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ABSTRACT

Such ceramic properties as plasticity, drying behaviour, and firing
behaviour of a wide variety of clays from the Whitemud formation of southern
Saskatchewan and southeastern Alberta are investigated. The relationship
between the mineralogical composition (determined by X-ray diffraction and dif-
ferential thermal analysis ) and possible commercial utilization is discussed.

Typical samples of good-quality stoneware clays, ball clays, fire
clays and xaolinized sands suitable for a wide variety of products contain
principally kaolinite and quartz and frequently mica, feldspar and montmorill-
onite. Fine particle kaolinite and montmorillonite have the greatest effect
on increasing the plasticity of these clays while quartz, feldspar and coarse
mica reduce their plasticity. The most refractory clays contain principally
kaolinite, quartzsand sometimes a small quantity of gibbsite. Mica occurs as
the clay mineral 'illite" or as coarse mica particles such as muscovite. Mica,
feldsparsand montmorillonite lower the refractoriness of the Whitemud clays.

Differential thermal analysis indicates that there should be no
problem in firing the Whitemud clays. Contaminating minerals such as carbon-
aceous material, siderite, jarosite and gypsum should not prove troublesome,
because they are present in minor quantities. Usually, the composition of the
Whitemud clays results in a medium to long firing range, whereas in many other
Canadian clays the firing range is very short.

* Head, Ceramic Section, Mineral Processing Division, Mines Branch,
Department of Mines and Technical Surveys, Ottawa, Canada.
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RESUME

Le présent rapport traite des recherches faites au sujet de cert-
aines propriétés céramiques telles que la plasticité ainsi que le comporte-
ment au séchage et au feu d'une grande variété d'argiles en provenance de
la formation Whitemud (Sud de la Saskatchewan et Sud-Est de 1'Alberta),
L'auteur étudie les relations entre la composition minéralogique (telle que
déterminée par la radiocristallographie par-diffraction et 1'analyse thermique
différentielle) et les utilisations possibles dans l'industrie,

Les échantillons représentatifs d'argiles a poterie de gres,
d'argiles figulines, d'argiles réfractaires et de sables kaolinisés de bonne
qualité qui peuvent convenir a 1'élaboration d'une foule de produits contienn-
ent principalement de la kaolinite ainsi que du quartz, et, dans bien des cas,
du mica, du feldspath et de la montmorillonite, La montmorillonite et la
kaolinite & grain fin ont surtout pour effet d'accroftre la plasticité des argi-
les tandis que le quartz, le feldspath et le mica grossier en réduisent la
plasticité, Les argiles les plus réfractaires contiennent surtout de la kaoli-
nite, du quartz et, parfois, une petite quantité de gibbsite, Le mica se
présente sous forme d''"illite", minéral argileux, ou sous forme de parti-
cules grossiéres de mica telles que celles de la muscovite, Le mica, le
feldspath et la montmorillonite abaissent la qualité réfractaire des argiles

de la formation Whitemud.

L'analyse thermique différentiellc indique qu'il ne devrait pas y
avoir de probldme en ce qui concerne la cuisson des argiles Whitemud. Les
minéraux accessoires tels que les matieres carbonacées, la sidérose, la
jarosite et le gypse ne devraient pas avoir d'effets défavorables parce qu'elles

ne s'y trouvent qu'en faibles quantités. La composition des argiles Whitemud

est telle que la gamme de cuisson est ordinairement de moyenne 2 longue,
tandis que, pour bien d'autres argiles canadiennes, la gamme de cuisson

est trés courte.

*Chef, Section de la céramique, Division du traitement des minéraux,
Direction des mines, ministére des Mines et des Relevés techniques,

Ottawa, Canada,
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INTRODUCTION

Purpose

To the ceramic industries of Western Canada the Whitemud is one of
the most important of the clay formations. It is made up of a wide variety
of clays suitable for many applications in industry. Kaolinized sands, ball
clays, fire clays, and stoneware clays from this formation have been utilized
for many years because of theilr excellent properties. . Extensive reports have
been made on the geology and ceramic properties of these clays. Very little
information has been reported on their mineralogical composition and, particular-
ly, on the relationship of the mineralogical composition of the clays to
their commercial utilization. Consequently, it is the purpose of this in-
vestigation to determine the ceramic properties and mineralogical composition
of representative Whitemud formation clays and to examine the effect of their
composition on commercial utilization. Many of the samples were obtained
from existing pits that are being operated by industry. Other samples have
been taken from areas containing clays of good quality that would be suitable
for commercial use 1f proper beneficiating and processing techniques are
developed, or markets become available,

Geology

The Whitemud formation occurs in southern Saskatchewan and south-
eastern Alberta. It was named '"Whitemud" by Davis(l) in 1918, principally
because of the white or light-grey appearance of the outcrops, which are
frequently high up on the sides of valleys.

According to Davis(l), the refractory nature of the clays was first
realized about 1909. Prior to that time they were mentioned by Bell(2),
Dawson(3), and McConnell(4). Rose(5) discussed the occurrence of Laramle
clays, which at that time included the unnamed Whitemud formation, in the
Wood Mountain-Willowbunch area of Saskatchewan. Dyer(6), McLearn(7,8,9,10),
Fraser et al(1l), Hutt(12), Williams and Dyer(l3), and Furnival(l4) have dis-
cussed the geology of the Whitemud clays in Saskatchewan. Dyer(15), Williams
and Dyer(13), Russel(16), and Russel and Landes(1l7) have reported on the
geology of the Whitemud formation in Alberta.,

The Whitemud formation clays are of non-marine origin and were
formed, according to McLearn(10), by sedimentation followed by chemical alter-
ation after deposition. Davis(l) believed the sediments were eroded from the
Precambrian in Manitoba, whereas McLearn(10) and Worcester(18) believed they
came from the west, although Worcester in a private communication later
stated that perhaps some of the eastern sediments came from the east. By 1927
McLearn(7) 1like some of the geologists preceding him had decided that there
were four zones in the Whitemud formation, the type locality being along the
valley of the Frenchman river near Whitemud post office in Saskatchewan.
McLearn's zones, in ascending order, were as follows: (1) white, sandy clay
zone, -(2) brown to black shale zone, (3) white clay zone, and (4) upper dark
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shale zone. Furnival(l4) suggested that the upper dark zone, which he had
found to be partly bentonitic and which showed no evidence of chemical alter-
ation to kaolinite, should be named the ''Battle" formation. The three lower
zones, which are now considered to make up the Whitemud formation, vary in
depth from area to area as a result of sedimentation, alteration, and erosionm.
In some areas one or more of the zones are entirely or partly absent. 1In the
type localities, the lower Whitemud formation zone occurs immediately above

the Eastend formation.

Previous Ceramic and Mineralogical Investigations

According to Worcester(18), the first test of the Saskatchewan
light-coloured clays was conducted in 1907 by Edward Orton, Jr., of Columbus,
Ohio, on 27 samples collected from the Dirt Hills by Daniel Diver, a prospec-
tor. TIn 1912 and 1913, Ries and Keele(19,20) described the properties of
clays from the Laramie formation in Saskatchewan. Keele carried out further
work in this province on Laramie clays in 1915(21) and, for the federal Mines
Branch, on the renamedWhitemud formation clays in 1921(22).

In 1934, McLearn and McMahon(23) prepared a comprehensive report on
the geology and ceramic properties of southern Saskatchewan Whitemud formation
clays. The ceramic tests on the samples were supervised by J. G. Phillips,
of the Mines Branch, who contributed a great deal to the knowledge of these

clays during this period.

Worcester(18,24,25) made extensive field and laboratory studies on
Saskatchewan Whitemud clays, and provided a thorough classification of them
according to their ceramic uses. 1In general, he reported that the Whitemud
clays in southwestern Saskatchewan, near Eastend at the eastern edge of the
Cypress Hills, are of the stoneware-yellowware type. The Whitemud clays of
gouth-central Saskatchewan, he found, are more varied in their properties,
and consist of very refractory plastic fireclays, refractory sandy fireclays,
high-strength, light-firing ball clays, kaolinized sand, and stoneware clays.
Crockford(26), assisted by the Ceramic Section of the Mines Branch at Ottawa,
has described the ceramic properties of numerous samples from the Whitemud
formation in Alberta. Worcester(18,25), Humphreys and Brady(27), and Peterson
and Tompkins(28) have described the physical properties of many of the better
Whitemud ball clays.

Some mineralogical work has been done on the Whitemud formation clays.
Little correlation has been made between mineralogical composition, ceramic

- properties (such as plasticity, workability, casting characteristics, -

refractoriness, fired colour, fired shrinkage, and fired water absorption), and
the problems associated with processing clays and clay products. Fraser (29,
30,31,32,33) studied some 145 Whitemud formation clays by petrographic means.
The Whitemud formation of Fraser's time also included the Battle formation
(McLearn's upper dark zone), so that some of the upper samples would not be
characteristic of the present Whitemud classification. However, he found that
typical grey sands and white sandy clays of the present Whitemud formation
contained feldspar, quartz, mica, and iron carbonate. In the minus 270 mesh
fraction of the sands and sandy clay zones, characteristic heavy minerals,
present in very minute amounts in Fraser's samples, were mainly zircon,
tourmaline, and rutile. The majority of his Whitemud samples contained
kaolinite grains. He found that the sands and sandy clays were non-calcareous




and non-dolomitic,

Brady et al(34) showed that kaolinite and quartz were the principal
constituents of some Saskatchewan kaolins, ball clays and fire clays, all
samples of which came from the Whitemud formation. They further noted that
11lite, gibbsite and montmorillonite could be identified in some of the clays.
Brady et al(34,35) pointed out that there was some uncertainty in definitely
establishing the presence of montmorillonite in some of the "as received"
samples, that 1s, samples that were not fractionated with regard to particle
size,

Development of the Whitemud Formation Clays

Stoneware clay, for many years, has been shipped from Eastend,
Sask., principally to sewer pipe plants, potteries, and brick plants at
Medicine Hat, Alta., and a plant at Estevan, Sask., Until recently it was
believed that there was too much overburden on the stoneware-type Whitemud
clays of Alberta. Recently, however, several pits have been developed in this
area where it was found possible to remove the overburden economically and
haul the clay to Medicine Hat. Stoneware clay from a pit at Avonlea, Sask.,
has been trucked to a plant in Regina for three years,

Refractory clays from the Dirt Hills and Cactus Hills, near Claybank,
Sask., have been used for many years in the manufacture of refractories and
face brick.

Ball clays from the Willows area have been used in whiteware,
pottery and refractories manufacturing, principally at Medicine Hat, Estevan,
and Vancouver. Some ball clays have been exported to the United States.

A great deal of work has been carried out in an effort to establish
a suitable method of extracting a good quality of kaolin from the kaolinized
sands of Saskatchewan. Spyker et al(36) investigated this problem for the
Saskatchewan government, using air- and water-separation techniques. The
federal Department of Mines and Resources at Ottawa(37) reported on the wet
separation of kaolin from kaolinized sands at Wood Mountain and Knollys,
Sagkatchewan.,

The Saskatchewan government outlined the extent of the Whitemud
clays in many areas by an extensive drilling program(38,39). By this work it
has been established that large quantities of good quality clay exist.

WHITEMUD FORMATION CLAYS
SELECTED FOR INVESTIGATION

‘The most yesterly Whitemud formation samples were obtained in the
Alberta Cypress Hills area, approximately 45 miles southeast of Medicine Hat,
The most easterly sample was obtained from Halbrite, Sask., southeast of Regina.
Representative samples were obtained from the two principal zones: (1) the
western or Cypress Hills area, which extends from southwestern Saskatchewan to




southeastern Alberta; and (2) the south-central Saskatchewan area, which lies
principally south of Moose Jaw and extends from, the Fir Mountain region east
to Halbrite, In this report, whenever a series of clays is listed from the
game area or project, the smallest number is always identified with the upper
bed in the series and the clays are then numbered in order of increasing depth.
The areas from which samples were obtalned are shown in Figure 1. The
numbered lines on the map represent highways.

Stonewvare (Clays

Alberta Cypress Hills Clays

Two occurrences, "K' and '"M'", near Eagle Butte, in the Alberta
Cypress Hills, were sampled. Six separate seams of a 30-foot section were in-
vestigated in area K, and five separate seams of a 22-foot section in area M..
A composite mixture of the area K beds, which 18 herein designated the Alberta

Cypress Hillsg Mixture (K), was also investigated.

Samples from Area K Samples from Area M
K-1 M-1
K-2 M-2
K-3 M-3
K-4 M-4
K-5 ‘ M-5
K-6

Alberta Cypress
Hills Mixture (K)

Eastend Clays

Five beds of stoneware-type clay, representing the upper 20 feet of
Project 7(39) at Eastend, near the eastern edge of the Saskatchewan Cypress
Hills, were investigated. In addition, a sample of the sewer pipe mixture from
the Dempster pit at Eastend was studied.

Samples from Easgtend

S
S
S
-S-
S
Eastend (Dempster)

Avonlea Clays

Five beds of an outcrop at Avonlea, Sask., representing a total
thickness of -approximately 20 feet, were examined. The properties of a sewer
pipe mixture made up from these stoneware-type clays and designated "Avonlea
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Mixture' were determined.

Samples from Avonlea

- A-1

A-2

A-3

A-4

. A-5
Avonlea Mixture

Cactus Hills Fire Clays

Two typical refractory clays, one very plastic and the other sandy,
from the Cactus Hills, near Claybank, Sask., are discussed. The plastic one
18 designated '"Cactus Hills Plastic Fire Clay", and the sandy one is designated

"Cactus Hills Sandy Fire Clay'.

Kaolinized Sands

Various kaolinized sands that were described by Spyker et al.(36)
were investigated. The majority of the samples are from Project 12(38,39),
near Fir Mountain, Sask. The crude materfal from this area is designated as
Sample 12-S-4&5. This sample was wet-separated by Spyker et al into a coarse
clay fraction, a fine clay fraction, and a very fine clay fraction. The very
fine fraction was referred to as C5. Samples KO7 and K13 are air-separated
samples, the former being from Sample 12-S-4&5 and the latter from a stoneware-

type deposit at Knollys, near Eastend, Sask.

The core from a drill hole in‘éhe isolated Whitemud formation out-
crop at Halbrite was investigated.

Designation of Kaolinized Sand Samples

12-5-4&5

12-8-4&5 Coarse (minus 12 plus 2 microns)
12-5-4&5 Fine (minus 2 microns)

12-8-4&5 Very Fine (C5)

K07

K13

Halbrite

Ball Clays

A great deal of work has been carried out by Worcester(18,25),
Peterson and Tompkins(28), and Brady et al(34) on the ceramic properties and
mineralogical composition of Saskatchewan ball clays. Some of the more
important ball clays that were discussed by the above authors are dealt with in
this report. Project 10 and Project 11 clays from Willows, Sask., and Project °
15 clays from Flintoft, Sask., have been described by Peterson and Tompkins(28),
Crawford and Carlson(38), and Brady et al.(34). Ball clays 2622, 92 and 10.




from the Willows area, and Midland ball clay from the Midland mine 1in the
Willowbunch area, have been discussed by Worcester(18). No. 10 ball clay was des=-
cribed by Worcester(18) as having speclal properties making it suitable for the
manufacture of saggers. .

Project 10 Samples Project 11 Samples

-GS~
-S-
-G=

-t

1
1
1

v W =

Miscellaneous Samples

Midland Ball Clay
2622 Ball Clay

10 Ball Clay

92 Ball Clay

Big Muddy Valley Clays

Four refractory, plastic fire clays (two of which are similar to
ball clays), and two stoneware clays occurring below the fire clays from an
outcrop below 100 feet of overburden in the Big Muddy Valley, are included in
the investigation. These samples were collected by the Saskatchewan Research
Council in 1961 from NW 1/4 34-3-24 W2; the upper four are probably similar to
Samples 3054,3055,3056 and 3057, collected by Worcester(18) in 1930.

of Big Muddy Valley Samples

Degignation
Big Muddy Fire Clay 6120
Big Muddy Fire Clay 6121 (can be classed as a ball clay)

Big Muddy Fire
Big Muddy Fire

Clay
Clay

Big Muddy Stoneware
Big Muddy Stoneware

Fractionated Samples

6122 (can be classed as a ball clay)
6123

Clay 6124

Clay 6125

In addition to the fractions of 12-S-4&5 obtained by Spyker et al.(36),
the less than 10 micron portion of a few clays was obtained by settling and

centrifuging, and investigated mineralogically.
designated with the original sample number plus a subscript 3A or 3B.

The fractionated samples were
The 3A

portion was collected from the bottom part of a Sharples Super-Centrifuge bowl,
and the 3B (finest) portion, from the upper part of the bowl.
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Designation of Fractionated Samples

Cactus Hills Plastic Fire Clay (3A) Fraction
10-S-1 (3A) Fraction
11-5-1 (3A) Fraction
11-8-5 (3A) Fraction
15-S-3 (3A) Fraction

7-S-1 (3B) Fraction

7-S-5 (3A) Fraction
Eastend (Dempster) (3A) Fraction
A-4 (3A) Fraction

K~4 (3A) Fraction
Big Muddy 6121 (3A) Fraction

METHODS OF INVESTIGATION

Ceramlc Evaluation

Such physical properties of Whitemud formation clays as plasticity,
workability, drying shrinkage, fired shrinkage, fired colour, fired hardness,
amount of water absorbed by the fired samples, and pyrometric cone equivalent
(PCE) or refractoriness, have been reported by McLearn and McMahon(23), and
Worcester(18). For the present work, the physical properties of some repre-
sentative samples of the individual beds from selected Whitemud formation
occurrences, and of some typical fire clays, ball clays, stoneware clays and
kaolinized sands, are investigated. Procedures used in determining the proper-
ties were described previously by Brady(40), where plasticity and workability
were empirically judged by a technician. The firing temperatures vary, but
are usually cones 06(991°C), 04(1050°C), 02(1101°c), 2(1142°C) 3(1152°c¢),
5(1177°C), or 10(1285°C).

Special techniques to determine shrinkage and water absorption by
the temperature gradient method (41, 42), and plasticity (resistance to shear)
by the Brabender Plastograph (43), were used to obtain temperature gradient
and plascicity curves of a few of the typical Whitemud formation samples. The
procedure and applications of these methods to Canadian clays have been dis-

cussed by Brady(44).

Plasticity measurements by the Brabender Plastograph, unless other-
wise noted, were made on mixtures of 507 clay sample and 50% potter's flint.
Water was added at the rate of 5 ml per minute to a 200-gram dry batch. The
flint addition reduced the plasticity of some of the very plastic samples so
that the entire peaks could be retained on the chart. A Dundas (referced to
occasionally in the literature as 'Lorraine') shale,which has just sufficient
plasticity for the production of extruded brick and tile,was used as a standard.
The peak heights and the areas under the curves were used as a basis for com-
paring the plasticities of the clays: the higher the peak and the greater the
curve area, the greater is the plasticity. This method of dztermining relative
plasticity is more exact than the empirical method that depends on human




judgment.

Mineralogical Composition of the Clays

The mineralogical composition of the clays was determined princip-
ally by X-ray diffraction (XRD), differential thermal analysis (DTA), and
microscopic means. Mineralogical balances were made of a few clays by using
the mineralogical composition in combination with chemical analysis. Most of
the procedures and apparatuses used were discussed previously by Brady(40,44).
Satisfactory DTA thermograms were obtained of the clays by heating the samples
in an alr atmosphere. A horizoantal nichrome-wound furnace was used instead of
the Stone atmosphere-controlled furnace previously described by Brady(40). A
Philips X-ray diffractometer was used for the XRD investigation. Glycolation
and heating techniques were employed in the XRD work, when necessary, to
identify certain clay minerals. Packed mounts were used for most of the "as
received" samples, and oriented mounts for most of the fractionated samples.

The mineralogical compositions of the plus 200 mesh (Tyler) fraction
of a few selected samples were detenuined by microscopic examination and XRD.
CerLain clays were fractionated by settling approximately the plus 10 micron
fraction and then removing the approximately minus 10 micron fraction from sus-
pension by a Sharples laboratory Super~Centrifuge. 1In certain cases this
procedure concentrated clay minerals, such as montmorillonite, which were
believed to be present in small quantities in the fine fraction of some of the
samples.

Separation of kaolin from the kaolinized sands was not attempted.
However, some of the important samples described by Spyker et al.(36) in the
publication entitled '"'Separation of Kaolin from Kaolinized Sand" were obtained,
and are discussed in this report.

Particle Size

The complete particle size distribution data on the samples were
not determined. The per cent plus 200 mesh (Tyler) fractions of several
typlcal samples that were fractionated for mineralogical purposes were cal-
culated. Previous work by Humphreys and Brady(27) had established particle
sizes, by the Andreason pilpette method, for some Saskatchewan ball clays.
Spyker et al.(36) obtained particle sizes, using a Bouyoucos hydrometer, for
kaolinized sand 12-S-4&5 and the beneficiated fractions 12-5-4&5 Coarse and
12-5-4&5 Fine. Worcester(18,25) determined the percentages of clay substance
and sand for 26 Saskatchewan ball clays from the Whitemud formation.

RESULTS

Ceramic Piroperties

The unfired and fired characteristics of stoneware clays from the
Alberita and Saskatchewan Cypress Hills are shown in Tables 1 and 2. The
majority of the stoneware samples are plastic and have good workability.
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TABLE 1

DProvervties of Stoneiare Glays from tle Alterts Cypresa Hills

I FIRED CHARACTSRISIICS
Clay UNFIRED CHARACTeR1LTICS P.ileB. 7§ Cone Fired Absorp- Colour Hardness REMARKS
No,. Mo. |ohrinkage] tion
» ”
Alberta Cvpress Hills Area K
K-1 Grey clay, very plastic and greasy, 23 ; 06 1.0 4.8 White Fairly hard E:ffi("llt '-‘i dry
water of plasticity 26.7s, cracks [(1605°C o3 3.3 10,0 Cream Tard stoneware clavg
in dryin dryi shrinkage 7.0, hd . vanadium efflores-
n drying, Qrying " " Pl 4.0 X Tignt onff Very hard cence(V efflor,«),
h-2 Grey to white clay, fair plastic- 02 0.7 10,2 Light cream Fairly soft Open=firing stconeware
ity, water of plasticity 18,14 — 7 clay which eontains a
slir:'ht. cracks in rapid drying,’ 20 1.0 1 gL Cream Fairly hard hich proportion of none
drying shrinkage 4.8, contains (15¢4°0) 5 1.3 8.2 Cream Tairly hard | plastic materialj
considerabie nrite. N V efflor,s»
K-3 Light brown to grey clay, ood o 1.1 14.0 vihite Fairly hard | Refractory stone-
plasticity, water of plasticity ( <8 ) 52 1 3.5 10.2 T3t cream Hard ware or low-duty
24,77, slight tendency to crack 1646°C - ~ fire clay; V efflor,»
with x"apid drying, drying z 45 LR Uream Very hard Vi
shrinkaze 7.8qe
K-4 white clay, plastic, water of 0b 0.2 13.9 wWhite Fairly hard | Stoneware clay
plasticity 2he2p4, cracks 17 - - which is inclined
sliohtly witn rapid drying, (151200) 22 33 8] Créam Hard to be difficult
drying shrinkage 6.1/ < 3.3 7ol Lispt outf Very hard " to dry; V efflor.»¢
K<5 dhite clalyi short and pritty, 06 0 13.5 WJhite Fairly soft | Opep-firing, non-
water of plasticity 21z, safe 19 rivi T plastic stonsware
drying, drying shrinkag:e 5e (1541°C) ° 97 1.5 ‘hits Fairly hard clay; V efflor,»+
2 1.3 9.9 Jhite *airly hard
5 1.8 9.0 Light cream Hard
-6 Lisht buff clay, non-plastic, 16 02 0.3 IP'.5 Urown-tuf £ Soft Kon-plastic
water of plasticity loe, safe (1491°C) 2 0.5 5.0 orovn=buff Soft sandy maf.erlal-
. dryine, drying shrinkage 1.5 5 1.3 15.0 rrown Fairly hard
Alberta btoneware-type Whitemud clay Ol 0.0 12,2 Cream Fairly hard |Stoneware-type clay
Cypress fairly plastic, extrudes well 07 1.5 5.8 ROTEN Fairly hard with a high propor-
Hills under vacuum but body is inw 20 - - . . tion cf ncn=-
Mixture clined to be weak, water of 2 2.b /.6 Buf Hard plastic materials
(K) plasticity 18455, slight tend= © 3.5 5.6 Cream-rrey Hard The plastic portion
ency to crack with rapid dry- dries with
ing, drying shrinkage 7re A kel Lo Light grey Very hard difficultys It has
a lone firing
ranre, V efflor,+s
Alberta Cypress iills Area M
M-1 firown clay{ tough plist.lc clay, 06 1.1 1244 Light buff Fairly hard | Very difficuvlt to
vclacz; og glzsgicgtyiddz;, . 20 o2 73 % Tight GulT Tard dry stoneware
racks ba n r — .
shrinkage 13.0?. rying, drying 2 2.5 3.8 Buf L Very hard clay; V efflereee
5 3.5 8.2 [T Very herd
—
M2 'Jilhit’:e céay, sandy m:t.eriat hut 02 0.3 1044 Light. buff Fairly soft |Difficult to dry,
nclined to be sticky, water 18 Z 0.0 9.9 Tight. oulf Fairly soft | cpen=firing
of plasticity 17x, cracks in (157207) 3 3 5 TI2he Bl FaI Iy hard ] Stoneware clayy
drying, drying shrinkage 2.0pa - <o ot gh riy ha V efflor.se
M-3 Brown clay, very plastic, tough, 06 2.5 10.5 Salmon Hard Very difficult clay
and sticky, water of plasticity 16 02 L% N Salm Very b to dry
34.7», cracks in drying, dry- d oh 2a_mon ery hard *
ing shrinkags 11l.7%. < [EF) 3.6 Jrovn-red Very hard
M=y m{iL:icyfy,zglgsttciiwzter og N 06 0.3 J4ad Cream Fairly hard | utonewars clay with
plasticity 25.8», slight tend- 4 02 5.0 .1 Tight ouif Very hard a madium firing
ency to crack in dryi dry- . u > ery . or . %
ingyshrinkage b.8,o.y ng, dry: (1398eC) V] 7.1 3.2 T Treel hard range; V efflor.*
e
M-5 brown to grey clay, very plastic
;nd sticky, :?her of plasticity 15 (¢12) 2.0 8.8 Light buff Hard Very Aifficultclay
dz;chv ;g{nkagiiig}grto ary, 0< 5.7 _1.5 srown-tuf { Steel hard to dry.
> . ~ 2 6.3 Usd srovin-red Steel hard

* P.C,E, - pyrometric cone equivalent (heat softening point).

EY IV

efflnr. indicating vanadium efflorescence was otserved after

the trial pieces were saturated with watar and then dried,
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TABLE 2

Physical Properties of Eastend, Saskatchewan, Stoneware Clavs

FIRED CHARACTERISTICS
Clay UNFIRED CHARACTERISTICS P.C.E. | Cone | Fired Absorp- Colecur Hardness REMARKS
No. No. | Shrinkage | tion
% ®
Sastend, Saskatchewan - o N
7-3-1 Grey clay, zood plasticity, water 06 0.9 15.2 Very pale cream Fairly hard | Low-duty fi 1
of plasticity 27,25, slight tend= 26 02 579 i7.1 Creanm Tard which ig di??fiui{
ency to crack with rapid drying, (1621°C} hhd > - ST te dry; V efflor.«x
drying shrinkage 7.3%s 3 4.0 10.0 Crean Eard ' ¢
5 Led 9.1 Cresm Very nard
7-5-2 White clay, good workability and 06 -0.,3* 134 Nearly white Fairly hard | 3andy stonewar
plas;icity! water of plasticity 19 02 1.3 10.7 Tiznt oream Card clay¥ rare
22,5%, satisfactory in rapid dry- |{1541°C) : d .
ing, drying shrinkage 5.6%. 3 245 7.9 Creamy burf ‘Tery hard
5 2,7 7¢5 Creamy buff very hard
7=5=3 '?itg.c;iy, gogd wo;kakili;y_and 17 06 0 14,1 Nearly white Fairly hard | Stoneware clay;
. plasticity, water of plasticity + 5 5 . 3 V efflor,
25%, satisfactory in rapid dry=- (1517°C) 0 +0 10 g C?eam T ﬁaru shitor.Tr
ing, drying shrinkage 6.6/ E) 3.0 7s Light buf ‘ery hard
5 3.7 5.2 Light buff 3teel hard
7=3=4 Cream, good workability and 06 0.7 14.5 Light salmon Fairly hard | s : d
plasticity, water of plasticity 14+ . puff sggg:&qi:“cfgs'e
35%, satisfactory in rapid dry- (1412°) [ 02 Le5 8.0 Salmon buff Hard
ing, drying shrinkage 7.7x. 3 047 2ok Partly brown- [ Steel hard
ish and sal=
mon buff )
7=-5=5 Light grey clay, very plastic 06 0.9 13.1 Light salmon Fairly nard | sipi -G
(somewhat stick&), water of 18+ buff e;@;i:rigoiz S=4
plasticity 34.7%, slight tend= (1530°C) Q< <5 Bl Salmon ouff dard difficult to 4ry.
ency to crack with rapid dry- 3 3.5 5.8 Jarker salmon | /ery nard :
ing, drying shrinkage 9.4%. buff
Sastend Stoneware~type Jhitemud clay, 06 0.9 1449 Cream fairly hard | Rlastic, easily-
(Dempster) plastic, extrudes satisfactor=- 1%+ oL 243 12,2 Crean Hard dried, stoneware
rilxture ily under vacuum, water of (1550°cC) 02 5.5 2.0 Tellow-cream Very nard clay with a fairly
nlasticity 224, safe drying, - -~ SToel - long firing range;
drying snrinkage 6e5%s 2 6.8 3.8 Grey=-cream Steel nard V efflor. =
6 8.3 1.0 Grey steel hard

* A minus sign indicates expansion.

% V efflor. indicates vanadium efflorescence was observed after the
trial pieces were saturated with water and then dried,
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Drying shrinkages are inclined to be high and, consequently, many of the samples
are difficult to dry under rapid-drying conditions. The majority of the clays
vitrify readily, and fire to a white, cream, grey, buff, or brown colour. Most
Whitemud samples from this area and from other southern Saskatchewan areas con-
tain soluble vanadium salts which appear as a yellow to green efflorescence.

The Avonlea stoneware clays whose properties are shown in Table 3
are, in general, similar to the clays in Tables 1 and 2. Physical properties
for typical fire clays, ball clays and kaolinized sands, and for a stoneware
clay from the south-central portion of Saskatchewan, are shown in Table 4. The
ceramic properties of the plastic fire clays from the Cactus Hills and Big
Muddy Valley, and of the ball clays, indicate (Table 4) that these clays are
very plastic, are difficult to dry, and vitrify at high temperatures. T7The ball
clays, particularly, are tough, greasy, and inclined to be sticky. The Halbrite,
Cactus Hills Sandy Fire Clay, and 12-S-4&5 kaolinized sand (Table 4) are the
least plastic, yet have falr workability. They dry safely and are open-firing
clays, probably because of the nature of their non-plastic ingredients. All
samples in Table 4 fire to a white, cream, grey, or buff colour.

The Brabender Plastograph curves of the 50% clay - 50% potter's flint
mixtures are shown in Figures 2,3,4 and 5, where per cent tempering water is
plotted against resistance to pugging action (resistance to shear). The peak
heights and the areas under the curves are shown in Table 5. The latter areas
were used by Marshall(43) as a measure of plasticity.The peak of each curve
indicates the water content required for maximum resistance to pugging action
or, in effect, maximum plasticity .

Experiments with various clays, a standard shale and some non-plastic
Queenston shales have indicated that, in order to extrude satisfactorily, the
material should have a peak height of at least 500 units, and a minimum curve
area of at least 6 to 7 sq in., under the laboratory conditions employed. The
curve for the Dundas shale standard sample, shown 1in Figure 2, has a broad peak
base, a peak amplitude of approximately 500 units, and an area under the curve
of 8.50 sq inch. The curves for the Dundas-flint and Halbrite-flint mixtures
(Figure 2) indicate that the addition of an equal amount of flint to a clay or
shale sample reduces the peak height and the area under the curve to approximate-
ly two-fifths to three-fifths of the original value. In general, the per cent
tenipering water shown for the clay-flint mixtures in Figures 2,3,4 and 5, is
several per cent lower than the per cent tempering water (water of plasticity)
required for the clays undiluted with flint (Tables 1,2,3,4).

The results shown 1in Table 5 indicate that 1f the samples were un-
diluted with flint theilr plasticity should be greater, and in some cases much
greater, than Dundas 100%. Thus, there is a wide range of plasticities among
the Whitemud formation clays, the majority having ample plasticity for extrud-
ing. The plascograph curves vary considerably in shape, particularly in the
upper portion where maximum resistance to shear, or maximum plasticity, is
achieved. The ball clay peak heights and the areas under the ball clay curves
are, on the average, considerably higher than those for the fire clays, stone-
ware clays or kaolinized sands, and indicate that the ball clays are very
plastic materials.
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TABLE 3

c1s UNFIRED CH CTERI S FIRED CHARACTERISTICS
N%?y CHARACTERISTIC P.C.E. ?one Fired Absorp~ Colour Hardness REMARKS
No, |Shrinkage| tion
% %
Avonlea Clavys

A=l White ilayi zood work?bi%ity, ( 29 ) oL 1.3 15.7 Cream Fairly hard [Medium.duty fire clay
very plastic, water of plastic- 1659°C 7 = or stoneware clay
ity 25.8%, tendency to c¢rack Oi L2 "%1%~— Bream flard 'plastie; ¥ efflexix
with ranit drving. dryine 3.7 11. arker cream Hard
shrinkage 6 h% g, aryins 5 4.3 9.3 Darker cream Very hard

A=2 Buff clay, good workability, oIN 3,0 9.2 Buff Hard “inite efflorescence;
very plastic, water of plastic- 19 02 ) H.0 Buff Very hard nlastic stoneware
ity 27.8%, cracks badly with {1541°C) T 5.0 5l Buff Yerv_hard clay, care raguired
rapid drying, drying shrinkage 5 6.0 1.3 Buff Steel hard in dryine.

45 2 e ——

A-3 Grey, sandy clay, zood worka- Ok 0,9 14 .4 Pinkish crean Fairlv soft | Low=duty fire clay;
bility, »lastic toritty), water 26 02 1,7 12.5 Speckled cream buff]| rairly hard | care required in
of plasticity 24.8%, cracks {1621°C) 1 2,2 17..3 Speckled cream Fuff| rairlyv kard | dryinz; V efflor.x
badly with rapid drying, drying 5 2.9 9.3 Speckled eream burf| Hard
shrinkace 6,6%.,

A=l 3uff clay, fair workability 06 0.7 1.3 Salmon buff Fairly hard | Yhite éfflorescence;
plastic and sticky, water of 17+ 0L 3.2 9.8 Salmon buff Hard low-zrade steoneware,
nlasticity 38,95, cracks with (1517°C) 02 5.2 5.3 Srownish buff Very nard or common clay, very
slow drying,drying shrinkage 10.2%. 1 5.7 L.2 Brownish buff Vary hard difficult to drv.

A=5 Grey clay, grod workability, 06 0.3 14.7 Licht salmon Fairly soft |'ihite =fflorescence;
verv plastic, water of plastic- 16+ 0L 1.3 11,7 | Light salmon buff tedium nard low-3rade stonewarsa,
ity 29.2%, siight tendency to (1500°C) 02 3.0 8.1 Salmon buff Harc or common clay;very
crack with slow drying, drying 1 3.0 7.7 Salmon buff Hard Zifficult to dry.
shrinkage 6,7%.

Avonlea Grey ¢lay mixture, good worka- 06 0.3 13.5 Pink buff Fairly hard | Typical stonewsre

Mixture bility, very plastic, water of 20-23 oL 1.8 10.6 Pink buff Hard clay, has a tendency

Suitable plasticity 26,2%, cracks with (1580°C) 02 3.0 8.2 suff Very hard to scum, care re-

for Sewer | rapid drying, drying shrinkage 1 3.5 0.0 sark buff Tery hard gulred in drying;

Pipe 7.5%, ‘ 5 L6 4.3 Creyish burf Steel hard afflor.*

* V efflore indicating vanadium efflorescence was observed after
the trial pieces were saturated with water and then dried,
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Figure 3. Plasticity Curves of Stoneware Clays.
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Figure 4. Plasticity Curves of Fire Clays.
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Figure 5. Plasticity Curves of Ball Clays.




Relative Plasticity of Typical Whitemud Formation Claysk

TABLE 5

Area Under Peak Area Under Peak
Sarple Plastograph Height Sample Plastograph deight
Curve Chart Curve Chart
Sq. In. Units - Sgq. In. Units
Stardard Duadas and Fire Clays
aolinized Sands
Cactus Hills Plastic 7.7 749
Dundas 1007 8.50 500 Cactus Hills Sandy 6.10 449
Cundzs + Flint 4.55 210 Big Muddy 6121 5.50 560
Halbrite 1009 7.80 500
Halbrite + Flint 4.85 2€0
12-5-4&5 3.30 600
Stoneware Clays Ball Clays
Avonlea Mixture 6.15 520 10 11.85 750
Eastend (Dempster) 6.10 560 11-5-1 9.30 350
Alberta Cypress ilills 15-5-3 14.60 300
Mixture (K) 6.20 360 Midland 8.40 790
Big Muddy 6125 5.30 480 10-5-1 11.30 380

* All pilastcgraph samples are 507 clay =~ 507 flint except
Haltrite 100% and the Standard Dundas 100%.

61
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The various temperature-gradient curves for shrinkage and water-
absorption, the significance of which is discussed by McNamara and Dulberg
(45), are shown in Figures 6, 7, and 8, A negative shrinkage value indicates
some residual expansion (expansion after firing and cooling), which is probably
caused by a quartz inversion at 573°C (1062°F) and perhaps the expulsion of
combined water (44)., The curves in Fig., 6 for Alberta Cypress Hills Mixture
(K) and Eastend (Dempster), and the curve in Fig. 8 for Avonlea Mixture,
indicate that these materials are vitrifying clays, of the stoneware type, having
moderate to high shrinkage values., The plastic fire clay curve in Fig. 7
indicates that the clay vitrifies gradually at a high temperature with a very
large amount of shrinkage, The curve of 11-5-1 ball clay (Fig. 8) shows that
this is a typical vitrifying clay of the ball clay type as described by
McNamara and Dulberg(45). Curves for Cactus Hills Sandy Fire Clay (Fig. 7)
and 12~-8-4&5 kaolinized sand (Fig. 8) indicate that these clays are non-plastic,
low-shrinkage, refractory materials that do not vitrify readily,

Differential Thermal Analysis

The DTA curves are shown in Figures 9 to 17, inclusive, API Kaolinite
H-4, described by Kerr et al.(46), was selected as a standard. Kaolinite -
Al751205 (OH), - has a percentage composition of 46,3% Si02, 39.8% Al203, and
13,9% Hy0. The DTA curve for the kaclinite standard is shown in Fig. 16, 1In
these figures endothermic peaks point down and exothermic peaks point up.
Kaolinite peaks occur on the H-4 standard curve, and on all curves of the test
samples, at approximately 1500C (302°F), 580°C (1076°F) and 970°C (1778°F). At
approximately 150°C (302°F), the curves of the Whitemud formation samples have
as large, or larger, peaks than the standard, This is probably because the clay
mineral or clay minerals in the samples contain as much, or more, absorbed
moisture than the standard, The test clay curves have smaller peaks than the
standard at approximately 580°C (1076°F) and shorter and duller ones at approxi-
mately 970°C (1778°) because the clays are more heterogeneous and contain less
kaolinite than the standard, In general, the greater the peak area at 580°C
(1076°F) and the sharper the peak at 970°C (1778°F), the greater the

kaolinite content,

The approximate kaolinite percentage was obtained by determining the
area per gram under the 580°C (1076°F) peak and comparing this with a standard
kaolinite curve. The very small peak area produced by mica and chlorite in
some of the clays at this temperature was negligible, The API H-4 kaolinite
standard was not satisfactory for clays having a high percentage of very small
clay particles, According to Speil et al,(47), the peak ‘area decreases with
particle size, Consequently, sample 10-S-1(3A), which consists of minus 10
micron particles, was selected for a standard to determine the kaolinite per-
centages of samples known to have, or suspected of having, a large proportion
of small kaolinite particles, It was calculated that 10~S-1(3A) contained 86%
kaolinite, This standard was used particularly with ball clays, plastic fire
clays, and fractionated samples that consisted mainly of kaolinite and quartz.
Kaolinite percentages obtained with the 10-5-1(3A) standard were higher than
those obtained from the H-4 standard.
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Figure 6. Temperature Gradient Curves of Cypress Hills

Stoneware Clays.
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Figure 9. DTA Curves of Area "K" Stoneware Clays,

Alberta Cypress Hills.




-25—

TEMPERATURE (°C)
200 400 600 800 1000

I T T T T 1 T 1

NS

S

—
—

! 1

200 600 [000 1400 1800
~ TEMPERATURE (°F)

Figure 10. DTA Curves of Area "M" Stoneware Clays,
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Figure 12. DTA Curves of Avonlea Stoneware

Clays.
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Figure 13. DTA Curves of Cactus Hills Fire Clays,
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Figure 14. DTA Curves of Project 10 Ball
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Figure iI5. DTA Curves of Project 15 Bail Clays (15-S-1,
I5-5-2, 15-$-3,15-S-4) and Midland Ball Clay.
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The area under the quartz (5i02) peak at approximately 570°C(1058°F),
which was obtained after eliminating the 580°(1076°F) clay mineral peak by
calcining the clay to 700°C(1292°F), was measured to determine the approximate
amount of quartz in each sample. With increasing temperature, the quartz peak
is produced during the inversion from the low to the high form of quartz.
Potter's flint was used as a standard for the quartz determinations.

The percentages of kaolinite and quartz obtained from DTA curves
are shown in Tables 6, 7, 8, and 9. The kaolinite percentages obtained from
comparison with kaolinite H-4 are shown without brackets and those obtained
from comparison with 10-S-1(3A) are in brackets, Where both figures are re-
ported the bracketed ones, according to X-ray and chemical analyses, are the
more accurate, For example, the alumina percentages of samples 12-8-4&5
Coarse and 12-5-4&5 Fine, reported by Spyker et al.(36), indicate that the
former sample contains 797% kaolinite and the latter sample contains 947%
kaolinite, One exception is 12-5-4&5 Very Fine (C5). This sample, accord-
ing to X-ray and chemical analysis (Spyker et al,(36), is principally kaolinite,
It consists of particles mainly less than 1 micron in size, and consequently
the kaolinite value is low when compared with sample 10-S-1(3A) which has
coarser particles.

Occasionally, some of the fire clay and ball clay curves have a
small endothermic peak at approximately 320°C(618°F), caused by gibbsite
(Al1203. 3H20). This is shown by the Cactus Hills Plastic Fire Clay curve in
Fig. 13. The approximate amount of gibbsite was obtained by determining

the area per gram of sample under the 320°C peak and comparing this with a
standard gibbsite curve, Other curves, particularly some of the Big Muddy
Valley ones in Fig, 17, have broad exothermic peaks from 320°C(618°F), caused
by the oxidation of carbonaceous material,

X-Ray Diffraction

The results of the XRD work on the "as received" samples and on some
of the fractionated samples are shown, along with the results of the semi-
quantitative DTA, in Tables 6, 7, 8, and 9. The results of microscopic and

XRD examination of the plus 200 mesh fraction of some of the samples are shown
in Table 10. From examination of the above tables, kaolinite and quartz are
the principal minerals present in the Whitemud formation clays. Their presence
was readily identified by DTA and XRD. In general, kaolinite is highest in the
refractory fire clays, ball clays, and fractionated samples, and is slightly
lower in the stoneware clays. The greatest percentages of quartz occur in the
non-plastic clays, and the least percentages in the very plastic, high-quality
clays, such as the ball clays.

Mica was identified by XRD in many of the samples, particularly in
the stoneware clays. It occurs also in the lower seams of the ball clay de-
posits, and in the sandy fire clays and kaolinized sands. Muscovite was
observed in small quantities in a few of the plus 200 mesh samples, and illite
was identified in small quantities in the very fine fractions of some of the
clays. The quantity of mica was frequently small in the samples, and usually
no attempt was made to positively identify the form in which it occurred.
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TABLE 6

Stoneware Clays

X-Ray DeTeAe X=-Rav D.TsAs
Sample Mineral Diffraction Results Sample Mineral Diffraction Results
Results % Results %
Area K Clays Area M Clays
K-1 Kaolinite Major 35 M-1 FKaolinite Mederate 26
Quartz Major 33 Quartz ajor 40
Mica Hinor Hontmorillonite Minor
Montmorillonite Minor
Me2 Kaolinite iiinor 16
K=2 Kaolinite Moderate 23 Juartz ¥ajor 46
Quartz Ma jor 53 Mica Hiinor
Mica Minor Hontmorillonite Minor -
Feldspar Minor Feldspar ¥inor
K-3 Kaolinite Major 38 =3 Kaolinite loderate 27
uartsz Moderate 30 Quart.z Moderate 27
llontmorillonite ¥inoe
Kely Kaolinite ﬁgderate §%
Quartz Jor, -4 Kaolinite Yoderate 20
Eiig ﬁgderate iuarts iioderate 29
reldspar nor lilca Moderate
Feldspar iinor
K=l Kaolinite Ma jor 52(64) »
(34) Luartsz Trace M-5 Kaolinite fcderate 24
Fraction Mica Minor Quartz Nederate 33
Montmorillonite Minor Mica Moderate
. Montmorilleonite iiinor
Feldspar Yinor
K-5 Kaolinite Voderate 22
quartz Ha jor 43
tica Moderate
Feldspar Hinor
K=-6 Kaolinite Minor 15
Quartz Ma jor 42
Feldspar Minor
Alberta Kaolinite Moderate 27 -
Cypress {uartz Major L7
Hills Mica Minor
Mixture (K) Feldspar Minor
Montmorillonite Tracs
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TABLE 7

Ffastend and dvonlea 3toneware Clavs

. . X=-Ray D.TsAe Z~Ray TeTels
Sample Mineral Diffraction Results Sample t{ineral Niffraction Results
Results % lesults 7
Eastend Samples ivonlea 3amples
©7=8=-1 Kaolinite Major 34 i-1 Kaclinite Major 38
Quartz Hajor 36 ! uartz Yoderate 30
4'r
|
7=5=1 Kaolinite Major 56(52) { 1-2 Kaolinite tlajor i8 i
(33) uartz Trace f uartz {'onerate 26
Fraction Montmorillonite Trace i Mieca MNinor !
| ;
7~5=2 Kaolinite lloderate 1% l A=3 Eaclinite wajor 35
Juartz Hajor L : Qquartz wcderate 32
rilca Minor i Faldspar idnor
Feldspar Minor !
7-5~3 Kaolinite loderate 13 ! A=l Kaolinite “oderata 22
Quartz Hajor L5 ! Quartz Moderate 30 i
Mica Minor i Fica Yinor !
Feldspar Minor i Ffeldspar Miner ’
t
7=S=4 Kzolinite Moderate 13 A=l Kanlinite lajor 41(47)
Quartz iloderate 27 (34) Luartz Trace
Mica iloderate Fraction Iica Trace
Feldspar Minor Fontmorillonite “winor
7=-5-5 Kaclinite Moderate 22 A=5 Kaolinite Moderate 26
Luartz Moderate 27 nartz Moderate 22
Mica lModerate lica Minor
Feldspar Trace Feldspar fioderate
dMontmorillonite Moderate
Chlorite Hinor
7-3-5 Kaolinite Major 42(4%3) “'Jﬁ?,ﬁigﬁ;m I(é';,?{anve)
(34) Juartz Trace mixed layar
Fraction Fontmorillonite Minor
Eastend Kaolinite Major 35 Avonlea Kanlin Ma jor - 28
(Dempster) Luartz Major 40 Mixture Quartz loderate 30
kica Minor Mica Finor
Feldspar Minor Feldspar Minor
lMontmorillonite Minor
Chlorites Insufficient
to icdentif
Eastend Kaolinite Major 49(59) o icentily
(Dempster) oartz Trace
(34 dilca Minor
Fraction Montmorillonite Minor
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TABLE 8
Kineralorien) Compositinn of Cactus Hills Fire Clays and 3illows Area 4dall Clays
Y-Ray UeToAe X-Ray D.ToA.
Sample Mineral siffraction Results Sample Nineral Diffraction Results
Hesults o Resuvlts %
Cactus Hills Pro{%ct 10, Willows,
Fire Clayg RBall Clays
Cactus ilills Kanlinite Ma jor 49 (65) 10-5-1 Kaclinite Ma jor L8 (63)
Plastic Guartz Foderate 22 {uarts Minor 19
Fire Clay Gibbsite kinor 2.4 Gibhsite None detected 1.0
Gyps'm Surcestion )
10-8-~1 Kaolinite Major 70 (46)
Cactus Hills Kaolinite Ma jor 82 (96) (34) uartz Minor 10
Plastic Gibbsite None datactad Small Fraction iibbsite None detected Small
Fire Clay peak peak
(32
Fraction
10-5-3 Kaolinite Ma jor 52 (68)
(uarta Moderate 24
Cactus Hills Kaolinite Major 37 Gypsum Trace
Sandy Quartz Major Lb
Fire Clay Kica tiinor
10-3-% Kaolinite Ma jor 42 (52)
Prn!ect 1_and martz Major 42
<022 .Ball €lays Mica Minor
Trom willows
2622 Kaolinite Ma jor 45 (56)
Ball Clay yuarcty Moderate 28 10-5-6 !(]‘a):}‘::h,e :gg::nt,e Ii,g (60)
Gibbsite None detected 0.5 Mica Modarate
11-5-1 Keolinite Ma Jor - W7 (83) 10-3-7 Kaolinita Major 37
Quartz Moderate 21 art Moderat 2
Gypsum daak g‘;c: » Mln:;a e 3
<Gibbsite None detected 1.20 Feldspar Trace
11-3-1 Kaolinite Major 61 (RO}
(34) Quartz Minor 16
Fraction Gibbsite None detected Small
peak
11-8-3 Kaolinite Major 49 (60)
Quarts Moderate 21
Gibbsite None detected 0.5
11-3-5 Kaolinite Ma jor 45 (50)
Quarts Moderate 28
Mica Modergte
11-8-5 Kaolinite © Major 65 (80)
(34) Quartz Minor 10
Fraction Mica tifnor
10 Kaolinite Major L, (52)
Quarts Modsrate 24
Mica F.inor




Hineralocical Composition of Flintoft dall Clays, Kaolinized Sands from .

Fir FNouintain, sastend and Halbrite, and iidland and i Muddy Valley Plastic Clays

X-Ray DeT.Ae X-Ray DuTehs
Sample Minaral Liffraction Results Sample Hineral Diffraction Resulte
Results w Resvlte
Prolect 15 Ball dMidland and Hl§
Clays, Flinteft thuddy Valley Clays
15-8-1 Kaolinite Major 51 (70) itidland Kanlinite Hajor 43 (56)
‘warts Hnderate 22 Rall Clay Quarts Minor 17
Gibbsite None detected 1.0
15-5-2 Kaolinlte Ma jor 50 {65) Uig Muddy Kaolinite Ma jor 37 (&)
Quarts Moderate 25 Fire Clay quarts Minor 18
Mica Tentative 6120 Gibbsite Minor 8.0
15-5-3 Kaolinite ka jor 39 {47) Big Muddy Kaolinite Ma jor 48 (59)
wuarts iloderate 25 Fire Clay Quartz Minor 19
6121 Gibbsite Minor 2.8
Montmorillonite Minor
15-3-3 Kaolinite Via jor 43 (57)
(34) Quarts - Trace
Fraction Montmorillonite Large minor Hie Muddy Kanlinite Major 85(100)
6121 (uartz Trace
(34)
15-5-4 Kaclinite tia Jor 40 Fractton
Quarts Moderate 25
Mica Moderate
Big Muddy Kaolinite Ma jor 43 (55)
Fire Clay ijuarts Minor 17
Kaolinized Sands 122
12-S-4 & 5 Kaolinite Major 43
Juarts Major 39 Hig Muddy Kaocltnite Major 38 (46)
Fire Clay Quarts Moderate 22
oli}
12-8-4 & 5 Kaolinite Major 66 (&2)
Coarse (uarts Minor 9 )
Fraction Mica Minor Hig Muddy Kaolinite Ha jor 37
Stoneware Quarts Moderate 27
Clay Nica
'Y 6124
12-5-4 & 5 Xaolinite Hajor 7% (91)
Fine Quarts Trace Trace
Fraction
Big Muddy Kaolinite Ma jor 33
Stoneware Quarts Modarate 21
12-5-4 & 5§ Kaolinita Major s, (66) ol Mica Minor
Very Fine Quarts Rarely i
Fraction : datectable
(cs)
K 07 Kaolinite Ma jor ay
Air~Floated Guarts Minor 4
K 13 Kaolinite Major 55
Air-Floated Quarts Minor 14
Mica Moderate
Halbrite Ksolinite Moderate 32
Quarts Modearate 28
Mica Mincr
Feldspar Minor
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TABLE 10
Mineraloglcal Composition of Tlus 200 Mesh Fractiops of -
Selected Whitemud Formation Clays
Sample and
Percentage
4200 Mesh Mineral Comments )
Alberta Luartz Rounded or irregular clear or translucent grains,sometimes stained yellowish red.
Cypress Hills Kaolinite In fine-grained aggrersates of rvartz from white to dark grey.
Kixture (K) Goethite Reddish-brown, fine-grained aggrecates with quartzse
29445 Muscovite Clear,colourless flakes accompanied by green micaceous materiel,
K-2 yuartz Clear, colourless, anzular grains;some loosely cemented agrregates.
Stoneware Muscovite Clear, colourlese flakes.
41,0% Kaolinite a. Platy,soft,greyish-green material. b. Soft,fine-grained,grey aggregates with quartz,
M=ty Quartz Clear, angular, and rounded grainse
Stonaware Muscovite Irregilar, fine-grained, greyish-white aggregates with quartze
Q. Goethite Rounded, nodular, reddish-brown grains, black interiore.
Carbonaceous Soft, b.{ack material.
Amber 7 Hare, hrivht-yellow clear grains, no diffraction pattern, possibly amber.
Micrometeor-
ites
Eastend Quarts Clear, angular grains, a few stained reddish, some rare, loosely cemented agrregatess
{Dempster) Siderite Brownish-grey,euhedrai prismatic crystals in agpregates,also spherical, nodular aggregates,
Stoneware Goethite Nodular,spherical aggregates,black interior and a thin reddish-brown coating,
8.0% Muscovite Rare, thin, colourless flakese :
Kaolinite ? A mineral present in white and yellow=trown aggregates with guartz and a mica minersl,
7=S=1 Quarts Clear, colourless, angular grains and rare yellowish-green aggregates.
Stoneware Goethite Nodular spherical grains with a black interior and a thin reddish-brown coatinge
3.9% Gypsum ° Clear, colourless, platy grainse
Calcite Rare,translucent, yellowish-green grains,
Carbonaceous | Soft, black material,
TwS=5 Quartz Clear, colourless, angular grains,
Stoneware Goethite Nodular spherical granulesjblack, metallic with a thin, reddi sh. brown coating.
7] Gypsum Clear, colourless, platy prains,
Avonlea Quarts Clear, colourless, angular and rounded, grey or greenish.grey grains,
Mixture Gypsum Fine-grained, soft, white aggregates in hemihydrate form(probably because of drying).
Stoneware Goethite Nodular, spherical, reddish-brown aggregates, black interior.
19.2% Kaolinite Platy and columnar aggregates of soft brownishegrey matsriale
Jarosite Soft, fine-grained, yellow material and a matrix of aggregates of clear quarts grains,
Carbonaceous | Soft, black material. - . .
Muscovite Rare, colourless flakes,
A-1 Quarts Clear,angular and rounded, frosted grains; a few loosely cemented aggregatess
Stoneware Gypsum Soft, platy white, in hem{hydrat,e form,probably because of drying sample,
15.5% Goethite Fine-grained, angular, reddish-trown fragments, .
Carbonaceous | Black, irregular grains.
Kaolinite Brownish-grey, soft, platy and columnar afgregatas.
Hematite ? Rare, shiny, meta.llic, blue~black material,
Muscovite Rare, colourless flokes,
A=l Quarts Clear, rounded and angular grains; yellow brown or grey aggregates.
Stoneware Gypsum Clear, colourless or yellowish-grey platy grains.
N Carbonacegus | Soft, black, irrezular grains,
12eS~445 Quarts: Clear, white, grey or greenish-grey grains,
Kaolinized Kaolinite Brown{sh-grey, soft, platy and columnar aggregates.
Sand Carbonaceous | Black, soft, irreguiar grains,
36.3% Muscovitse Rare, clear, colourless flakes,
Halbrite Quarts Clear, colourless, angular grains;some translucent grains and rare ferruginous aggregates,
Kaolinized Kaolinite Rare, platy and columnar aggregates; soft, brownish-grey.
Sand Gypsum Rare, clear, platy pgrainse
46.0% Carbonaceous | Soft, black material,
Sandy Fire Quarts Mostly rounded, clear, ¢ olourless or milky - grey grains.
Clay, Carbonaceous | Soft, black material, :
c“"‘*f Hills Kaolinite a) In soft, platy, or columnar brownish-grey aggregates. b)Soft,fine~grained, vhite agsregates,
43,7 with quartz,
Plastic Fire Quarts Clear, angular grains, also some rounded,milky graina and loosely cemented aggregates.
Clay, Cactus - Goethite a)Brownish-grey,nodular aggregates,black interior.b)brown grains,probably pseudomorphic after
Hills siderite, c%rﬂns-grained, reddish~brown aggregatens
2.,2% Carbonaceous Soft, black materiale
Raolinite Soft, fine-grained, white aggregates, with quartze
Gypsum A few clear, platy grains,
2622 Quartz Clear, colourless, irregular grains;fine-grained white, and a few loosely cemented aggregatese
Ball Cla Kaolinite Platy and columnar, brownishegrey, soft material,
0.6% Y Carbonaceous | 3Soft, black materiale
* Barite . _Irrepgular, hard, brownish-srey grains,
11-8-1 Quartz i Clear, colourless, rounded grains and a few 1loose aggregates of smal) grains,
Ball Clay Gypsum | Clear, platy grains,
1.7% Goethite Rare, hard nodulsr granules with fine-grained black intarior and a yellow-brown exterior,
Carbonacaous | Soft, black materiale i
15=3-3 Juarte Loosely cemented aggregates and clsar, colourless, angular grains,
Ball Clay Gypsum Clear platy grains,
. Goethite Rare nodular granales, black interior, yellow brown exteriore
Carbonaceous | Soft, blacka
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The percentage composition of ideal muscovite (KA1, (A1S15074)(0H)2)

is §i0,, 45.2; Al503, 38.5; K,0, 11.8; and Hy0, 4.5. The compositions of the
clay micas-~such as illite--are extremely variable, because of substitution in
the crystal lattice. Warshaw(48) recently discussed illite and the micas re-
lated to it. 1In the present report, illite refers to a micaceous clay-grade
material which broadly contains less potassium, and more silica and water,
than does muscovite.

Feldspar was identified by XRD frequently in the stoneware clays
(Tables 6 and 7), and rarely in the fire clays and ball clays (Tables 8 and
9). The potash, soda and lime contents of feldspars vary, but the formula of
a typical feldspar (orthoclase) is K90.A1203.6Si02, resulting in a percent-

age composition of K20—16.9, Al1203-18.4, and Si02-64.7.

Although not all samples containing feldspar were fractionated, this
mineral was not identified in the plus 200 mesh fractions of samples K-2, M-4,
7-S-5 and A-4 (Tables 6, 7 and 10) nor in the minus 10 micron fractions of
samples K~4, 7-S-5 and A-4 (Tables 6 and 7). Thus it may be concluded that
feldspar in the Whitemud formation clays has particle sizes mainly smaller
than 200 mesh (74 microns) but greater than 10 microns. '

Montmorillonite was readily identified by XRD in some of the clays
from the Alberta Cypress Hills (K-1, M-1, M-2, M-3, M-5; see Table 6).
particularly from area M. It was also identified in stoneware samples 7-S-1
(3B), 7-S-5(3A), and Eastend (Dempster)(3A), from Eastend (Table 7); in stone-
ware samples A-4 (3A), A-5 and Avonlea Mixture, from Avonlea (Table 7); and in
15-8-3(3A) ball clay and Big Muddy Plastic Fire Clay 6121 (Table 9).

The composition of montmorillonite may be extremely variable, because
of substitutions in the crystal lattice. Ross and Hendricks(49) calculated
formulas for various members of the montmorillonoids. They suggested that the
clays at the montmorillonite end of the montmorillonite-beidellite series would
have (A13.34§g.66) SiBOZO(OH)4 plus interlayer water as their formula.

2,66

Gibbsite, which was readily identified in small quantities by DTA in
some of the very refractory plastic fire clays and very refractory ball clays
(Tables 8 and 9: Figures 13, 14 and 15), was identified in a few of the samples
by XRD. Frequently, however, the amount of gibbsite was too small to identify
by this method. Gibbsite was observed as small white concretions in Big Muddy
Fire Clay 6121, ' :

A chloritic clay mineral and one tentatively identified as a mixed-
layer, chlorite-vermiculite clay were identified in sample A-5 from Avonlea,
Saskatchewan. The stratum from which this sample was taken is probably a
transition from the Whitemud formation to the lower Eastend formation.

Other minerals that are present in extremely small quantities in a
few of the clays were identified by XRD in the plus 200 mesh fraction of some
of the clays listed in Table 10. Gypsum (CaS04.2H20) and goethite (Fe203.3H20)
frequently occur in clays from the majority of the areas from which samples
were taken. Carbonaceous material was commonly found in the samples examined.

Siderite (FeCO3) was identified in Eastend (Dempster), jarosite (KFe3(SO4)2(OH)6)

in the Avonles Mixture, and calcite (QaCO3) in 7-S8-1,
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The minus 10 micron samples were made up principally of fine-particle
kaolinite. Some of the fine fractions contained montmorillonite or illite, or
both. Further, gibbsite and fine particle quartz were identified in some of
these samples. Humphries and Brady(27) found that the Whitemud formation ball
clays that they examined contained at least approximately 80% minus 10 micron

particles.

Although substances such as siderite, calcite, carbonaceous material,
and gypsum may, when present in appreciable quantities, cause some difficulty
in firing and affect the properties of the fired product, the DTA curves in-
dicate that they do not seriously affect the samples examined. 1In fact, the
DTA curves show that the Whitemud- clays should be relatively easy to fire. Sub-
stances such as pyrite, high-temperature organic material, dolomite, and calcite
(this last was identified in one sample only) are absent from the Whitemud clays.
These materials are potential trouble-makers during firing, and provision must
be made in the firing cycle, if they are present, to decompose them properly at

the correct temperatures.

Mineralogical Balances

Mineralogical balances of three typical stoneware clay mixtures, two
typical sandy kaolinized materials, a sandy fire clay (similar to a kaolinized
sand), a plastic fire clay and three ball clays are shown in Table 1ll. The
crystalline silica percentages shown in this table were obtained by the Trostel
and Wynne method(50). These values checked closely with the DTA values for
quartz, which are shown for the samples in Tables 6,7,8, and 9. Kaolinite and
gibbsite percentages were obtained from the DTA curves. The total of the
percentages of thesc minerals was deducted from the total of the chemical
analysis for each clay. The remainder has value and composition varying with
the complexity of the clay. Part of the composition of the remainders is made
up of small percentages of minerals and materials not identified.

Mica occurs in the remainders for all samples shown in Table 11,
except possibly in the refractory plastic fire clay from the Cactus Hills and
in the ball clays 10-S-1, 11-S-1 and 15-8-3. The substantial amount of
+110°C Hy0 (combined water) in the remainders for the Avonlea Mixture, Cactus
Hills Sandy Fire Clay and the kaolinized sands suggests that mica is principally
in the form of illite, The amount of +110°C H20 in the Alberta Cypress Hills
Mixture (K) and Eastend (Dempster) remainders is low; possibly these clays

contain less mica than the others, or some of the mica is in the form of
muscovite. Muscovite was observed in the plus 200 mesh fractions of the stone-
ware clays and the 12-S-4&5 kaolinized sand. Calculation of the percentage
mica in the remainders is unsatisfactory, because other aluminum silicates,
such as feldspar and montmorillonite, may also be present.

Feldspar is a constituent of the stoneware clay and the Halbrite
kaolinized sand remainders, but does not appear in the remainders for the
12-S-4&5 kaolinized sand, the Cactus Hills fire clays, and the ball clays.

The stoneware clay remainders (Table 11),vin addition to containing
mica and feldspar, also contain montmorillonite and goethite. Eastend (Dempster)
contains siderite and Avonlea Mixture contains gypsum and jarosite.

Montmorillonite makes up part of the remainders for the stoneware
clays and ball clay 15-S-3. The remainder for 15-S-3 is estimated to contain
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TABLE 11

¥ineralocical Halances of Selected ihitemud Formation Clays

Total | 510, | Feo | Fe05(710, | 01,05 fca0 {Meo [oreanse| s [co, {was0 [x0 (5,0 at [io
Clay Minerals S R R P - P P P ol B A - ifo-c [
N - £ . iMoisturs %
Chemical Analysis 100,53 172,32 10,19 11,64 11,17 116,54 10,12 J0,05 | 0,10 0,012 10,12 |0.40 | 2,59 0,77 | 4251
Alberta Crystalline
Cypress Silica 49490 149.90 »
Hills Kaolinite 27,00 {12.60 10,70 3.70
Mixture Remainder - mica, feldspar, pnd
";Knewaru amall amounts of mnuorilionita,
Sto ani goethite 23.63 | 9.82 (0,19 {1.64 |1.17 | 5.84 {0,12 {0.05 | 0.10 {0.012 |0.12{0.40 }2.59 0.77 | 0.8
- Chemical Analysis 99.97 167,56 | 0.64 | 1.86 10,59 |18.78 §0.14 § 0.46 | 0.08 | 0.023 0.0 {0.17 }2.57] o0.95 | 5.75
Crystalline
) Silica 41,40 | 41.40
) Kaolinite 35.00 [16.30 13,30 %
Stoneware Remainder - mica, feldspar, and
small amounts of montmorillonite,
siderite and goethite 23.64 | 94861 0.64 | 1,86 [0.59 | 4.98 [0.14 J0.46 | 0.08 | 0.023 |0.40 | 0.17 12.57] 0.95 | 0.85
Chemical Analysis 100,18 [63.48 [ 0.45) 2.57 (0.8, 119.65 [0.52{1.27 0.28 {0,087 {0.2010.70 { 1.81 1.23 ‘7.09
rystailine
Avonlea Stlica 34,08 136,08
Xixture Kaclinite 27,50 112,73 10,95 3,82
Stoneware Remainder = {eldspar,mica,
montmorillonite, chlorite
cnlorite-vermiculite mixa& layer
(tentative), and very small amounts
of gypsum, jarosite, goethite and
carbonaceous material 36460 | Lbob7 | 0,45 | 2,57 |0.84 | 8470 | 0,52 | 1,27 0.28 {0.087 {0.20 | 0,70 | 1,81 1.23 | 3.27
Chemical Analysis 100436 {71,0610.32]0.71 §0,59 118.48 [ 0,08 | 0utds 0,19 10.18 10.36 10.12 }1,31 0.37 } 6.15
N Crystalline
Qii‘fi.‘.i;a Silica 48,00 148,00
Sand Kaolinite 32,00 | 14,82 12,73 Y
nemainder - princlpally mica
feldspar, and small amounuof
gypsum and carbonaceous material 20436 | 8424 ) 043210471 {0,599 | 5,75 10408 |Oelidy 0.19 | 0,18 [0,360.12 1,31 0.37 | 1.70
Chemical Analysis 100.42 166,321 0413 1 1,14 [0.88 { 20,80 [0.16 | 0.61 0.05 | 0,026 |0.6610.12 10,69 0,78 | 8,05
12-5-445 \.r{:talllnc 12,20 | 32,20
e Silica . .
Kaoclinized Kaolinite 43,00 113,91 17,11 5,08
Sand Remainder = principally mica 1522 €21 [0.13 [ 114 | 0.88 | 3,69 [ 0.06 |01 | 0.05 | 0.026 |0.66 | 0.12 [0.85[ 0478 | 2,07
Chemical Analysis 99.7h [ 6544k | 032 [ 0e7) [ 0493 {2184 [ Qah | 0474 0.22 | 0,060 [0.0810.07 10.79 0452 | 7.78
Crystalline 1,20 11,20
Cactus Hills Silica Ll, 2
5 c Kaolinite 27200 17,1 14.73 Qelh
Sandy Fire Clay Remalnder = principally mica s T O I O IO T A T 02 (07 | 0.22 1 0.06 | 008 [ 0.07 1 0% 05T 2.4
Chemical Analysis 100449 153,76 10,19 11,00 10,93 $ 29,10 { 0,36 10,37 0.21 10,00710,7010,08 10,19 1,56 111,97
Crystalline
cactus Hills Silica 19,48 119,48
Plastic Keolinite 65,00 130,10 25,87 2403
Fire Clay Gitbsite 24300 1,67 0,73
‘demainder - small smounts ol
gcechit;, ms:, l:sx;bcn:]c.mmst e
material,and o r mine 8 no
‘CCCM . B 13,61 ) 3,1810,1971,0010,93 1 1.5 10,360,237 ' 0,21 10,06710,7010,0210,39% 1,5 ' 2,2y |
-
Chenical Analysis 100455 {54436 | 0,06 | 0486 | 1,03 | 28428 | 046 | D.86 0.10 | 0,49 |03:25} 0,60 | 0,08 2.24 10,28
105t - 17,90 (17,9
Ball Clay —Kl\_? Il : TG
olinite £5,00 129,17 22407 i
AT 1.5 Be55 0e35
iti'“ Ttl‘::d- Iualilanounu of un~
dent. minerals sum
go:t.hxto and carbtmzcgo”\;s material | 18.65 | 7.2910.06{0.86 11.03 | 2,56 10,46 {0.86 0,10 | 0,49 ]0.2510,60 | 0,08 2.24 | 1,77
- Chemical Analysis 99.96 156,521 0,1310,79 11,08 | 26,98 |0,26 10,72 0,25 10,31 in,d, 10,48 10,17 0,99 111,68
11-5-1 sr stalline 22,92 | 22,92
3all Clay 1itca X
60,00 | 27,78 23,88 [T
Kaolgini‘:p % oPYii [ PY3
emalnder = mulnounts of un~
identified minerals s un
gostnite and carbonscoons materisy | 15,84 | 5.820 0.13[0.79 (1,08 | 2,3210.26 0,72 | 0.25 1031 In.a. |08 10.07] 0.59 | 292
Chemical Analysis 100,44 160,001 0.0611,9911.13 122,9210,16 11,08 0491 0,24 Inedy 10,3210,51 1.89 1 9,23
Crystalline
15-8-3 Siliza 27,16 16 (73]
Ball Clay Kaollnits 47200 | 21,76 18,71 .
emainier - montmorilicnite, small
amounts of unid.ntigiod minerals,
d mi t car-
« | Donaceous maverial snd gosthite 26,28 | 11,08 0,06 | 1.99 ] 1.23 | %.21[0.16 |1.08 | 0.1 |0.24 |n.a. |02 05| 1.9 | 270
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10 to 15 per cent montmorillonite. If this amount of montmorillonite, having
an approximate formula suggested by Ross and Hendricks(48), is deducted, the
balance has the approximate composition shown for the 11-S-1 remainder in

Table 11. :

The remainders for 15-5-3 less montmorillonite, for 10-S-1 and

11-S-1, and for the Cactus Hills Plastic Fire Clay make up approximately 12
to 19 per cent of the samples. This total consists of small percentages of
gypsum, goethite, carbonaceous material, probably a titanium-bearing mineral
or minerals, moisture, a carbonate mineral or an aluminium silicate or
silicates. The aluminum silicate minerals were not identified but the most
likely are montmorillonite, illite or mica, and feldspar. If these minerals
occur, they are not present in sufficient quantities to be identified by the

procedures employed.

Particle Size

The particle size distribution curves for ball clays 2622 and 92
from the Willows area, and those for kaolinized sands 12-S-4&5, 12-5-4&5
Coarse and 12-S-4&5 Fine, are shown in Figure 18. The curves indicate that
the two ball clays and the beneficlated kaolinized sand samples have a high
proportion of small particles, and that the unbeneficiated kaolinized sand

also contains a substantial quantity.

The amount of plus 200 mesh material for the clays listed in Table
10 gives an indication of their nature. The very fine-grained, plastic ball
clays, such as 10-S-1, 11-5-1 and 15-5-3, Cactus Hills Plastic Fire Clay, and
- Alberta Cypress Hills stoneware sample M-4, have approximately 2% or less of
plus 200 mesh particles., Cactus Hills Sandy Fire Clay, the Halbrite sample
and 12-8-4&5 -- all of which are refractory kaolinized sands that have, at the
best, moderate plasticity -- contain approximately 35 to 45% plus 200 mesh
particles. The majority of the plus 200 mesh material is quartz, which is a

non-plastic ingredient.

DISCUSSION AND CONCLUSIONS

In considering the effect of the mineralogical composition of White-
mud formation clays on their commercial utilization, it is important to keep
in mind how the clays might be used and what the necessary properties of the
final product must be., Clays that are used for the production of kaolin for
the paper industry should be easy to beneficiate so that a clay having a good
white colour, free of grit, can be obtained. Extruded products, such as sewer
pipe, require a plastic clay having good workability, low drying shrinkage,
good drying qualities, and a long vitrification range. Ball clays and china
clays used in the whiteware industry should fire to a white or near-white
colour and, in addition, should have certain raw and fired properties
- necessary for the type of ware which is being manufactured. One of the most

important properties of a fire clay is the pyrometric cone equivalent or
refractoriness,
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Differential thermal analysis (DTA) and X-ray diffraction (XRD)
studies show that kaolinite is the principal clay mineral in the Whitemud for-
mation clays (Figures 9-17 and Tables 6-9). It is a refractory mineral having
a PCE of approximately 34(1763°C) and, consequently, is a desirable constituent
of refractory clays. The ball clays of Project 10, 11 and 15, the assorted
ball clays such as 2622, 10 and Midland, and the good-quality fire clays
(Tables 4,8 and 9), all of which contain high proportions of kaolinite, have
PCE's of 30 to 33. Clays from the Avonlea, Eastend and Alberta Cypress Hills
areas are less refractory than the ball clays and good-quality fire clays
(Tables 1,2,3,4,6,7,8 and 9), because they contain less kaolinite and more low-
melting minerals, and are more heterogeneous, than the refractory clays.

The very plastic Whitemud formation clays, such as the ball clays
and plastic fire clays that contain a high proportion of fine-particle
kaolinite, vitrify readily. The plastic stoneware clays vitrify at a slightly
lower temperature than do the plastic fire clays and ball clays because of
their higher content of mica, of feldspar and of other minerals, and their
lower kaolinite content. The kaolinized sands, sandy fire clays and very
sandy stoneware clays do not vitrify easily, because of their high quartz

content,

Kaolinite is responsible for a great deal of the plasticity of the
Whitemud clays, particularly since it is the mineral which occurs most
abundantly in them. Montmorillonite and a fine mica mineral (illite) also
occur in many of the clays. According to Marshall(43), montmorillonitic and
kaolinitic clays have large-to-medium plastograph peaks, with the montmorillonite
peaks having the greatest areas. He showed that the plastograph area for the
mica clay mineral "illite' was very small as compared with the other two.
Consequently, the Whitemud ball clays and plastic fire clays are very plastic,
because all of them contain a substantial amount of fine particle kaolinite
and some of them contain montmorillonite, This composition also causes these
clays to be tough, greasy, and sticky, and consequently makes them difficult
to work., Where kaolinite and mica occur together in these clays, kaolinite
is chiefly responsible for increasing plasticity, although fine mica in the
form of illite is also plastic. Coarse mica, such as muscovite, decreases

their plasticity.

The Whitemud formation clays fire to a white, cream, grey, or buff
colour (Tables 1,2,3,4) because of their high kaolinite and quartz contents
and the absence of high proportions of minerals high Iin iron or other colour-
ants. The majority of these clays contain traces of soluble vanadium salts,
which may appear as yellow to green efflorescence on the fired product,

particularly in porous products.

Quartz is a refractory, non-plastic ingredient that is present in
substantial quantities in the Whitemud formation clays. Its particle size
varies from coarse to very fine grains. Quartz normally does not greatly
lower the refractoriness of those Whitemud clays in which kaolinite is the
other principal mineral., The temperature gradient curves of the Cactus Hills
Sandy Fire Clay (Fig.7) and 12-S-4&5 kaolinized sand (Fig.8) and the fired
results in Tables 1,2,3 and 4, indicate that the clays high in quartz do not

vitrify readily.

Quartz has a detrimental effect on plasticity,which, in the Whitemud
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clays, is largely offset by the plastic nature of the kaolinite and the small
amounts of montmorillonite and illite. Such samples as K-2, K-5 and M-2
(Table 6), which contain over 40% quartz, have moderate to poor plasticity.
The plasticity curves of the Halbrite, 12-S-4&5, Alberta Cypress Hills Mixture
(K) and Cactus Hills Sandy Fire Clay samples (Figures 2,3 and 4, respectively)
indicate that the clays will extrude, although they contain a high proportion
of quartz, a great deal of which is plus 200 mesh, and other non-plastic
ingredients. These clays produce a weak body when extruded. '

The Whitemud formation ball clays, the majority of the fine fractions,
and some of the other types contain extremely small particle quartz.

Quartz has a reversible expansion at 573°C (10629F). Uncombined

quartz in the fired material causes severe cracking if the ware is cooled too
rapidly through this inversion point. Since the Whitemud formation clays,
particularly the stoneware clays and kaolinized sands, contain considerable
quartz (Tables 6,7 and 9), some care must be exercised in firing these
materials, The temperature gradient shrinkage curves of the Eastend (Dempster),
Alberta Cypress Hills Mixture K, Cactus Hills Sandy Fire Clay and 12-S-4&5
samples show that there is a substantial residual expansion at temperatures
below 750°C (1382°F), caused principally by the 40% or greater quartz which

the samples contain.

It was stated earlier that mica probably does not enhance the
plasticity of the Whitemud formation clays to so great an extent as do
kaolinite and montmorillonite. Mica acts as a flux in fired ceramics produced
from the Whitemud formation clays, and is an undesirable impurity where re-
fractoriness is important., It is a common constitutent of the stoneware clays
(Tables 6 and 7) where, along with feldspar and sometimes montmorillonite, it
reduces the refractoriness of the quartz-kaolinite mixture so that the clays
have a PCE of about 20 (Tables 1 and 2). -

Coarse mica flakes, which are present in many of the clays, such as
Big Muddy Stoneware 6125 (Table 4), cause specking of the fired clay. Mica of
this type may cause undesirable specking in some of the white-burning
Saskatchewan ball clays such as 10 (Table 4). Removal of most of the coarse
mica is necessary in the production of paper-grade or.ceramic-grade china clay
from the Whitemud formation kaolinized sands, in order to obtain a high
quality product. Whitemud clays containing fine mica (illite) may fire to a
buff or cream colour because of iron in the crystal structure.

Feldspar was identified frequently in the middle-to-lower beds of
the stoneware occurrences, but infrequently in the ball clay, fire clays and
kaolinized sand occurrences (Tables 6,7,8, and 9). It was not identified in
any of the plus 200 mesh fractions,nor did it appear in any of the very fine
fractions. Feldspar is a non-plastic ingredient and an active flux. During
firing, it lowers the melting point and vitrification range of the Whitemud
clays in which it occurs, The Whitemud stoneware clays are of medium re-
fractoriness and, in general, are good vitrifying clays, partly because of
feldspar (Tables 1 and 2, and Figure 6).

Montmorillonite is generally an undesirable component of the Whitemud
formation clays, because of its adverse effect on their drying characteristics.
The high drying shrinkages and cracking in drying of some of the Whitemud clays,
particularly those from Alberta Cypress Hills Area M (Tables 1 and 6), are
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caused by montmorillonite. However, a very small amount commonly found in the
plastic clays enhances their plasticity and contributes a great deal to their
unfired strength. The phenomenally high dry strength of 15-S-3, and possibly
of some of the other Saskatchewan ball clays, which were described by Peterson
and Tompkins(28) and Worcester(25), is produced by montmorillonite, as well

as small-particle kaolinite. Bell(51) has illustrated the effect of 1% of
bentonite (montmorillonite) on the plasticity of a non-plastic shale.

The Whitemud clays that contain a substantial amount of montmorillon-
ite frequently fire to a dark buff or light brown colour (Clay M-3, Table 1).
This is usually not detrimental to clays used for such products as sewer pipe
and flue liners, However, a few of the Saskatchewan ball clays fire to an
undesirable off-shade of white, due partly to iron which may occur in

montmorillonite.

Montmorillonite is not refractory and, consequently, it helps to reduce
the PCE of the kaolinite Whitemud clays. For example, the stoneware clays of
Alberta Cypress Hills area M, which contain appreciable quantities of montmor-

illonite, have low PCE's.

Small quantities of gibbsite occur in such refractory plastic clays
as the Cactus Hills Plastic Fire Clay, Big Muddy Fire Clay 6121, and in ball
clays 10-5-1 and 11-5-1 (Tables 8 and 9). Gibbsite is an extremely refractory
mineral and, consequently, helps to maintain a high PCE in the Whitemud clays
in which it occurs. No gibbsite was detected in the stoneware clays or the

kaolinized sands.

Goethite, an iron-bearing mineral, was identified in small quantities
in the plus 200 mesh fraction, principally in the very plastic clays from the
Cypress Hills areas and south-central Saskatchewan (Table 10). Although
present in small quantities, this mineral is very undesirable in those White-
mud formation clays that might be used in the whitewares and pottery industries,
because it causes the formation of brownish specks on fired ware. It may also
be detrimental in the very fine form if it is present in beneficiated kaolin.
It is an active flux and lowers the PCE.

Gypsum occurs in very small quantities in the Whitemud clays and,
in general, is not harmful to them unless large gypsum pockets are encountered.
Gypsum may be a source of soluble salts which cause scumming and efflorescence

on dried and fired ceramic products,

Carbonaceous material commonly occurs - usually in very small
quantities -- in the Whitemud clays and is easily burned out, according to the
DTA curves. It was found, in the plus 200 mesh fraction in the form of soft
black flakes, in the majority of the clays shown in Table 10. The very plastic
ball clays and fire clays frequently contain a very fine, colloidal type of
organic material that colours many of the clays dlmost black, Carbonaceous
material may influence the deflocculation characteristics of slip prepared
from these clays. An appreciable amount of it, such as is found in some of the
Big Muddy clays, may cause difficulty in firing unless proper provision is
made for burning it out during the oxidation period.

Jarosite, calcite, and siderite usually occur in very small quantities,
and so they would not frequently cause trouble., Jarosite would probably cause
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a scumming or efflorescence problem., If calcite or siderite 1s encountered in
any quantity, some care in firing would be required during the decomposition
stage of those carbonates. _

In general, an attempt was made to identify the minerals in each
sample that were most abundant, because they are the ones which have the
greatest influence on the commercial utilization of the clays. It was noted
previously that certain minerals, which were present in small quantities and
which have an effect on properties, were readily identified by DTA or micro-
scoplc means without much detailed work. No concentration and identification
of heavy minerals, such as zircon, tourmaline, rutile, apatite, anatase,
andalusite and garnet, was attempted. Fraser's work (29,30,31,32) indicated
that many of the Whitemud formation clays contain these minerals, particularly
zircon, tourmaline and rutile, in small amounts in the minus 270 mesh fraction.
Frequently, concentration of the fine fractions of the:samples showed that
clay minerals were present, such as montmorillonite, 1llite, or chlorite, which
were not identified in the "as received" samples because the amounts were
beyond the limits of detection of the methods employed.

The foregoing discussion has dealt with the effect of individual
minerals on the properties of the Whitemud formation clays. In an examination
of the physical properties of the typical clays, as shown in Tables 1,2,3 and
4, it 1s apparent that all clays examined from the Western, or Cypress Hills,
area are of the stoneware or kaolinized-sand type. Mixtures of the plastic
and non-plastic beds are vitrifying clays, which are most suitable for such
products as sewer plpe, stoneware, conduits, flue lining, face bricks, build-
ing tile, and drain tile. The clays are only moderately refractory, because
many contain substantial proportions of mica, and feldspar, sometimes some

‘montmorillonite, and a low to moderate quantity of kaolinite. The amount of

quartz is variable, but quartz 1s generally the most abundant non-plastic
ingredient., If montmorillonite, mica and feldspar are absent from the Cypress
Hills clays, or present in small quantities, and kaolinite and quartz are the
predominant minerals, then the clays become more refractory. For example,
sample K-3 (Table 1) has a PCE of 28, and 7-S-1 (Table 2) a PCE of 26. Never-
theless, these PCE values are lower than those of the refractory kaolinized
sands, ball clays and fire clays from the south-central area of Saskatchewan.

The properties of the Cypress Hills stoneware clays are not
seriously affected by minor amounts of jarosite, siderite, goethite, and
gypsum, Vanadium efflorescence on face brick manufactured from these clays
should be prevented, since it is usually undesirable.

The Cypress Hills clays owe their plasticity, principally, to
kaolinite and to a small amount of montmorillonite and i1llite. Montmorillonite
in very small amounts has a beneficial influence on their plasticity, but in
some cases 1t occurs in sufficient quantities to cause drying difficulties.

The Whitemud clays of the south-central Saskatchewan areas have a
much wider range of properties than do the Cypress Hills clays. The stoneware
clays from this area generally have the same range of physical properties and
mineralogical compositions as the Cypress Hills clays. Kaolinized sand
12-S-4&5 from Fir Mountain, the Cactus Hills Sandy Fire Clay (a kaolinized
sand), and Halbrite (Table 4) have PCE's of approximately 30 to 31; they are
more refractory than the Cypress Hills sands, such as sample K-2 (Table 1),
because the eastern sands contain less mica and feldspar and more kaolinite
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than the Cypress Hills samples. The generally greater kaolinite content of
the eastern sands is Important in a consideration of the amount of kaolinite
which can be recovered from the Whitemud sands. A larger amount of kaolinite
was recovered from 12-5-4&5 (Sample K07), by air separation, than from the
Knollys sample (K13), shown by Spyker et al. (36) and in Table 9. Ball clays
and refractory fire clays occur only in the south-central area.

It has been difficult to beneficiate the Saskatchewan kaolinized
sands to obtain a good quality paper-grade clay(36). The raw colour of
beneficiated samples such as 12-§-4&5 Fine has not been entirely suitable for
a high quality paper filler or coater, possibly because of colloidal iron.
Fine-particle quartz has been difficult to remove. However, many of these
sands contain a substantial proportion of kaolinite, and a solution may be
found to improve the raw colour of the clay fraction. According to Spyker et
al.(36), 12-S-4&5 Fine has more than 507% of the particles smaller than 1
micron. Thus, they believe this material should be suitable for a filler in
linoleum, rubber, and coloured paper. Beneficiated samples such as 12-S-4&5

Coarse are sultable for ceramic-grade kaolin(36).

The very refractory, high-strength, light-firing ball clays and the
very refractory plastic fire clays of the south-central Saskatchewan Whitemud
formation generally occur in the upper portion of the formation, above
kaolinized sands. If gibbsite occurs, it usually appears in the upper seams
of the plastic beds. If a mica mineral and/or feldspar occur in the ball
clays or plastic fire clays, they usually appear in the lower seams of the
plastic beds. Mica (illite) was identified in them more frequently than was
feldspar. Kaolinite and quartz are the principal constituents of all seams.
Because of the distribution of the minerals in these plastic refractory clays,
the most refractory materials generally occur in the upper seams.

Some of the Saskatchewan ball clays have an extremely high dry
strength and are very plastic, because of very fine-particle clay minerals,
principally kaolinite. Montmorillonite contributes greatly to the high dry
strength of some ball clays. Many of these clays fire to a white or near
white colour. Occasionally, some of the seams contain coarse goethite or
coarse mica which causes the fired clay to have a speckled appearance unless
these minerals are removed. Whitemud formation ball clays containing
montmorillonite, illite or fine goethite may fire to an off-white colour. The
clays that fire to a speckled appearance or to an off-white shade may be, unless
suitably treated, detrimental to a whiteware body for which white colour is

impor tant.

Plastic and sandy clays from the Whitemud formation, consisting
mainly of kaolinite and quartz, can be successfully blended to form high-duty
or lower quality refractories. Gibbsite, which occurs in some of the plastic

fire clays, raises the PCE.

In general, the Whitemud formation provides good quality stoneware
clays, ball clays, fire clays and kaolinized sands, containing principally
kaolinite and quartz and frequently mica, feldspar and montmorillonite.
Gibbsite occurs in some of the plastic refractory clays. DTA indicates that
there should be no problem in firing the Whitemud clays. Contaminating
minerals such as carbonaceous material, siderite, jarosite and gypsum should
not prove troublesome, because they are present in minor quantities. The

clays do not contain dolomite, calcite and pyrite, which are common sources
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of firing trouble in many other Canadian clays and shales. Usually, the com-
position of the Whitemud clays results in a medium to long firing range, where-
as in many other Canadian clays the firing range is very short.
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