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CLAY SAMPLE LEDGER .9"?0

SAMPLE LOCATION DESCRIPTION
NUMBER (grid ref)

Samples GS 30-34 comprise a series of partially over-

lapping 25kg samples from the main clay exposure.

The aip- of this sampling was to collect material of

a particular colour and/or grain size which would be

likely to be reproducable under full scale quarrying

conditions.

GS 30 482917 1.5m, chocolate brown clay.

GS 31 ! 1m, as above.

GS 32 ot 1.2m, as above.

GS 33 ! im, as above.

GS 34 " 1.2m, off white clay slightly sandy.

GS 35 471912 Roadside cutting, 1.5m section of chocolate brown
\clay. 25kg sample:

CR 1 449911 Light brown'plastic clay from gravel pit south of
road c.f. GS 3.

CR 2 435899 1.5m section of dark brown, well bedded clay. Base
not exposed these but 15m away allowing thickness
estimate of 2 - 3m. Road cutting exposure.

CR 3 452911 Brown silty clay from grader scrape next to road.
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CLAY SAMPLE LEDGER 937064

SAMPLE LOCATION DESCRIPTION
'NUMBER (grid ref)

GS 16 482917 2m south from GS 14, blister of yellow clay occupying
I 20cm of the interval sampled near base of GS 14.

GS 17 " ., 70cm leached white clay, silty in part from upper
l portion of clay bed below 1.5 - 2.0m of sand between

this sample and GS 15.

GS 18 " 60cm yellow-orange-pink leached clay, lower portion of
bed sampled by GS 17. Rests on basal gravel bed of
variable thickness, which overlies weathered Timbs

I Formation.
GS 19 c. 30cm, white sandy clay from above 1.2m sand bed

overlying GS 8.

Samples GS 20 to GS 24 comprise a spot sampled column
~ over 2.8m of exposure in an erosion gully in a gravel
7 pit. The material is mostly indurated owing to
- weathering processes acting adjacent to transported
gravel cover. The top is exposed but not the base and
it is considered very likely that this is the same
clay bed sampled by GS 1-5 and 8-15.

GS 20 480919 top, pink and brown clay, some silty.
GS 21 " ‘brown indurated clay and stiff clay.
6s 22 " as above____—

GS 23 " as above.

GS 24 " bottom of exposure, as above but with minor coarse
sand indicating approach to true bottom of bed.

clay.

Samples GS 26-28 constitute a continuous section taken
with a hand auger, the top is truncated. At 471912
this locality is over 1km from the main sample area.
[t may represent the bed of samples GS 17-18 free of
illuvial contamination.

GS 26 471912 top, 40cm, chocolate brown and some pink clay.
GS 27 " 55cm, pink clay.
GS 28 " 75cm, off white clay silty near base.

GS 29 476918 80cm, indurated, chocolate brown silty clay grading
to clayey sand.

l GS 25 480915 50cm hand auger sample, pink clay over orange sandy
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CLAY SAMPLE LEDGER

937005

LOCATION
{grid ref)

DESCRIPTION

|I GS A
II GS 7

II GS 8

482917

i

482916
479917

482917

1]

_ 30em as above.

From road gqutter, dark brown clay with macerated plant
fossil material, some humic acid material and sand in
joints. Series of spot samples over 10m.

' From next 10m of road qutter downhill from GS 1, dark

brown clay, minor contamination of sample from sand in
joints. =

From next 10m of road gutter downhill from GS 2, light
brown clay, more plastic than dark variety and apparently
derived from it by a near surface wet weathering process.

From next 10m of road gutter downhill fres GS 3, dark
brown clay c.f. GS 2.

From next 10m of road qutter downhill from GS 4, dark
brown clay c.f. GS 2.
end of continuous section.

Fines component of gravel associated with the clay.

From the gravel pit area 300m W. of GS 1-5 suite, 1.5m
stratigraphic section of dark brown clay.

The aim is to get a precise sample of the column
previously sampled by GS 1-5. Samples GS 8-15
constitute a complete column through the deposit taken
with a hand auger in a series of auger holes. The
staircase of holes is adjacent to old sample GS 5 in
the new exposure,

Top of section, 45¢m of pink plastic clay, with minor
sand 2-3cm at c¢. 20cm.

30cm pink plastic clay. !

35cm dark brown stiff clay.
65¢cm as above.

65cm as above.

45cm pink clay with sand at base.

clayey sand, mostly light grey, minor orange.
end of continuous section,
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FPREAMEL E

Ten clay =samples were supplied by Steck
Resaurces Pty Ltd with instructions for a “qulck-and cheap
appralsal®, this we have endevoured "to do within the

i1imitations and dictates of the material ltself.

The material is very unusual In that much of
it has a very hligh grganic content and it was evident that
thé;e was sgignificant sandy contamination, (it 1is not
certain how much of this {s inherent, and how much is due to
near surface sampling.) Because of this high and varliable
contaminaticon, {t was felt that to achieve some sort of
meaningful comparison, the samples should be examined only
after some level ot standard refining. The aspiratlions o+
the client, to satisty a ceramic market, to some extent

dictated the procedure, and it was decided to screen the

fully dispersed samples though 1504 prior to any physical or

chemical examinatian.



»oty

THE PROCEDURE

Each eclay was dispersed at 33% solids using
a low speed mixer and a polyacrylate dispersant at an
initial dose level of 0.4 %. In most cases this dose was
found to be inadequate and undispersed residue was further

treated in a high speed mixer with additional dispersant.

The clay slurry was diluted to about 15%
solids and screened though a 150# screen. The >150# residue
wasw;ried and weighed. The screened siurry was topped up to
& litres with water and thoroughly mixed before taking a 1
litre.éliquot. The I litre sample was sedimented at 12 secs
per millimeter depth to remove all +10u material and the
residue rediluted and sediménted a second time. The <1i0u

fractian of three clays was retained +for further

examination., The >10u residue was dried and weighed,

The remaining screened slurry was floculated

by adding hydrochloric acid and allovwed to settle for 24

haurs, After thits period, the supernatent liquid was

decanted and a sample of clay filtered on a Buckner vacuum

funnel,

The filter cake was cut Into 100mm strips

and dried. After drying the strips were measured to

.
!
£
i
&



ascertain drying shrinkage and weighed prior to firing.

Each clay wWas §ired at 1000 € and 1180 C and
the resultant strips measured and weighed to determine lasg
on ignition and £iring shrinkage.

]
The fired strips were Lthen boiled in water

tor one hour, rooled, dried, and weighed, to determlne

absarption.

A subjective assessment of colour was also

made.

Five selected samples were also sent for

"full chemical analysis.

t ——weﬂm — e



THE RESUL TS

. The results of the physical examination of
the samples are recnbded in Table 1 and ¢the chemical
analyslis of the five selected samples is recorded in Table

2.

Below are recorded a number of observations

made during the process of examination.
General Comments

The majority of the samples have a very high
organic content, this s distributed thoughcout the size
range. Some of the dispersed slurries showed evidence of an
oily +ilm on the surface, and in one case the >150# fraction
was actually smouldering after drying at 200 C !

Most of the clays are not very strong or
plastic, but this is almost certainly a function of the high
level of $ine sand present, as evidenced by high »10u
contents, The +finer fractions increased dramatically in
strength and plasticity,

As we were dealling with an unknown quantity,
Some procedures were modifled as the {nvestigation proceded,
and, although we have no ﬁontrol, some logical deductions

«Can be made from the varying results, Some of the GBS clays

- uﬁ_v..4pig.*q~__ v
Al
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in parti:ular-—cnntained some very tough particles which

: e.t s -
resisted dispersinn and, as - we proceded we trifed a number of

(J

. 'l." '_1:

methods ilﬁ e++ect better diSpersion. These methods varied
$rom rubbing these parti:les out manually to redispersiﬁg
them once Dr even twice in a high speed macerator. It may be
signi+1cant that the sample subjected tur the most vinlent

dispersion also gave the higheat <10u result.




HPLE NO.

GS51

652

552 A

553

.54 .

6us9

Ghb

657

CR1

Cw2

CR3

APPEARANCE

park brown with large
amount of humus
Dark brown clay
with soma humus

¢1Du +raction nt+ GS2

Light brown ciay
park brown tlay

with some humus

As above

Fine silica sand
Dark brown clay

Off white clay

Darlk brawn with large

amount of humnus
Brown Silt

DISPERSANT % +150%

DEMAND
0.43
0.42
C.66
0.53

0.74

31.40
11.90
11.10
22.00

34.20

% +10u

24.10

40.40

28,30
z8.680

d2. 40

53.00
66.30
22.60

24.20

% ~10u

4%,50
47,70
100.00
60, a0
49,20

33.20

4)1.40
32,80
45, 40

29.90

DRYIMG
SHRTNKAGE

4£.00

&.00

9.00

LOSS OM
IGNITION

13.48

18.93

14.47

19,40

146,71

FIRING
1000 C

sHRIMKAGE
1180 C

11,50

4.00

10.00

3,00

ABSORPTION

1000 C
50.%0
28,40
31,%0
54.20
4%, 40

61,350

23.40
24.00
43.80

24.20

1180 €

22.70

23,80 ‘044 white
22.20 Pal# creaus

TSR Ly i
34,80 White’ -Pale crean !
22.90 vhite Crean
%.30 Pale crean Butt
13.20 Drange Drange

19.%0 D4+ white Pale cream

L10LED
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SAMPLE NO.

DESCRIFTIOM

-150# fraction
As above, fired
to 1000 C

-150d fraction

~10u #raction

;ISOH feractian

53102

&1 .40

70.90

S5.40

[V}
(L]

.70

&4.00

/12083

19.20

14.%0

27.10

21.10

o
(]
~3
o)
[
QN
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DISCUSSIANM

We will divide this discussion 1ptn two

mections, firstly dealing with the GS series of samples and

then with the CR serles. Sample number GS4 is excluded 4rom

these comments, being a very fine sand with an almost total

absense of clay.

The G clavs

The GS clays are all very high in organic

content, which explains a number o0f very high losses an

ignition. This 1is not a disadvantage for ceramic use as it

villl burn away totally on +firing. However the very high

level ot +{50# {s a drawback as it will regquire very large

Streen areas to be installed by the customer {f the
intention is to supply crude clay to the factory. The 1504
problem is exacerbated by the problems with dispersion as,
although it is believed that much of the material reporting

as 150# is In fact undlspersed clay, the level of pauer

input required +to disperse this would again be beyond the

practical limits for a commercial producer.

Having made the above reservatiaons, the

remaining properties are, for the most part, ideal for a

Broducer of white tableware, Flired colour la good to



437020

excellent, and such factars as shrinkage, and absorption all

within an acceptable range.

As much of the sampling was at surfaée the
150% problem may have been exagerated both by concentration
and Cﬂntamidgkian and the sample described as a siatigraphlc‘
section, GS7, having the lowest 150# level aof all ,seems to
confirm this, '

In general we wc&ld expect levels o+ S%
greater than 150% to be acceptable ta the market and some

‘more intensive sampling will be required to determine 14

this {s achievable.

P As far as producing a processed clay is
cancerned, these clays have a number of possibilities. From
our assessment to date, far example , most of the GS samples
could be refined to yield a materlal competitive with a
number o+ existing commercial clays. This comment being
based solely on the fired colour and general range aof oather
properties. At what level they could compete depends to a
greaf extent an the chemistry,

Reference to Table 2, Indicates that,

themically, these clays are typical ball clays with

relatively high iron and titania contents. This {s likely to
limit their ceramic use to such applications as domestic
whiteware. They would not be suitable, for example %cr the
export porcelain market. Other significant features are high
potash which will contribute tg vitrification and save some
felspar cost to the user, and high magnesium, this may

signify the presence of plastic montmari{llanite, or may
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The CR clays

The CR <clays are not encouraging, having
poor fired colour and, apart +rom CR!, being heavily
contaminated with grit,

Sample CR1 was exceptionally low in grit and
had the vwhitest wunfired appearance of all the samples. It
was the only CR sample sent for chemistry, Meither the fired
properties nor the chemistry fulfilled the initial promise.
The clay was very high in free silica, with high iron and
titania, the +fired colour was not good. The only positive
tharacteristic was the degree of selt vitritication due to
the high alkalis, I+ this material were next door to a tile
plant it might have a +uturé, but in its present location it

can be eliminated along with the rest of the CR samples seen

to date,.
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Marafield PAGE 1|

]

FREAMBL E

Some preliminary studies indicated that
clays discovered by Savage Resources had qualities which
could make them suitable for the production of calcined clay

pigments +for the paint, plastics, rubber and paper

industries.

e

Further Wwork was commissioned to confirm
this using larger, representitive samples #rom the "GS"

range of clays, During the course ©of this work, some

parameters would bhe established +for the required process
route,

This document, in two main sections,
describes the process route established to date, and the

“products” resulting from these processes.




937024

Marafield PAGE 2

'PROCESS DEVELOPMENT

The starting point for thé. process
development study was data available to us on some American
practices in this area. The Tasmanian clay had a number of
+eatures which suggested that it might behave in a similar
way to the American equivalents.-

e In general, the reguirements of the process
viere. -
1) To #ully disperse the clay to result in a 10% to

20% solids slurry. In earlier work, dispersion was found to

be a problem.

2] To then cut the clay at a suitable particle size
to redure the free silica to an acceptable level and tag
remaove all coarse particles, which would interfere Wwith the
intended end use,.

31 To dewater and dry the refined product.

43 To mill the dried clay to a fine powder,

S5) To dehydroxylate the clay using a controlled heat

process. (This would élsc burn out the dark organic
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Marafield ' PAGE 3

staining.)

4] To again finely mill! the calcined powder.

21 To air classity the powder to remove any oversize

aggregates,

1] DISPERSION

iIn view ot the difficulty in dispersing these clays
during earlier studies, it was decided to increase the
solids level to S0% and use ammonia tp raise the pH to 9 to
10. A polyacrylate dispersant "Carybon" was also used at a
dose rate of 0.5%

The dispersion was carried out in a 0.37 KW, high
speed blunger =o as to have a power imput of 25 KWHrs per
tonne.

Under these conditions dispersion was relatively easy
and a very fluid slurry was produced. This slurry was
diluted to about 12.5% solids before +further processing.
{Subseguent mixes were made at even higher sclids, up to 70%

and these higher levels are recommended.)

21 REFINING

In previocus work initial cuts were made at 100

microns and the effect of cutting at 10 microns was
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Marafield PAGE 4

examined. The silica level was significantly reduced at the
finer cuty, but was still considered tooc high for pigment
produ:tinnf fnr the current study it was decided to Ilower f
the cut point again to 5 micrens;, and this was achieved
using a "Mozley" 25mm cyclone +fed by a 37mm centrifical
pump.

The system worked well, but would be better in

practice if a staged system were used. This would improve

recovery which we estimated to be 30% using our system and
35% using a staged system.

” The fine product was cbllected in large plastic
drums and the underflow, a combination of extremely fine

silica, clay, and organics was also collected and 1is being

held pending any decision to examine or dump them.

31 DEWATERING

The +ine product slurry was acidified to pH 5.0 to
cobagulate the clay to assist settling. However the
aggregates formed were too small to promote effective
dewatering and would have certainly caused problems in later
filter pressing.

The use of a long chain anionic +leoeulant (Alfloc

627) at dose rates of 400 ppm was extremely effective,
forming large +flocs which settled rapidly, and enabled

slurry densities of 25% to be achleved.
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3al FILTER PRESSING

This is very much a trial and error process, as it
iz impossible to predict the ultimate bulk density of the
filter cake'or its moisture content. The samples were taken
in numerical order, the +firat trial, on sample G$ 30
resulting in an underfilled press which had to be iépped up
witﬁ GS 31. Further pressings gave no trouble and produced a
4irm;” handleable cake. None of the common problems such as
excessive pressing time, sticky cakes and +iltrgte losses,

nccured during the trials,

3b1l DRYING

After a number of trials, involving drying,
extruding, and milliing in various sequences, it was decided
that the material was most easily handied in the following

wWay: -
a) Dry the +ilter cake, either whole or in large
pieces,
b) Crush the dry cake to minus Smm. (We actually
used a modified industrial mincer for this process.)

41 MILLING

In practice either a Hosakawa or Bauer pulveriser

\
{
=)
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would be used for this purpose, but these £ypes cf machine
are not available at a small enough scale for this
excercise. We simulated the effect by using two passes
through a disc pulveriser, which, we feel, does not achieve

the same degree of fineness,

51 CALCIMING

The production calclining technique is very complex
and concentrates on ensuring no hot spots, which produce
abrasive particles, and also introduces a mixing action as
the clay cascades though the.kiln. At this stage we can only
static calcine and canﬁot introduce the degree of thermal
shock inherent in the high temperature gradients used 1in
practice. (See accompanying graphs.)

Calcipation trials were carried out under heavy and
light oxidation and mild reducing conditions at peak
temperatures ranging from 50 C to 1080 C. As a basis for
comparison, all the samples were +Fired at 1030 C and

reflectivities measured.

6] RE-MILLING

Again two passes though a disc pulveriser were used

and +fineness checked. Due o a number of reasons the
material was too coarse and a purpose designed air

classifier was built to separate the product.
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73] CLASSIFICATION
]

This process was introduced to remove particles in
excess of 20 microns and produced a consistant fiﬁe product
which could be used for reflectivity measurement. It
consists of elutriating the powder {in an air stream and

collecting the fines in a filter bag.
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THE RESUL TS

The aims of this phase of the project were!-

1] To establish whether the Tasmanian clays were

suitable for the production of calcined products.
i 2] To identity any dif+erences between the samples

-supplied.

3) To carry out preliminary work on establishing a
production route.

41 To produce some pigment samples for testing by
the paint industry.

5] To recommend a definative route for the

develaopment of a viable project.

The results will be discussed in two sections, the
first relating to the clay potential and the second to the
actual process. Both carry recommendations for the next

phase.
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THE CL AYS

The samples received fell into two visual
categories, samples GS 30 to 33 were very dark in colour
with a strong peaty odour, samples 34 and 35 were of a pale
buff colour with 1less o©rganic odour. Where, Jor various
reasons, any samples were ccmbined, only thpse of the same

visual type wern used,.

None of taie samples presented any particular
prchiems and their behaviour was exiremely uniform despite
th~ir super+t+icial differences. Trials on recoveries vyielded
very similar +figures and we expect a level of 30% recovery
prior to calcining to be normal with a +futher 1loss on

ignition resulting in an overall product recovery of 25%.

We think that the retining residue would be capable

of retreatment to produce a good ceramic raw material, but

" this would be the subject of a separate study .

The clays are extremely susceptable to slfght
variations in calcination conditions, and we do not believe
that these have yet been optimised. However under identical

conditions the varipus samples vyielded the following

reflectivitieg:-
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SAMPLE BRIGHTMESS YELLOWNESS

GS 30 N/a N/a

$68 30/31 772.6 8.7

GS 31 75.1 10.2

GS 32/33 Z25.3 7.5

55 34 81.3 6.9

G5 35 77.3 8.9

GS 34+% 81.7 8.3

ACCL Accfine 80.7 7.8

Note:!: GS534% was fired at a lower temperature at high speed

The Accfine sample is for comparison.

The work to date indicates that the colour of clays is o+t
little use in predicting final brightnhess, but we are also
aware that colour responds to calcination conditions and the

optimum may not be the same for all types,.

Chemistry appears to be the most significant factor in
determining final calcined colour with iron and titania
being the most important. With the process envisaged here,

we feel that {iron is the overriding contributor to fired

Yellowness and some wayatem=s 4or reducing it should be

examined. The included table givea ful} chemistry.
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The chemistry indicates some quite large variances between
samples, with iron levels from less than 1% to more than 2%
and titania varying from 0.8% to aver 2% In general the
chemistry is very similar to earlier samples, and the
a]uﬁina levels (especially after calecining) are very stable.
On the basis bf the work to date, it can be stated that feed

for pigment production should be selected on the basis of

low titania and irpn levels.



CHEMISTRY OF SAMPLES

REFINED
SAMPLE NO 5ig2 A1Z03 FeZ203 Ca0 MgOD Naz0 K20 MnOC Ti062 L.o.I.
3534 45.10 21.30 1.00 0.03 0.2% 0.1% 3.40 0.01 1.20 2&6.80
GS324 52.60 27.50 0.%8 0.03 0.76 0.18 3.60 0.01 ‘0.77 13.50
K//};9~6535- 49.20 28,20 - -~ 2.0% - 083 — - 1086 T TTULLY 3.70 - -~ -Q.OL— 2,10 _12.80
h%ﬁpw~& GS3Q/34 46. 460 23.80 1.049 g.04 Q.82 0.18 3.60 0.01 .20 22.70
WA A - .
GS32r33 45.00 21,60 0.98 g.04 0.74 - 0.18B 3.30 0.01 . 1.00 24,20
GS32/33 45.50 22.10 0.90 0.05 Q.67 0.1% 2.%90 0.0} 5‘0.90 26.80
(bleached) :
CALCINED
G531t 4a1.61 29.37 1.37 0,04 1.08 0.246 4. 44 0.01 1.4649
G834 &60.81 31.7% 1.13 0.03 0.88 0.21 4.16 0.01 0.89%
M U — (G835 57.22 32.34 - 2:35 003 . 1.22 0.22 4.2 B QL 2y R
G530/31 &0.28 30.7° 1.35 Q.05 1.08 Q.23 4,46 .0t 1.55
G6532/33 é62.33 29.27 1.33 0.05 1.00 Q.24 4,47 0.01 1.36 o
- & |
GS32/33 62.16 2 Z2+<87 1.23 0.07 0.%2 0.24 3. 96 g.01 1.23 ) -3
(blearched) ~
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'
THE FPROCESS

The pilot plant studies have aimed at reproducing
the ;ystem used in America for the productipn of clay based
pigﬁénts. However, from the cost point of view, it was too
early in the project to consider using any purpose designed
equipment énd the simulation has been carried out using

L]

available plant together with some fabricated modifications.

"ALL OF THE DIFFERENCES IM THE PROCESS ARE LIKELY TO

CONTRIBUTE TO A WORSE RESULT THAN WOULD BE ACHIEWVED IN

PRACTICE.

The dispersion technigque used was effective, but we
viould like to achieve a higher work input to ensure that all
the available +ine +fraction 1is recoverable. For pilot
purposes this would involve modifying the existing mixer to
handle smaller volumes of material at higher solids. In a

production unit we would aim for a wark input of about 40

KWHrs per tonne.

The refining technigue used to date §is crude and
somevihat inefficient. In practice the process would require
a8 second stage comprising 10mm cyclones and a scavenger
stage ta reduce losses to tailings. This can be simulated,

but the sample size avallable did not allow a more

- TooEemmmTOIARERT

0

o e
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sophisticated approach. In view of the high level of
relatively coarse organic trash, we would also introduce a
number of screening stages into the circuit.

B ]

The AEwatering and drying processes used also
differed from the American practice, in that the clay was
pressed in the floculated state rather than being directly
spr;y dried. Our experience with small] scale spray driers
has not been happy and simulating this.phase is a prablem.
It is possible that by employing a drum drier {(which would

have to be fabricated) that a direct dried, dispersed clay

" could be produced.

Milling was not a major problem but could probably
be improved by using a small attritor mill (this could also

be use for the final milling pf the calcined product.)

Calcining is wvery dif+icult to simulate as the
American process uses a Herreschoff kiln which contains a
series of trays mounted on a vertical shaft and the clay
tascades through a temperature gradient in about 35 minutes,
it is then flash cooled. (See earlier graphs). To come close

to this process would invalve us in fabricating a small

scale unit using high grade stainless steel and insulating

fibre blanket.

Secondary milling presents no problem.

Alr classification can be relaﬁivoly easlly
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simulated, we already have a serviceable unit which we will

be making more flexible.

The accompanying #low diagram shows our best opinion

as to a ¢{nal process for full scale productian.

i B ——
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f
t
THE PIGMERNTS

- The table of reflectivities indicates one of the
mos@ important properties of a mineral based pigment. 1In
geﬁefal the results to date have shown that brightnesses as
good and better than existing clay extenders can be
achieved, but these are still 4% 1lower than imported
:;}cined clay pigments. The high vyellowness #figures are
encouraging, as it is <frequently possible to modify such
pigments to increase brightness. Factors contributing to
improved brightness are, +iner particle size, better
controlled calcining, and chemical iron reduction.

In other respects the pigments produced to date are
toa coarse,( a function of process rather than feed), and as
a result of higher bulk density than is normal. However the
density of 0.3 tonnes per metre lies between that aof a clay,
0.4 tonnes per metre, and a pigment, b.23 tonnes per metre,

Although we would be happy for a small sample to be
examined by a paint manufacturer for comment, we believe

that pigments of far better quality are praduceable ~from

selected feed,
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FROPOSED FROGRAMME

A number ©0+f areas ranging from reserves to market
now need to be examined.

Firstly some reserve needs tp be established and we
believe that this can be done on the basis at iron and
titania. A number of auger drill holes will be required with
chemistry on each | metre increment. The aim shauld be to
establish a wminimum of S00,000 tonnes of low iron/titania
clay. The areas mast promising at presant are those
comprising samples GS 2 (first serie=) and GS 34 , GS 32 and
33 also look interesting.

Secondly the market now needs gloser examjnation. A
study should be carried out of market size, paint, rubber
and paper, +for pigments and of the {nvestment casting and
insulator industry as potentially markets +or oversize
mateTial.

Thirdly some further small s=scale work should be
carried out using existing material , to optimise the
ctalcination temperature and investigate chemical reducfinn
of iron which could effectively bring unsuitable material
into reserve. It might also be wuseful at this point to
examine the residues with a view topo producing further

saleable products. We would Particularly like to investigate

thelr use in white caasting slips,
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after the completion of this work consideration
should be given to the production of one tonne of pigment
from the jdentified reserve for market sampling 5uth here
and bverseas.

Gnly after the completion of these phases should

detailed plant design commence.



i
b
<
&
&
o]

Comparison of American and Pilot Run

Temperature Frofiles

Degrees'centigrade

1160

‘Sp@

F—-
——

USA

Pilaot Run

4 Hrs

-



M gtk 7, e T Il it A e o i b 2,781 G Lo - - i X

SCHEMATIC FLOW SHEET =~

DISPERSION
60 KW
I
 DISPERSION
- 40 KW
----- Ymmmmmm e

H 50 mm cyclone «=-~2--

:———< ————— 10 mm éy:lnné
Spraylnrier
Baue: Mill
Herres;hn++ Kiln
Fnuematic c;nveynrlcnnler
Ba;ger

937042

-=-- Tail




World kaolins

937043

(Genesis, exploitation, and application

by Colin M. Bristow*

The mineral kaolinite is one of the commonest minerals in the
uppermost 10 metres of the continental erust, ranking in abun-
dance alongside minerals like quartz, mica, feldspar and calcite.
Only very exceptionall§does it possess all the necessary proper-
ties needed to make it worth commercially exploiting.

The terms “kaolin” and “kaolinite” are derived from a locality
known as “Kau-ling”, in Jiangxi Province, Peoples Republic of
China; where samples of a white clay used by the Chinese to
make porcelain were first obtained by Eurcpean missionaries
and e'{plorers in the eighteenth century.

Kaolinite s the mineralogical name for a white hydrated
aluminium silicate elay mineral, and the term “kaolin” is applied
to a product principally composed of kaolinite {or in some cases
halloysite}, which is produced from a mineral deposit cont.ammg
significant quantities of kaolinite. The term “‘china clay" is used
for kaolin produced from the primary kaolin deposits of South
West England.

Clays containing kaolinite as the principal constitutent may be
used in an as-dug form, for example, to make bricks or ceramic
products; or they may be refined to remove the coarse fraction
or other deleterious minerals. Most statistics refer to refined
kaolin production which world-wide now amounts to just under
20m. tpy, worth in excess of $1,000m. a year.

Most commercial paper kaolins are sold on the basis of their
physical properties, such as brightness, particle size distribution
and/or rheological characteristics; ceruamic kaolins depend on
'voth their physicul and chemical characteristics.

IMmeralogy of kaolin deposits

A commerciul kaclin can be composed of either kaolinite or

tlloysite or 4 mixture of the two, together with smaller amounts

f minerals such as mica, quartz/cristobalite, feldspar, alunite,
'mectite and various forms of iron and titanjum oxide.

Laolinite

Iaolinite is always fine grained and normally occurs as crystals
anging in size from a fraction of 4 mieron up to several hundred
icrons across. The structure of kuolinite shows it to be compos-

ol of a tetrahedral sheet (3i,0,,) linked to an octahedral sheet
l—\l .0, (0H),) to form a single layer. The relatively weak bonding
ctween the layers gives the mineral a platey character when
'ewed under the scanning electron microscope. The SEM also
yws that kaolinite oceurs in a variety of forms ranging from
imll pseudo-hexagonal plates randomiy ortented, through small
acks of plates, to large curled stacks of plates with individual
ates having an irregular outline. Within the erystal lattice
lere muy be a degree of disorder, notably in the b-axis direction.
vrierally speaking, fine grained kaolinites furmed under low
mperature dizgrenetie conditions tend to be disordered and

v et s Chuet Geudiogrst with BOU Diterpatinad Tal, S Austoll, Camwal, UKL
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huolinites found in massive hydrothermal deposits tend to be
well ordered. The particle size distribution and particle shape are
two of the most important characteristics which conirol the
rheological properties of clay/water mixtures, interlaying of
other clay minerals such as illite in the kaolinite crystal can aiso
affect these properties. The presence of iron, either in the
kaolinite lattice, or as un oxide coating on the kaolintte, is a bad
feature, because of its effect on brightness, both raw and fired.
The overall composition of kaolinite is Si, Al, O, ,(OH), or, ex-
pressed as oxides, it is $i0, 46.5%, Al,0, 39.5% and H,0 14.0%.
The ¢rystal structure is generaily resistant to attack by most cor-
rosive fluids, so that kaolinite can be regarded as an irert white
powder which will not reaet with most mediums in which it is
placed, which is another important commercial property.

Figure 1. Kaolin stack.

Halloysite

The commonest form of hallovsite has the same composition as
kaolinite, but there is a rarer form which has an additiona! sheet
of vriented water molecules between the luyers. On heating to
100°C this water is lost and the composition reverts to 4 normal
kaoliniteshalloysite. The appearance of halloysite under the SEM
is quite different to kaolinite and it is usually in the form of
tightiy rolled scroll-like tubes. In eertain cerumic applications
halloysite has advantages, but in most other uses its presence s
neutral or disadvantageous.

Other minerals

Generally speaking the purer the kaolinite the better it s Par
ticulitrly dizadvantageous minerals are the oxides of ron and
titanin which colour the clov and redice fts brightnes<. T
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silicu can cause abrasion problems in paper applications.

Micas and feldspurs may have some influence on the
rheological, brightness, and abrasion characteristies. Smeetite
can cause severe rheologicul problems in a paper-making context,
because of its effect on viscosity, but in some ceramic applica-
tions may be advantageous because it increases strength
(modulus of rupture). Alunite is a nuisance in ceramic applica-
tions because on firing it decomposes and releases H,30,.

4

Genesis and classification of kaolin
deposits

The genesis and elassification of kaolin deposits has been the sub-
jeet of many papers (Bristow, 1980; Kuzvart, 1984); two broad
divisions ¢an be recognised:

Primary~Kaoling
Secondary Kaolins

Primary kaolins are developed in situ by the alteration of
minerals such as feldspar or other aluminium silicates to
kaolinite, and secondary kuolins are laid down as sediments,
usually in fresh water.

-

Primary kaolins

The classification of primary kuolins has been conventionally by
their mode of origin (Bristow, 1977):

Weathering
Hydrothermal
Solfatara

The disadvantage of this classification is that in many cases there
is consideruble debate over which process has operated and in re-
cent years it has been realised that many deposits have
originiuted by a combination of processes (Bristow. 1977).
However, let us look ut the processes which operate in each case.

Weathering is a4 ubiquitous phenomenon, but it operates at
maximum intensity in hot, humid tropieal climates. 1n present
day equatorial regions which have a high rainfull the decomjosi-
tion of feldspars and other aluminium silicates in granites und
metamorphic rocks can be rapid, und even other clays and shales
can alsv be guickly altered to a mixture of kaolinite and quartz
(Loughnan. 1969). We may look upon the process as essentially
the hydration of anhydrous aluminium silicates accompunied by
the removul of alkalis viz:

Silicu  Potash

Potash Feldspar ‘Water Kuolinite

2K2AlS1, 0, +3H,0=A1,8i,0,(0H), +48i0. +2KOH
[Nite Water Kuolinite Potash
2KALL(ALSI)O,,(OH), +5H,0=3A1,8i,0,(OH), +2KOH

The depth of alteration can vary from u few metres up to one
hundred metres in exceptional circumstances. Iron-beuring
minerals such as biotite mica lose their iron during the process
of alterution and this released iron normully colours the altered
materiul brown, yellow, pink or red, which makes it commereially
of little vulue except for luw value uses such as bricks, tiles znd
druinage pipes.

If the alteration invelves particularly intense leaching, the pro-
cess can move a step further and after the removal of all free
silica in the matrix the kaolinite itself can be desilicated to yield
une ul the minerals of the bauxite group. viz:

Witer
-H 0

Silica
2800

Kanlinito
Vom0

Gibbxite
=2 NUOD

However, under these circumstances the bauxite layer is usually
underiain by a “pallid zone” which is dominated by kaolinite,
Nearly all commercially exploited bauxites are underlain by
kaolinitic clays, but most are too rich in iron oxides and other col-
oured minerals to be worth exploiting commerciatly.

Figure 2. llomid  Briza,

boriferons Arkose.

In past geological times, especially in the Eocene and Oligocene
(between 35m. and 35m. years ago), the Earth’s climate was
much warmer and deep lateritic weuthering took place at
latitudes of up to 50°. Sometimes these ancient weathering pro-
files are preserved beneath a layer of luter sediments and may
be used s u source of commerciul kuolin. Still older weathering
profiles, of early-Mesozoic age (around 100m. years ago) form the
kuolin depuosits exploited in the Crimean urea of the USSR. 1f a
bauxite was in one of these ancient weathering profiles it may be
re-siljcated by circulating ground water containing truces of silica
to become neoformed kuolinite. This process appears to have
operatel in some of the Georglw/'South Curolina kaelin deposits.

Hydrothermal alteration simply means the alteration of rocks
by circuluting hot water. The heat may arise from the cooling of
a lurge intrustve mass, such as a granite, or it may arise due to
deep cireulation of water, or it may be due to heat generated by
abnormal  amounts  of  radiogenic  elements (high  heat
producing = HHP granites). Swprisingly it is probably the last
factor which is the most important, although to produce deposits
on the scule seen in South West England it is necessary to invoke
a whole series of events and circumstances. Permeubility playvs
an important role for, without fracturing andfor granulation, the
permeubility will not be high enough to allow fluids to circulate
through the roek and alter it.

Granites are by fur the commonest host rock for primary kaoiin
deposits und granites with a {ow or non-existent biatite content
dre especiully favourable, because of the effect of the iron releus-
ed from biotite during kaolinisation on the colour of the kaolin.

The china clay deposits of the St. Austell granite in southwest
England are the most spectacular example of kuaolins in 4 granite
zetting. This Variscan granite hus two micas — muscovite and a
lithium-rich mica. The latter muy well in part have been formed
by metasomatic alteration of original biotite with the iron releas.
erd being mopped up by boron-rich fluids to form tourmaline.
After a high temperalure hydrothermal mineralisation which in-
volved extensive gresenisation, tourmalinisation, and Sn/W/Cu
mineralisation, there followed the first stage of argillic alteration
which involved saline fluids producing a softened-up granite with
itlite and smectite, not unlike the argillic alteration in some cop-
per porphyvries. A luter prolonged period of cireulating warm
fre<h witter altered the =oftened up granite to the kaolinite
donumated clay minerul assemblipre we see toduy. The overall ef-
Gt o e adteration = sionfar fo weatherine with the feldspars
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in the granite being converted to kaolinite with some fine mica
and some of the primary mica dalso being altered to kaolinite in
the more intensively altered areas. The heut source for the early
stiges may well hive been mainly from intrusive bodies within
the butholith itself and for the second stage of aryiilic alteration
radiogenie heat from the abnormaily high uranium and thorium
cuntents of the granite.

High permeability wus maintained by regulur earth
mevements fracturing the granite in Mesozoie and Tertiary
times. no doubt partly retlecting the plate margin position of
southwest England. Some of the alteration may be partly due to
deep lateritic weathering in lower Tertiuary times.

Somewhat similar kaolin deposits occur in Bohemiu, but
weathering may be more important there. There are many
smallish deposits of kaolinised granite in Brittany and North
West Spain (Galicial, but these are not associated with HHP
granites and weathering appears to have plaved a much more
dominant role in their formation, although in most cases the
kaolinisation ean be related to zome undoubted hydrothermal
feature such ws 4 major Guartz vein ar group of veins. which must
have softened the granite up in some way.

[n some cases @ minor intrusive may be hydrothermally aitered
by fluids, pussibly heated by the presence of the intrusion itseil.
The Burella occurrence in northern Spain and the Suzhou kuolin
deposits neur Shanghai in China are examples of this kind of
leposit. Hydrothermal deposits associated with metalliferous

Iuiphule minerulisation frequently have some alunite present.

g
- ¥

e .d. Twm al chind rlag it i (”rmmu!i

i=m. In these sitpations a ple of acid voleanics may he

I by stewm or hot water, rich in sulphur, passing through
ks enronte o dischacge at the surface as stewm Jots, hot
ete, Deposits in the Mediterranean, in the Rome arca
"Lht- islaned of Milus, aee tvpieal of thia sort of wlteration.
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is of a size comparable to the kaolinite particles so that it is im-
possible to remove the silica by particle size classification, thus
making the product rich in silica, and abrasive. The main use for
these solfatara kaolins is in the manufacture of white cement
where their high silica and sulphate content does not cause
problems.

Secondary kaolins

There are a very wide range of types of kaolin found in sedimen-
tary rocks. We can broadly clussify these into three groups:

Sedimentary kuaolins (s. str.)
Kaolinitic sands
Ball elays, fireclays and flint clays

There are transitional types of secondary kaolin which link all the
above main types and we can identify three continuous seriecs
(Bristow, 1930):

1. Sedimentary Kaolins/ball clays ete.
2. Sedimentary kaolins/kaotinitic sands.
3. Ball clavs/fireclays/flint eluys.

Diagenesis plays an importans role in the genesis of many secon-
dary kaolins and some so called secondary kaolins such as
kaolinitic sunds may be produced in sitx by alteration of the feld-
spars in an arkosic sand by cireulating ground water. Further-
more weathering, especially in the tropics, can have a profound
effect in converting a low quality elay into a useful kuolin deposit,
s0 that in many cases kaolin deposits are both of primary and
secondary origin. Let us, for simplicity, consider the three princi-
ple types — sedimentary kaolins; ball clays, fireclays, and flint
clays; and kaolinitie sands.

Sedimentary kaolins

The essential characteristic of a sedimentary kaolin is that it
yields over 60% of kaolin product and that this kaolin product
is white enough, after appropriate beneficiation, to be used
in applications such as puper where unfired brightness is impor-
tant {an IS0 brightness of over 75 after beneficiation would be
considered the minimum acceptable brightness, see Tables 1 and
2}, The classic loculity for this type must be the sedimentary
kaoling in Georgiw/3. Carolina (Patterson and Murray, 1984).
Late Cretaceous and Early Tertiary sediments were deposited in
4 tidal flut environment. The sedimentary material originated
from deep lateritic weathering mantle developed fruom the
erystafline rocks of the Piedmant ermled ..ll"l(l tr.mapnrmci to the
eoastil environment, Hl fh I' WML cantionts fnomany of Tme el

BN tals SR bt ". e
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i!qu!‘é 5. Anglo Ameﬂcmr Georgia Sed Kaolin Washmgtmz
anrity.

e

rontents which were greatly redueed by prolonged weathering -

wlinite suggests considerable diagenetic development of

Rolinite has also taken place. There is evidence that some baux-

s were developed uas well and that in places these were re-
lnc‘\ted to bauxitic clays and kaolins.

Id leaching. The development of large vermicular growths of

T'he older Cretaceous kaolins tend to be whiter and.coarser
uned, whilst the Tertiary kaoling are finer grained, slightly
rey und have a range of other features which suggest they are
ving towards the ball elay end of the series.
lluat of the kaolin worked in Georgia and South Carelina ve-
in the form of lenses in a generally sandy suecession.
Other ureas in the world where similar sedlmentarv kaolins are
nd include Amuzonia, where there are extensive late Tertiary
l vs which in almost every case have been modified by having
auxitic weathering profile superimposed on their upper part.
some cuses the bauxites are sufficiently well developed to
resent future potentinlly economic deposits.
lhe clusest analogy to the US sedimentary kiolins in Europe
the Eocene clays in the northern part of the Aquitaine basin
the Charente Departument of France. These, however are tran-
ohat towards ball clays and wre not really bright enough for
Im paper, which is the principal use for the US clays. Indeed

e of the Charente clays are true ball ¢luys and are sold as
h.

l clays, fireclays, and flint clays
e showerd ubove there is u progressive change from sedimen-
¢ kaolins towards ball clays in many areas. & true bull clay
y hus good fired brightness (say over 30 at 1180°C or
'OC] good modulus of rupture and good plasticity, which is
its combination of extremely fine-grained b-axis
rilered kaolinite and the presence of iilitic mica and certain
¢ components, see Table 4. Ball elays are mainly used in
‘;uc applications, where their special properties are of real
Ball clays are almost invariably laid down in fresh water
5 or river flood plains and are frequently associuted with

'mu% curious coincidence is that most are of
e/Oligocene age not only in Eurepe but in North America
ell; u climatic reason for this coincidence is likely.
of the reasons why ball clays are not often found in oider
‘tions than the Tertiary is that with a deeper and longer
4 ball clay will beeome lithified to form a non-slaking, non-
ic, shaly material, which is, in effect, a fireclay, Whereas ball
are associated with lipmites, fireclays are usually associated
iigher runk coals, reflecting the greater lithification of the
Lion. However, many fireclays huve compasitivns, notubly
rms of iron and titunda, which make them unsuitable for

Ilal Minerals July 1987

whiteware production because of poor fired brightness, and
many lignites have elays associated with them which are certain-
v not good enough to be regarded as commercial ball clays.

The term “fireclay” also has different usages in different coun-
tries, The term is of Anglo-Saxoen origin and refers to the clays
found in assoeiation with Carboniferous coals in Britain and the
eustern USA. Because the type of kaolinite in fireclays in
characteristic and distinctive (b-axis disordered), the term
“fireclay kaolinite” began Lo be used. Subsequently it wus found
that most ball clays contained the sume type of kaolinite. In Ger-
many this had the unfortunate result that any clay which was
used for refractory purposes and contained b-axis disordered
kaolinite came to be called a “fireciay™. at least in commercial
cireles. This includes a lot of material which most US and British
geologists would call ball clay.

The term “ball elay’” originates with the important ball ¢lay in-
dustry it Devon und Dorset, UK. In earlier times the clay was
worked by being cut out by hand in 1 cu. ft. cubes. In the course
of handling the plustic clay these cakes became rounded into
“balls”, hence the term ball elay.,

The deposits in Devon are of Eocene/Oligocene age and were
deposited as lacustrine or flood plain depesits in fault formed
basins. The South Devon deposits are associated with lignites.
These cluys are especially valuable for the production of high
quality tableware und porecelain and are exported all over the
world. The deep weathering which produced the raw material for
these ball clays was in response to a climate unlike anything on
this plunct toduy. The clays were luid down at about 40°-50°N,
und from pollen and other geobotanical studies we can deduce the
climate, wus warm, frost-iree, seasonal und extremely wet. Much
the same picture emerges for the main US ball clay producing
areas in Kentucky/Tennessee and Troup, Texas {Patterson and
Murray, 19%:4).

Figure 6. Bull cluy. 8. Devan.

The clusest prezent day analogy with the original depositional
environment of ball cluys is found in SE Asia where deep lateritic
weuthering mantle is developed on the higher ground and the
wenthercd muterfal is washed down onto lower ground where
the cluy material i trapped in paddy flelds, Chemical analysis of
this chiey shows it to have a similar composition to a ball clay, but
its mineralogy is guite different, with uibbsite, hulloysite and
some well ardered kuolinite as well as some malerial which is
bexst deseribed as Udegraded silicute luttice wreckage™. This s,
in effect. w olay which has nov undereone diagenesis, in the pro-
cess of which it can be expected that all the muterial will vonvert
to 2 umform musture of b-uxi= disordered kaolinite, illite, and
silica.

Fircclhys are widespread insaszociation with the Carboniferous
coul meusures of Western Furope und the castern e of the
USA. In previous times they were extenzively wsed S retrae-
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torfes, but this use has declined sharply with the move towards
basie oxygen steelmaking and higher duty basic refractories.
Opencast coul mining cowld provide vast tonnages of fireclays,
but most are nuw dumped along with the rest of the waste
material, due to a limited market.

Flint clays are special materials which, although principally
composed of kaolinite, are hard non-slaking rocks with a con-
choidal fracture. Most flint clayk are composed of comparatively
well ordered kaolinite with low iron and other fluxing com-
ponents. Generally they are highly refractory with PCE's in the
mid-thirties. When fired in a refractory situation they yield a
dense, strong material which is able to withstand a much higher
duty than any ordinary clay based refractory, which seems in
part to reflect important textural characteristics within the clay
and its fired counterpart.

Flint clays seem to arise in two different ways. Most of the US
examples (Missoyrd, Kentucky) seem to have arisen by prolonged
leaching and rectystallisation, so that the alkalis were largely
removed and the kaolinite formed large interlocking grains.

In Missouri the process of leaching has proceeded to the stage
where some di-silication of the kaolinite has oceurred leading to
formation of bauxitic minerals sueh as diaspore and boehmite,
These super heat-duty “burley” and diaspore clays are especially -
valuable refractory clays.

Some of the European flint clays, such as the lower Palacozoic
clays of the Oviedo area in northern Spain, appear to have been
farmed by regional metamorphism converting a clay, which must
have started out something like a ball clay, into & dense, hard
non-slaking material whick can be calcined to yield a material
similar to the US flint elays. Another important area of flint clay
production is South Africa, which is probably similar in origin to
the US examples.

By inereasing metamorphism a kaolin will be converted to a
slatey rock and eventually to a rock rich in Kyanite and an-
dalusite. In Finlund lower Proterozoic weathering mantle 2.3
billien yeuars old, almost certainly originally kaolin, has now been
converted by metamorphism to kyanite and andalusite which can
be worked to provide refractory materials.

Kaolinitic sands

In many parts of the world kaolin is extracted from sands which
have 4 kaolin content of less than 20%. Very often the accompa-
nying sand can be used for constructionul or industrial uses.

Some kaolinitie sands arise by the alteration of the {eldspar in
an arkose in sitw by percolating ground water; others were
originally laid down as a mixture of kuolin and sand.

Examples of kaolinitic sands are the Triassic Hirschau-
Sehnaittenbach occurrences in West Germany and the
Cretaceous sceurrences in Cuenca and Guadalajara provinces in
Spain. Other similur oceurrences in Tertiury and Curhoniferous
age are found in Poland und Czechoslovakia,

Many important oil reservoir rucks in the world are in
kaolinitic sands, notably in the Narth Sea. The diagenests of the
clay minerals in the sands plays a very important role in deter-
mining the reservoir characteristics and, us a consequence, have
been extensively studied (Johnson and Stewart. 1983),

Exploitation of kaolins

In view of the great diversity of types of kaslin depusit. the
following will describe the working of each type of deposit
separately.

Primary kaolins

Exploratien for primary kuulins bepins with o literature search
for suitable purent rock Lypes, such as leucogranites, in the area
roncerned. tocether with cny indications of extensive alteration
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Figure 7. Blackpool china clay pit in Cornwell — 140 fl dewater-
ing thickeners.

Source: F.CC Ineernativnal 1l

_geological analysis of the geomorphological characteristics with
especial attention 1o lineament intersections and “soft” areas
underlying the lower ground. This can then be followed by
ground survey work and a programme of gravity andfor resiz-
tivity geophysical surveying accompanied by limited hand auge:-
ing. Any samples obtained can be tested in the laboratory for
their commercial properties such as brightness, particle size
distribution, and rheological characteristics. In practise none o)
the ubove may he done because there is already a small elay pis
in the area which shows where the clay is and what kind of quaii-
ty is likely.

Evaluation of primary kaolins is usually the main exercis
which a geologist is involved in and it is usually accomplished !
the field by a programme of regularly spaced core drilling £
lowed by a detailed faboratory test programme to reveul 1
futlest details about the clay. Because of the difficulty in obuui:.
ing cores people are sometimes tempted to make do with auwm-
or percussion samples; in the opinion of the writer this is b
prictise and can lead to seriously mijsleading results, T
borehole and labaratory database can then be converted 1.
stutement on reserves and qualities by manual means or by U
use of u suitable software programme. This may be taken i
ther, so that 4 mining plan is also evolved as part of the sun
exercise,

At the same time as the drilling and laboratory testing =
going on, furge representutive samples of the clay mutrix ne
wl v | A -
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to be collected and brought back for pilot plant processing to
determine the optimum flowsheet und to examine in great detail
the behaviour of the clay in commercial applications, This must
be allied to a detuiled study of the marketing and distribution
aspects. [t is at this stage that most companies new to the kaolin
business make mistakes.

Exploitation is usually by either washing it with a monitor or
digging the matrix up and transporting it to a nearby plant
where it is slurried in a trommel; followed by sand removal using
spiral or rake classifiers, followed by hydroeclones andior gravita-
tional refining in large tanks. For coating clays centrifuges are
required to obtain the fine produet. Some simple means of
bleaching may be required, although this is by no means univer-
sal with primary kaolins. Dewatering, filter pressing, and drying
then lead to a product at 10% moisture or less. In recent years
the development of slurry shipments has tended to eliminate the
drying step. Very close attention to product quality control is re-
quired at every step of the production process (Pemberton, 1983).

Secondary kaolins

Exploration for seflimentary kaolins, kuolinitic sands and ball
cliys is best done by straight forwurd geological research and
mapping, although in nearly every case it will be found that a
small existing operation will give away the presence of the
deposit. Geophysical methods and photogeology are usually of
very little use,

Evaluation is similar to primary kuaolins, with « regularly spac-
ed core drilling programme and detailed laberatory testing being
needed. To save costs it may well be possible to open hole
through the overburden on top of the clay seam.

Exploitation shows many differences with primury kaolins. In
the cuse of sedimentary kaolins for use in the production of prin-
ting and writing paper, as in Georgia, the cluy is excavated from
a wide variety of locations which may be scattered over a large
area, arid taken to a central refining plant, this being possible due
to the high recovery of product (oa 70 -80%) in most sedimentary
kaolins. Primary kaolins have to have their plunt nearby as it is
uneconomic to transport matrix containing only 20%% product
ovir large distances. Thereafter the refining follows a similur
route, although there is usually more extensive colour beneficiu-
tion by flotation, selective flocculution, reductive hleaching, ox-

Table 1: Typical filler ciays
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idative bleaching and/ur high intensity magnetic separation. The
extra cost of all this treatment compensates for the lower cost of
extraction for sedimentary kaolins, Most sedimentary kaolins are
spray dried to a very low moisture content.

Ball clays, fireclays and {lint elays are excavated and used in
the as-dug form, so great care is needed to control the mining
operation, and blending of different qualities from covered
stockpiles is needed to ensure consistent quality. With the higher
quality ball clays and flint clays some underground mining may
be worthwhile as in UK, France, and Spain.

Applications for kaolin

The most important use for kaolin in terms of value is in the paper
industry. Kaolin is used in large quantities, 10m. tpa world-
wide, a3 a couting and filling pigment for paper and board. Many
grades of paper contain about 30 wt% mineral pigment of which
4 large proportion is often kaolin. The demand [or kaolins for
papet is till increasing although recent yeurs have seen a rapid
growth in use of alternative pigments such as caleium carbonate
(Clark 1986).

Pigments are used as fillers in pupers to improve optical pro-
perties such as brightness and opacity and to reduce costs by
replacing expensive chemicully refined pulp. Typical kaolin filler
grades are shown in Table 1. Fillers are relatively cheap and
must have acceptable abrasion and consistent optical properties,
Kaoling are preferred for acid sized (rosin) papers and papers
containing groundwood (or non-chemically refined) pulps,
whereas, partieularly in Europe, calcium carbonates are prefer-
red for neutral and alkaline sized papers.

Couting pigments are used to achieve a smooth, glossy surface
for printing. The requirements of gloss and certain specific pro-
perties to improve printed paper quality, and the rheoiogical con-
ditions involved in the modern, high speed paper coating process
all place strong demands on pigment properties. Coatling
pigments including kuolins need to have consistent rheologtcal
and optical properties and to give consistent coated paper pro-
perties. Typical kaolin coating grades are shown in Table 2.
Kaolins are preferred for high gloss pupers particularly
lightweight papers (used for mail order catulogues, maguzines
and nserts) and for papers printed by the rotogravure process.

Grade Grade C Arvors 208 Acne Pittong Alphatilt
Producer/Countiry ECCI(UK) Arvors (Franee) ECCI(USA) ECCT ftAustrali ECCI tBrazil)
+10 micron % 5.4 15 5 3 41
- 2 micron % 30 49 e 8 30
[SO Brightness* 81.0/3.5 82.7/6.7 32.4/7.0 30.4/9.5 81.6/8.2
Si0, 472 13 16 47 %
Al O, 374 37 35 38 39
Fe,0, 0.96 0.79 0.39 0.52 0.52
TiQ, ) 0.14 0.09 1.5 0.63 0.04
Ca0 0.11 0.04 0.08 0.03 0.0
MgO 0.18 0.2 0.10 0.1 0.06
K.0 1.41 1.3 0.42 0.16 0.94
Nu,0 0.07 0.05 0.20 0.11 0.17
L.O.1. 12.3 12.3 134 13.7 13.5
Kuaolinite 90 349 93 97 95
Mica 9 8 3 - 3
Quartz 1 2 — 1 TR
Folitspar - 1 — - —
Anatase — - 1.5 1 -
Geological Kaolinise Kaolinized Sedimentary Kaolinised Kaolinised
Environment Grunite Granite Kaolin Grunite Granite
(hvdrothermal) {weathering/ {weathering) {weuathering)
- hyvdrothermal)
R0 Brrhtnesses are about 1-2 units lower thun the GF briphtnesges widely zed in the U5

S English China Clays, Products for the Paper [ndustry — Test methmls™.
Al results from ECCY Laburatories,
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Table 2: Typical coating clays
Grade - SPS Alphacote Betagloss Amazon 88
I Producer/Country ECCI (UK} ECCI (USA) ECCI (USA) _ Caulim da Amazonia
‘ {Brazil)
-2 micron % 78 89 94 97
IISO Brightness* 85.6/4.4 BR.4/4.5 B4.7/6.7 85.4/6.0
Viscosity™® 69,7 74.5 74.0 T4.4
Si0, 47.2 46 45 46
Al,O, - ¢ 376 39 38 37
I Fe,0, 0.68 0.58 1.0 1.8
TiO, 0.04 0.53 1.6 0.98
Ca0 0.08 0.04 0.06 0.02
MgO 0.2 0.04 0.09 0.07
I K,O 1.39 0.07 0.13 0.0
Na.0 0.08 0.18 0.29 0.08
L.O.L g 12,7 13.9 14.0 14.3
Kuolinite 93 100 99 99
I Mica 7 — — -
Quartz r.' Tr - - —
Feldspar — - - —
Anatase — Tr 1 1
I Geological Kaolinised Sedimentary Sedimentary Lateritic
Environment Granite Kaalin Kaolin Weathered
{hydrothermal) Sedimentary
Kaolin
I *13(} brightnesses are ubm.:‘t 1-2 units lower than the GE brightnesses widely used in the U.S.

For brightness and viscosity measurement methuds see "English China Clays, Products fur the Paper Industry — Test Methods™.

All results from ECCI Laboratories.

Ceramics

The ceramies industry includes many different sectors;
tableware, sanitaryware, wall tiles, floor tiles, electrical and in-
dustrial porcelain, ete. A wide range of different formulations are
employed, with different firing conditions. Thus tableware can be
produced as high quality bone china, as reduction-fired hard
porcelain, as a variety of other vitreous products including
aluminous porcelain or as porous earthenware. Other sectors
such as tiles also cover a range of produet types. The ceramics
; industry also uses a wide range of making und shaping methods,
from plastic making to casting and dust pressing.

The majority of white coloured ceramics contain china clays
and ball elays. Both are selected for consistent chemical composi-
i tion, so that the firing and vitrifying characteristies of the body

do not vary, and so that the brightness and translucency of the
fired ware is satisfactory. [n addition, the clays contribute to the
green strength of the ceramic body, and to the plastieity and
casting behaviour. Choice of a particular combination of china
clay and ball clay will therefore depend upon the production
metheds employed as well as the finul properties required. The
properties of the clays avuilable may modify the way in which
they are used. The high organie content of some ball clays con-
tributes to good casting behaviour, and modifies the defloe-
culants that are required in the casting process. The biack colour
1 burnt out in firing, provided adequate time is allowed.
Tahte 3 shows the properties of a runge of ceramic clays from
around the world, and Table 4 shows a range of ball clays. The
erumics industry can make use of a much greater number of
elays thun can be used by the Paper Industry, and cheap local
tlays cun often be used in combination with more consistent
Materiuls, not always with the best of results, However, in-
dustriai practice has coped with many differences. American ball
clays tend to be coarser than their European counterparts, and
My lead to formulations containing more ball elay and less kaolin
I American compared with Europe.
Hulloysitic clays huve also been used in some applications. A
few hulloysites huve been identified with good fired brightness,
and these have been used for porceluin manufucture, often in
“mbination with kaulins.

b Nhreegis ity 19R7

Refractories

The use of clay-based refractories has declined substantially in
recent years with the switch from open hearth steelmaking to
basic oxygen steelmaking, notably in Japan and Western
Europe. Higher duty basic refractories, notably those based on
high purity magmesia, have tended to take the place of clay-based
refractories. However, clay-based refractories with an enhanced
alumina content, have maintained their position in the refrac-
taries market. The special qualities of flint clays have also en-
sured that they maintain their position in the market. This has
meant that the markets for low and medium quality fireclays in
Western Europe have declined sharply, whilst in the USA 4 con-
tinued demand for alumina enriched refractory clays and flint
clays has continued to exist.

Whilst quite large tonnages of flint clays are used in North
America, its place in Europe is taken by culcined ball clays
(*chamotte”™) and, to a lesser extent, by calcined fireclays.

The properties of some typical fireclays, flint clays and chamot-
tes are given in Table 5.

Refractories used in other industries such as kiin furniture fre-
quently consist of cordierite based materials. These ure produced
from china clays and tale, with suitable calcined grog.

Paint, rubber and plastics

Fillers plan an important role in many paints and polymers.
There is much greater variety in the nature of the mineral fillers
used by these industries, however, and carbonates, tale, mica,
and a variety of other silicates are competitive. with clays.

In paints, kaolins and caleined kaolins are used us extenders
mainly in alkyd undercoats and in water-based paints. The scat-
tering power of these extenders contributes to the optical pro-
perties of decorative paints — hiding power, opacity und
whiteness — while the range of particle sizes and shapes enubles
the physieal properties of the paint film to be influenced. These
properties include surface finish (matt or gloss) scrub resistance,
permeability, ete.

In plasties, and in rubbers, fillers are used in a variety of ways,
Fine kaolins and ball clays provide some reinforcing pruperties
in rubbers. Clays ulso affect permanent set and colour. Caicined

25
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Table 3: Typical ceramic china clays

Standard Remblend Zettlitz 1A Pleyber GX Burella 201 Cyprucast
Grade Purcelain KSNP
Producer/Country ECCI (UK) ECCI(UK)  (Czechoslovakin) ECCI/France) ECESA (Spainy Cyprus [M (US)
+ 10 micron % 2.2 17.6 7.3 6 — 174
- 2 micron % 0 39 67.5 61 39 57.6
Modulus of Rupture
Keflem! 14.0 5.0 14.3 10 114 : 4.0
Casting Concentration % 63 65 59.8 65 63.2 T0 app.
Casting Rate 0.35, 2.0 (.46 2.0 1.95 1.4
Fired b'mess 91 86 894 91 91.3 90.4
1180°C  Absorption 15 18 168.7 19 19.6 16.1
Contraction 9 7.0 7.9 8 5.5 6.3
Fired b'ness 28 87 914 89 922 - 37.8
1280°C  Absorption 6 9 12.5 10 15.0 13.7
Contraction 14 11 10.9 12 7.5 10.4
Si0. 47.9 48.1 47 43 51 46
AlLO, 37.2 36.7 37 36.8 36 38
FPe.O, 0.68 0.93 0.88 0.72 0.72 0.47
TiO, -~ 0.03 0.05 0.17 0.36 0.02 1.6
Cal - .07 0.05 0.43 0.18 0.05 0.05
MgO 0.27 0.3 0.43 0.06 0.23 0.09
K.O 1.59 1.92 0.94 1.76 ' 1.3 0.16
Nu,0 0.08 0.08 6.09 0.06 0.03 0.10
L.Q.L 12.3 11.7 13.3 121 11.3 13.6
Kaolinite as 87 89 89 T4* 95-97
Miea - .9 12 10 9 20 2-3
Quartz ’ ) 1 1 2 6 1
Feldspar 1 Tr — - - -
Anatase - — - -— — 1
Geologieal ' Hydrothermally Hydrothermally  Weathered Weathered = Hydrothermall  Sedimentary
Environment Kaolinised Kaolinised Hydrothermally Hydrothermally Weathered Kaolin
Granite Granite Altered Granite Altered Granite  Felsite Sill

Fur test methuds used see “EEC International. Ceramic Division, Test Methods for Ceramic Raw Materials”, Modulus of rupture measured at 80% R.H.
All results from ECC Laboratories.  *Halluysite present.

Table 4: Typical ball clays

Hywite Superd Hymod Blue

Grade _ S. Devon Dorset 1001 Bandy Black Troup, Texas
Producer/Country ECC! (UK) ECCI(UK)  S. Schmidt (FGR; H.C. Spinks (US)  ECCI (US)
-2 mieron % 80 86 65 62 61
~1 micron % 70 T 54 49 52
Modulus of Rupture Kgf/em: 24 36 25 21.8 34.3
Casting Concentration % 83 T 60 63 60 60
Fired b'ness 70 56 58.1 69.1 66.9
150°C  Absorption & 3.0 6.4 12.7 11.1
Contraction 13 12.1 7.9 5.0 54
1240°C(A)  Fired b'ness B3(A) 517A) 55.5(A) 4.3(B) 63.6(A)
or Absorption 2.6 1.8 2.6 3.2 89
220°C(By Contraciion 15 12.3 13.9 12.8 5.9
SiQ, ' 49 53 65 56.3 63
Al G, 32 31 21 26.8 24
Fe,0, 1.1 1.4 0.95 117 1.5
Ti0, 0.9 0.9 1.4 1.54 1.3
CaO . 0.2 0.3 n.2 0.08 013
Mg 04 0.3 0.75 0.35 0.58
K.0 \ 1.8 3.0 2.1 1.63 0.93
Na, 0 ‘ 0.2 0.4 0.21 0.25 0.12
L.O.L : 14.0 9.1 8.3 119 8.2
wwlinjte N ! 68 57 38 60 66
ica i 20 33 17 21 9
uartz 7 8 24 17 19
arbonaceous Material 4 1 - — —
eological Environment Fresh water lake  Fresh wuater/ Fresh water Fresh water Fresh water
or flood plain  Estuarine in wide  lake or flood lake or flood lake or flood
in fault basin shallow basin plain plain plain

i test methwls we “ECC International, Ceramie Division, Test Methwls for Cerumic Ruw Materials”. Moriulus of rupture ineisured at 30% R.H.
il results from FECC Laboratories.

custrial Minerals July 1987 57



WORLD KAOLINS

clays provide improved electrical properties for use in cable in-
sulation. Fillers are also being designed to perform specific func-
tions in polymers. Some functional fillers are surface treated in
a way that improves dispersion and improves the bond between
' pelymer and filler. They include treated calcined clays such as
the Translink and Polarite series, which are finding applications
in engineering plastics and the cable industry.
Other functions include providing anti-blocking properties in
I film and tapes, and absorption properties in agricultural film.
Significant quantities of cheap filler are used in other sectors,
for example, floor coverings including carpet bucking and flexible
floor tiles.

l |

Chemical uses, pharmaceuticals

A rew and growing use for kaolin is in the manufacture of

chemicals — catalyst manufacturers use kaolin as an ingredient

in the manufacture of zeolite catalysts for instance. Kaolin is used

in the pharmaceutical industry for the manufacture of medicines

used to alleviate intestinal disorders and many white pills are
mainly composed of a filler such as caleium earbonate or kaolin,

' Clays are used to provide a source of alumina in glass fibre pro-
duction. r

New uses

Whilst there has been a great deal of talk about the considerable

amount of research going on in the field of “fine” or “engineer-

ing"" ceramics; so far most of the new ceramic materials have
utilised pure chemiecal components rather than naturally occur-
ring minerals. To cheapen their products the use of natural
minerals is desirable and research to make effective sialons from
clays may lead to new applications for kaolin.

I Already a very special grade of kaolin is used by Corning in the
manufacture of the cordierite catalyst supports used in car ex-
haust systems.

937051

Worries about the effect of too much phosphate getting into
natural drainage systems from the detergents currently in use
have led to suggestions that a form of zeolite could be used in-
stead and this could be manufactured from kaolin and lead to new
markets developing. :
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lTable 5: Typical fireclays, flint clays and chamotte

*Fireclay, *Chamotte, *Flint Clay tFlint Clay +Flint Clay
Grade Midlands, Charente, Oviedo Olive Hill
Producer/Country UK France N. Spain Kentucky Missourt
I Fired/Unfired Fired Fired Fired Unfired Unfired
Tvpical refractories - - - 33-34 33-34 PCE
or PCE
Si0, 5L.1 35.2 545 45.5 44.42
Al,Q, 43.6 40.5 41.1 36.0 3863
Fe,0, 2.35 0.97 1.17 1.18 0.55
Ti0, 1.37 141 1.22 2.0 212
Ca0 0.21 0.16 0.11 0.08 0.04
MgQ 04 0.24 0.10 0.36 0.1
K,0 0.2 1.04 0.51 1.0 0.3
Na,O 0.08 0.39 0.11 0.1 0.12
L.O.L 0.70 0.14 0.2 13.0 13.90
Il\(aaolinite 42 90 86 90 Over 85
Mica ) 25 6 6 0.25-0.5 -
Quartz Unfired 32 2 7 0.5-1.0 —
eldspar - - — - —
ﬁnatase 1 1 1 TR —
Mullite 47 40 29 - —
Cristobalite 24 25 - - -
uartz . Tr / 2 4 — -
morphous  Fired 28 7 33 63 - -
Material /
Geological Carboniferous Eacene fresh Regionally U. Carboniferous  U. Carboniferous
Environment Coal Measure water flood metamorphosed Swamp Swamp
l _ Swamp plain/lacustrine L. Palaeozoic
shale

g Testing in ECC Laborutories.

From "Kaulin, Refractery Clay, Ball Clay and Hulloysite in N. America, Hawaii and the Caribbean Region™, S. H, Pattersen and H. H. Murray, USGS Prof. Puper

1306, 1984,
“ineralugy obtained from similar but different sumples to the rest of the results.
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THE MINERALOGY AND CHEMISTRY OF
TASMANIAN CLAY DEPGSITS

I.Covan MOORT

Foovied .1'“..“

Tusnanie

Tasmanian Tertiary ciayey iedimants gre largely kaoiiniic. Clays develnped on Triassic sedimants
are usually ilhitic with varying amounts of kaciite and clays developad an Permian and oidar rocks
are largefy ithiric with samz kaadinigg ar no kaolinite ar ali. The Fermian clays contain in places apere-
ciable amoun:s of feidinar af goerniia argin, Primarny ¢lays gerived from igneous rocks gre essennisily

rantinge

i

ix chemical analyses confirmt the prasence of some natural kaolins of grear purity fe.y Tonganah

anc South fr. Cameran), 72'zspathic kaalins {e g. Surges Bay and Farcett) and he presence of the
many iflitic clays fe.g. Ausiing Ferry and Duliverton). Chemical analysis enables s more detailed
minéralogical analysis than 15 possible with X ray difiracrion tachniques only.

The relarive proporiions of the combined aftkali and alkaline earth cantents (as getermined from
the bulk clay analyses) compared ta sitica conlent and alumina cortent characrerize the suitability of
the ciays as brickmaking marenais. Comparison with chemical analyses of UK. bricks tesied on
exposUre resistance indicares thar mosr Tasmanian bricks are roo sificenus andior dluminous (e g Port
Arthur, Dover) The few Tasmarian ciays af gotimum chemical composicion (K nacklofry, Gibtin Stre=t,
Howden Yellow! have sroducad bricks of graar resistance [0 wsarthering. The daveioped mathog of
chemical evaluation of the vaiue of @ clay 35 brickmaking materig/ appears 1o be of general goplicability.

“Thesa chemical analyses would be long snd r2dious and serve no
usafui purpose . ... 7
VWior Ward (1804

Goverrnmen: Anaiye:, TesTama

1 Introduction

In spitz of general incragses in building ectivizy over the st three
gecadas, the level of production of bricks, siges and tilzs in Tes-
mania hzs 9sen mora or less static sincs 1838, the first year in which
production records ware kept (Fig. 1) Tris lack of growsh us largaty
cauied by the introduction of chzag sliarnauves %2 consrate
nigcks and olastics. Tha present annual praduction of ciay brigks in
Tasmania i3 esiimatad at sbout hirty miilion, while 1h2 znnual
procduction of concr2te blocks is about 3 x 10 i2auziing in
volume fory mittion clay Sricksl SBerauss of smiscomparition ihe
clay industry has bacomeg vastiyv maors ¢ B gid
quality conirol. The aim of this paper

2t
N

s mpen zmeliog -
znd Ag. E501ies

10 grovige some of ihe
ion far this suaiity
contrsl, not neecied three guasters of acsnury eco.

In addition to the COMmMON Ceramit C'gvi, Taimania nas vasi
resourcas of kaoshn in many forms. Tn
oriznt2d towards the praduction of ozp
sixties and has only recently recoversd
siderablz cenital and experiis2. Soms dat
ogical and chemical characileristics of ik
incluged.

s, cohigpsed in the
ithe impar of con-

TanErGl.

2 Industrial Classification of
Tasmanian Clay Depaosits.

m
(3}
[

An industrial classification iz given in 1, where the clays ary
histed accarding to their common ingustriai namas. T {OCcaiies are
shownr on Fig. 2. The indcaied ace of
glways reigvant as in some cas2s the lgrz V'zsazowc gnd Cenzoie
weathering products of the older matzrial is guarried, eg 1he
Permian clay used a: present for maing kric<s at Dulverion and
previousiy at Wynvard is a Tertiary waat™arng oroduct.

3 China Clay

Trere has been a continuirng and sircng darand for china c'ay
since the ingeption ol the paner ancusimy 0 Tasmania o 1933,
Syenite a1 Surges Bay and Cyanet, somz 30 =m SW of Hgober, Ras
peen altered in Situ int@ kaolin In 1the Fern Tras River Va'ley wesst
of St. Hatens both sedimeniary and residuai clays are expescd in
separate wworking of the previous Goshar Tis Kines, The Surges Bay
clay and the Fern Tree River Valley cizgy have boi™ Dsen used as
paper filler clay. Because of the high propariion of silica m tne
fine fraction and because of inadwquate rreatment facilines thass
daposits ware ultimately found 1o b: unsu.table Coe and
Carthew’ ). -

FIG. 1. Annual production 18501578 in Tasmama af clay minsd
for the brick, pipe and 1ile industry and ennual procuciion of kaaiin
as paper {uler. Simee 1876, 20.000 m? kaoin nas besn progucsc
annuafly.

Of impariencs ‘s the daveloprment singz 1875 of the APPN
Tongznah Ciay Wire 2ast of Scontsgdate. The clay 15 rined 1 an
open pit from decomposed granita consisting of 60% silica, 30%:
kaclin »12um and 10% kaolin <12um. After compiex deflocculz-
rion, flocculstion eng mechanical sarting, a final rather pure kgohin
papar hiler is obrained aof 90% <1 2um. Annual production is 20,000
tonnes. Use of the ulira-fin2- fractions as coating clay 15 being
stucied by the company.

Trere is not much differance berween primary kaolin produgez
in situ by weatnering and kaolin transported over short distances.
The ‘drifts overlying tin gravels in north-eartern Tasmania anc
Tertiary river and Igka deposits in the arza of South Mount Cameron,
St. Helens and Pipneer cantain coarse grained kaolins, which arz in
their benaviour largely china ciays, All these clays have been used as
tiller ciays 1n the pass, and att were faund 10 he oo 3brasive

4 Ball Clays

Tasmania has two majar ba'l clay deposits. oneg gn the easiern
siore of Gearges Say near 5t Helens and one near Wesiern Junction,
immediately east of Launcesion airport. Additionat smali ball
clay occurrences are present throughout the Tamar hasin. COne of
these, the Launceston ball clay in South Launcestor, was the basis
o 3 prosparous vitreous china and stoneware irdustry before being
mined out. Another Launceston balt clay occurrence is near the oval
at Trevallyn. The major occurrence in the Launcesion ares is a
3 km7 outcrop immediately east of the railway line at Launceston
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TABLE 1

Industrial Classification of Tasmanian Clay Deposits

Chinaclay fal Teriary drifts overlying tin gravels in N.E..
e & South dir. Camaron, Pigreer]
b} Weathered Crataceous syenite in Surges Bay and
Cyvgnes arca.
I} KaotimiseZ Devcnian grarite in N.E. area: eg

Tontanah, mern Tres Haver

Ball ciay {a) Tertiary river and lake geposits in Launcesion
Basin. e.g. Wesiern Juncrion and the mined out

atzoian

(b} Tertiary river and lake cepasits naar S, Haiens,
{Gearges Bay!.
Fireclay {fa) Tertiary drifts overlying tin gravels in N .E.

(b} Tertiary Western Junction ball clay.

{c} Associated with Permiam or Triassic coa! measuras
fe.g. Duiverion and Sendfly!

Precarmbrian clayey silistone in Mawbanna area,
N.W. Tasmania.

lg

o

Brick clay® {a} Tertiary brick and pipe manufscture from Tamar
sedimentary basin sandy clay le.g. Kings Meadows,
Prospect. South Launcesion, Youngiown), ang
pipe manuiacture from plastic clay in Derwant
Valley te.g. Hamilton), rooting tite manufasiure
fram Reibia.

ib] Trigssic mudstone usad in sgutharh Tasmania Tor
brick manufacture {e.g. Aus:ins Farry, Elecirona,
Hayss, oid Knock!efty and Ginlin Street guarries,
Hswden, Kingston, Ten Mile Hill),

{e} Permian mudstone (ungassignec) was used in
Launces:on arza tor tile manufacture Bricks weere
macde at Wynyard (L. Permian varved clay and
Quamby Mudstonel, Dover {Grangz Mudsione =
Czscaaes Group correlate, and Waoodbridoz Glacial
Formartion = Malbina carretsiel, Port Arthur and
Oysier Cove {unessicrniad Tzrmienl. Clay pits in
operaticn a1 pPrasant gra gt Haines Siding,
Dulverton |Quamby Mudstone), Forcet: (Ferntres
Mudstone! and Manuka Road (unassigned!.

¢! Oider Palzzczzic and Precambrian avaiadia but
not usss ie.g. Cooee).

et

{ these ciays ""Hayes Prison Farm™ 15 used as earthemwars potiars
clay and "'Kingstan Springfarm™ as 2 sioneware body, usually afier
treatment. Various ¢china ciays and ball clays were and are used as
raw rmaterials in the gransration of sioneweare and porcelsin bodies,
e.g. 5ih Mt Czmeron ang Wesiern Junction

airport. Sericus land-siices ogcur in the whole area fup to 20%
gradient) and thresten consiant!y the Laungeston-Western Junction
railway link., The occurrence of the fine white or buff clays, inter-
bedded with bluish whire clays of coarser nature, white sands and
lignites {once mined at Springvale) was first described by
Johnston'? Extensive drilting programmas (1o depths of 18m) have
been carried gut by the Commanweaith Railways. A general deoth
of at least 25 m can be observed in the deep valleys betwesn the
“Springs' rivulet and Springvale. Mare than 1gn percent of the
sedimentary cglumn driffed s pure bali clgy. Feserves can b2 esu-
mated to be not less than 6 x 10°m? .

The periphery of the clay is par:tly coverad by Tertiary basalt
flows from Cocked Hat Hill, and tocallv overiain by the Sunnvsids
Hill basatt, which has iniruded the clay at i1t base {whare intrusive
porcelianite-basalt breceias occurd. Polien dating from the Rose
Rivulet nearby indicates Palazocene to Eocene age {Gul and
Barks)® . The Wastern Junetion clay appears 1o ba an early Tertiary
filting of a dead arm ot the South Esk (¢’ Carey®, Sutherland™®},
possibly dammed by still earlier basalt. It was used for whitewashing
early this century.

The 5t. Heiens ball ¢clay on the peninsuly east of Georges Bay was
described by Twelvetrees’®. Several bore noles up to 10 m deep
were sunk without reaching the borttom. Outcrop is discontinuous
because of dune cover. The colour of the clay is butf or bluish.
Ceramic tests of this clay have been consistently disappointing
because of the tendency 1o warp and crack Pipe clay from Pioe
Clay Lagoon was used till early this century as a palishing agent and
for whitewashing

a \ ?
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FIG. 2  Locality mao (Tasmanial.

5 Fireclays

Association of cood guaiity fireclays with coal measures s
comman, but by no means a prerequisite. Examples of thig associa-
tion gr2 the firaclay zm Dulverton (north of Railton) where g bed ot
clay ong 10 two meairas thick cwerlies a seam in the Permian Mersoy
Cog! Nezasures. Fire bricks mada from it have been used ar Mount
Lyeli and the Salisbury Foundry in Launceston. Similarly, the No. 3
seam gt the defuncr Sandfly Coal Mine {Triassic coal measures)
overlizs 2 white ¢lay of modarztely good heat resisting oroperties
(Twelverrees -},

Most production of firabricks in Tasmania, for use in bailers,
came from the Powrsnra ¢lgy pit. an inconspicdous waterhola
in Tertiary clays. Tn2 production of these bricks by Campbeli's
Pottery ceased gfter withdrawal of steamn 2ngiregs on th2 Tasmanian
Goverrment Railwavs, in the early sixtizs. Tne procuction was
basad on aconventicnal mixture of clay, grog and quarz sand.

Other clzys sugeesied — but never actually used for firebrick
production — incluZe th2 Pignzer and South Mr. Camsron kaolins
from the norh-2ast and a Precambrian clay siltstone in the
Mawzanna area. To this potential tist may be added the Western
Junctign ball clay whick vitrifies at ' 710°C.

6 Potters’ Clay

The Launceston ball ¢clay and the associated coarser whitish ¢lays
have been the basis of & now defunct sanitary ware industry lwith a
Bristo! glazel ar Campbell’s portery, mentioned eartier. The same
works produced a variety of household articies iike cdishes. jugs,
jars and some high precision articles like distillation apparatus {now
in the Queen Victoria Museum; Fig. 3). In addition, electrical
msulaiors were procuced from the same source matarial, presum-
ably mixed with residual kaglin trom nortn-eastern TasMania.

6.1 Cottage Industry

During the last decade 2 pottars cotrage industry has been rapicly
growing in Tasmania. mainly in the south. Although 10 some extent
dependent on imparied prepared stoneware bodies from the main-
land, mast af the clay used is dug from the Xingston Soringfarm
deposit. This clay s presumably a Tertiary weathering proguct of
Triassic mudstone; micaceous sandsiones are expased nearby. [t
features a high alumi~a content tagerher with an exeestional high
patash content, as will be discussed below. Such a clay comes as
close 10 an ideal natural s1oneware body as possible. Preparation
of this clay invelves remoyal of the fine quarrz, adZition of china
clay, sihica. some potasn feldspar and a small amcunt of ball ¢lay
or bentonite. The clay pit is nearly worked out and extremely
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irregular. Scope exists far produssiorn of potierss’ ciays Sy mixng
1iocgl ching clays leg South W+ Camaron, Torganahl witn focal
ball ciay (Western Junciion!, silica danved trom rmine resigues
{Tonganah! and wnparted poiash feidspar. A glav processitg plant
for this purpose has recently bean daveioned at the Hayes Prison
Farm mear New Norfolh ynmder 3 zrant from the Acsiraiia Coaunail
{Craits Boardl.

6.2 Other Uses

In additian to the coriags indusicy 2! gOiL a TEIT235ing a™oun?t
of vitritied s$toneware, spweoar and sicrr grain $id2s are progucad.,
Humes, the only sumviving producer on Tasmama, ociaims 1ts clay
from the Hamilton district

Freduction of ronting tiles in Daurcesion UNundectichl s at
present based On the occuirTnce of § mottied suanze-rich kaolin
from the Lower White Hills Road, south of Ralsia Portiers' ciay
Jdsed for the production of eamherware is now rarely used and will
be discussed (e.g. Hayes, Austins Ferry) under brick £lays.,

7 Brick Clays

It is generally nor easy to find brick clays with 2 preper grain
size distribution and the right mineralogical composition, 1L s
particularly difficult to find consistent deposits and of sufficient
size and fireness in the Hobart arzz [Threade-*'1 or even non-
kzolinitie ¢lays in tha Launcesior &rzg. Tasmenian clay dzoosits
are ofren o0 sandy end kzolinitic, neving & imarosar gcranulo
metric Dalance (Winkler=*) as well 25 an undesiratiz minerszlogical
COMmpasiiian

7.1 Northern Tasmania

The entira Drick production for tfe varigus Muilons briclayorss
operating until recently around Laumceston and now centralised
at Longford (eight million par yeart comes frem 122 Tertiary Tamar
and Cressy basins (Kings Mzadows, Prospact anc since 1877 from
the Longford area). The clays used are sandy, usually iron-rich and
kanlinitic, the iron depressing the Righ vitrification t2mpérature cf
the kaalin. Because of inadeguats blanging izchriguas and us2 of
ancient updraught kilns, guatity control was poor and the result
mortrled. Conseguently, the mara important builgings in Launcasion
hava always been stuccoed. Tertiary clay from Young Town, imms-
diately scuith of Kings Meadows, is used for th2 production of
agricuiturat drain pipes and flowerpcts by Agriois2 a1 Reibiz

7.2  Southern Tasmania

tn Sguthern Tasmania llirs-besring Trizsssic and somenimes

Parmian mudsiones and their waatngring orodugis have baan

traditionally used for brick praduction (Thrzzdsr™' ), Airhough the
i

grinding cost of these shalav gizvs s grazier thgn of the Tertery
clays in northern Tasman.a, cusiity control has alvways besgn Hatter,
Many bricks produced earlie:r this century havi coms from e
Knogkiofty guarry {Crisp and Guon) whera Lower Triassic shales
WErg magg 1ni0 Dricks Fnd 1hd sandsicne waEs simuitzneously
quarried as buitding stone ar {ill. Upper Triaszic shnales were tha
saurce for the Hobart Brick Comaeny ar its criginal guarry and
factory site at Giblin Street, Lenar Valley. Soth big guarries are
mingd out and present produc¢iion by the Hazert Srick Company
is depending on & mix of various ilitic or muscovitic ¢'ays with
some kaglinite, derived from waathiered Trigssic mudsiones in the
Channel district {at present Kinzsian and Howdan) mixed with a
far more ron-rich Austing Farry tlgyey shale of tha same ags.
Oatmea! bricks are at present manufacturad fram the feidspathic
and iron-poor Forcett clay laitersd Parmiar Ferntree Mudstans),
The total annual production of this sole southern producer is 16
million bricks a year.

Unlimited quantities of iilitic Permian mudstone of sufficient
Guality ore proiott oargund Hobart and elsewhere in Tasmania.
The high grinding costs of this indursted maizriai has virmually
prohibited use of these mudsignes, Unless tney ar2 c2eply wegihered
Of historic  interesy  zre (h2 rainer keolimuc fzidspar-beaning
weathering products of Parmian rocks used in 1n2 pangl sazilements
af Port Arthur and Maria Isiand and the kaolins 8t Dover used unul
about 1950, Firing occurred n ciamps, of siMEie uddraught kilns,
the bricks were often underflired and the ress!s very poor. Tertiary
daposits exist in the Mghart areéa. but uniik2 those in the Norrh
have been little used because of their kaalininic rarure,

oo

7.3 Other Areas

Weathered Permian mucdsiones were used 2! Wynyard, Zolau's
Brickworks ar Haines Siding, Dulverton, north of Railton, uses

Ven Moorr — Tasmaitian Clay Depasicg ) j

A

Fifi. 2 Srensware stift by Jokn Campbel! {circa 1327) — 87 cm
high, 53 cm (ciamerer. By court2sy Queen Vicrora Museum,
Launcesion

deeply weathereg Parmian mudsiones from the Quemby Formation.
Auality coniroi zi Dualvarmen is aood, in soit2 of tha simple dewn.
dravght kilns., Tha Dulverton warks have sizeable clay ressrves near
the factory. Anrual producsion (s Five mitlich bricks

Still oldar materia is availzbie in Tasman:a (s2e Tahie 1), but has,
in contrast 0 Victoria. raraly besn used. The use in hé past of
weatherad Preca Coearit2 dykas st Burnie Brick Faciory
ICooe2l should Hz mantianed for curios.ty's sae.

8 Mineralogy

8.1 Previous Studies

Little is know:a of the ¢lay minergiogy of Tasmanian soiis and
rocks. Cole end Camhaw’ described the Dover clays {essentially
darived from Pzrevizn szndsionzs) as very siliceous kaslinitic ciays
~ounts of iflite. Haiz and Brill'' had the clay
minaral of shsle intercaietions in the Parmign Berriedaie limestone
iganuified a5 mixad tayar montmorillonitz-illite. They suggestad that
the other Farmian ciagy minerels wearz ilit2, The G-ange Mudsiona,
of similiar ag2. conTEing $OME (ren MoRtmMonllonits.agntranita,

The lower Trigssic shales of the Knocklofty Formation naar
Hebhart consist of ferrugerous sancsiones interlayared witn orgen
and purple shizies znd mudsiones. Van de Vusse™® cescribed therr
clay minerais rancativaly as illitemontmorilioniiz, with some
vermiculita end chlorita flakas.

Cole and Cearthew® descnibed the Surges Bay ciays as derived
trom the breakgdown of 1he feldspars af the pgreny Jurassic syenite.
Although the itz and auvariz contenss i the Surges Bay clay are
very |ow, one sample was found 1o cantain appreciaole guantities of
a mixad-layer illite-mantmaorillonite. This minaral was fater defined
by Cole™ as & pariially ordersd mica-montmoerilionite clay, produced
by a thre2 componznt stacking of 13% single mica layers (A). 10%
double mica Tayzrs TAAY and 72% allevardite izyers (ABL

South Mt Cameron and St Halens clays are mainly kaolin with
low iilite snd guarz cortent {Cole and Carthew® ). Anorher Tertiary
clay at Dunrobin Brigae near Hamilton contains mainiy kaolin with
some gibbsite, Torggnah consists of kaolinite plus 10°: halioysite,
Banl's unpublished 1.0 5¢. thasis’ degls assantiatly with Tertiary cfays
ot borh residual and sedimantary arigin, Slays studied were esential-
ly kaolinitic witr iraces of ilite and sormetimes small amounts of
iite-moantmarillgnite interstrasifications, Bani deserined in additian
an “abnormal’’ marntmaorillonite, characierized by a dehydratian
peak at 530°C, in many of his sampies

with very smali

8.2 Results from This Study
Table 2 was complied from X-ray ditiracuon (X RE studies.
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TABLE 2

Mineralogical Compositicn of Same Tasmanian Clay Denasits

Aare af Paren:

Clav Minerar

. [t mole No .
MWaterial Localiry Samale No {inorgar of abundancy)
Quaternary Wet Marsk, Swanses 24338 ksolinit2 and illite
Tertiary Torgsneh 445351 xaclinitz, some hatlaysite
. Pioneer 443244 kaolinit2
South Mt Cameron 44520 © kazlinigz
Western Junction 44529, 44551 kaolirute
Pipe Clav Lagoan 44517 kazlinita
Haksowv Hills 44355 kaniinita
Machen, Kings Meadows 44503 kaalinita
Jurassic Bronta Canal 44670 kaolinitz
Brady's Lagoon 44671 kaolinita
Triassic
{uppzrl Giblin Siraet 44564 kaolinita and itlite
Triassic Austin's Ferry 44501 illite, kaalinize,
{lower) some feldsaar
Knocklofty 44553.45011- itlite, same kaolinite
45012 ang
4502745028 vermicutite
Triassic Hayes, Prison Farm 44539 ittite, little kaolinitz
{undated) Kingsion, Springfarm 44576-44 543 musgcovite, kaalinite
Parmian Haines siding, Dulverion 44801 illita
[Tuaminy
Mudstanzi
Parmian Farcett 44350844541 kaolinite, feldspar
(Ferntres South Arm 1084 illiza, some kaolinite
Mudsione!
Parmian Par? Arthur, Srick Poirt Baach L4508 kaotinite, feldsper, illite
{undated) Port Arthur. Pricas Kiln 44385 kaolinire, illitz, fatdspar

“MNumbars refar 1o specimens in Geology Degartment, University of Tasmania

8.3 Detailed Mingzralogy

The mincraicey of the Forzzer clay. the Kingsion stonawara ciay
at Spring Farm and the Wesiarn Junciion ball clay has bean studied
in some {urthar darail. The Forcatr clay 18 2 vary silicegus, kgoiinitic
cltay, poar in iran oxidss. us:d for (e manufacture of catmeal
bricks by the Hobart Brick Campany. {1 contzins uo 1o 40% gozash
faldspar. muscovite is very minor. Silicifications are freguant
Dropstones of granitg gnc shai2 ars fragueny The stravigraghic
positian of this arkosic ¢lzy corresponds 1o & washed-out horizan
in the Permian Farnrres mucsions, Tertiary Sasal: covers parr of
the putcron. Tne silicificstion snd abundance of kaoiinite indicate
an inienge pre-basalt weathering

The Kingston Spring Farm clzy, somewhar less siliceous than the
previous clay, 15 alsa poiassium-rich, 1n 1his cass however due 1o the
presence of up to 40% fine muscovite. The ciay containg a smatier
armount of kaolin. The clay is probably derived by weathering and
reworking of muscovite-rich shzsts in Trigssic sandsione, which can
be found outcropping in nearby Kingsion.

The grain size distribution ¢f the natural Western Juncrion
material (as determined by APPME is shown in Fig 4 and is fine
even for a ball clay {cf. Scori’’ ), The 12°%: > 2em contains kagiinite,
minor Quartz and isolated ¢rzins of go2itie {electron prohe
analysisk. The clay fracrion by XRD showed kzolinite and very little
quartz. However. swelling uo 10 17.7 A of & minor tfracrian in
Mg-saturated ingieriai occurs. Tnis material callapses proorassively
after heat treatment and reashes 11.0 & a1 5350°C. Ar thisstage it is
impossible 10 commant an the naiure ¢f 1708 MRNOr Mineral winiat
is cerrainty responsibie for tha rather high magnesium conrent of
about 0.6% in theclay. A furihar erigma of the diffractogram is the
persistent 4.80 A4 spacing. The electrran micrograph of Fig. 85
illustrates rhe wide range in particte §ize and rthe worn and jaoged
shapes of the kaolinite ¢rysrais as compared with the biggar and
more hexagonal shape of the Tonganah kaoiin used as paper Hilar
(Fig. Bal,

8.4 Clay Mineralogy as a Function of Parent Material

The data given above in sections 8.1, 8.2 and 8.3 indicate that
some ralation exists between the nature of the parent material and
the type of clay derived fram it.
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FIG. 4. Grain size distribution of Western Juncrion ball clay, raw
and after removal of the > 12um fraciion. :

The Permian shales are derived from metamarphic $Ource rocks
and ofren contain z glacial component. The mineralngy of these
shales is illitic with varying amounts of feldspar an? quartz. Brick
clays derived from these shales by Tertiary weathering are in most
cases largely iltitic, or even znurely illitic le.g Hamnes Siding,
Dulveran). The more feldspathic Permian shales tend 1o vield more
koolinitic clays when deeply weathered (Port Arthur, Farcett].
although aovpreciable amounts of illite or feldspar always remain
Cnly one case is known where little illite remained (Dover).

The Triassic shales used for brickmaking may contain, in addition
to thite, some feldspar and somenimes minor criginal kaolinite
(Hale** 3} The Tertiary weathering enhanced the kaolinite content,
particularly in the clays derived from feldspathic upper Triassic -
shales (Gislim Street), The Lower Triassic Austin's Ferry brick clay.
the Kingston clay, the Hayes Prison Farm ¢lay, derived from Triassic
material of unknown age. contain agpreciable amounts of illite
{muscavitel. This is in accordance with the sometimes muscovitic
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{al Tonganan (;2500X), Paper filter china clay (kaotinite and some
hatioysite). Note the relarively small range in grain size ang rhe
subhedral cryiis! outiines.

(b} Western Juncrion (12500X}1, weil gispersed Sample. Note the wide

range in grain size and the often worn and jagged shape af the
kaolinite particlas in this balt clay.

FiG. 5. Electron Micrographs (microscooy by J. Lasru, Zoology

Depr. Unjvarsity of Tasmanial

nature of Trizssic rocks. Minor feldspar and vermiculite may persist
when przsant in the carent rock

The Termiary weathering products of igneous rocks. natabiy
Davonian arznizes, Jurgssic dolerites &nc syenites, ar2 kaoling
Weaihering duering the Tertiary musi have been irtenss. the soils
darived ‘trom t=e basaltic necks at Rokeky Hills arz engjrely
kaolinitic.

Although veins in the dglarite of the Central Plateau are repartad”
1o often conizin montmarillonite, the 2isential weathering proguct
of 1he goleritas 1s kaolinitz iSronie. Bracy’s Lagoon!

The sedimentzry kaolins sccumu'ated in the Tertiary gradens are
entirely kaalinitig.

The seguonsz: oQuilined abowve Corresdonds to an overprint of
weath2ring on & parent rock minerzlocy repraseniing racvcling and
leaching of datritus on 2 rather stable sheif,

9  Chemistry

All known cnemical analyses of Tasmanizn clays are listed (n
Tsble 3. The “clays™ range from very fine material contzining 0%
of particles smaller than 2um [(Western Junciion — 44529, Sth Mt
Cameran — 42320) to sandy material cantaining less than 20% clay
materisl (Oysi2r Cove — 44831). Some wariation occurs in the
compositign of sampies from the same occurrance lcf. 1he various
Forcetr and Kinosion analyses).

The carmonsition of the residual china clays at Tonganah (44531},
Surges Bay (Cole and Carthew®; analyses @ and 11) and the slightly
transporiag clay at Stk Mt. Cameran (44820) correspund 1o alimos.
pure kaolin, showing Al.OQ, > 37%, Si0. < 47.5% anc ignition
losses of 12.1353%.

The Terriary clays anatysed are mature progucts of weathering and
secimeniztion: a minture of kaolins and orifoguartzilic sands. In
an A(:O,-S;O: variation diagram {Fig. &1 many ol these tlays lie
canseguenty more Or lass on 1he (i ling between pure natural
kaotin ltaken as Tonganah 445311 and proto-quarrzite lassumed ar
979% 5i0.). The points reasonaliy fitting this thearatical line are
the two Surges Bay china¢lays mentione earlier, Tonganah 44631,
Dover 44354, Western Junction 44528, 44529 and 4457(0, S
Helens 42550, Pipe Clay Lagoon 44517 Major Back Reef ar Back

Creek 443535 and Cyster Cove 445351 Tonganar ancg Srh Mt

Cameron are natural pure kaohins and comgpare tavourably chemical-
iy vtk Georgia and Cornwall kaolins (ef. Murray'* L.

The clzys balow this line are part!y illitic, do not consist of mix.
wres of pure kaolin and guariz sznd 3nd should fall on or adove the
iflite - protoguarizite 1ie hing In c2s325 of abundance af mpurities
like iron oxide thay mzay 2ven plot 92:¢w the iflite - quarrzite line.

Many of the ifiizic clays dascrinzs ghove plor close 10 1his ua-hina,
e.g. Brick Point Beach 44588, Kingsion Soring Farm 44542, Hayes
44533, Knocklofty 45027, Austing Farry 44561, Dulverton 43301,
Knocklofty 43210, 43011, 45028 The iron-rich kaolinitic Kings
Meadows Machen clay 4£365 and tha feidspathic and kaoclinitic,
Foreett clay 44541 fall by acgidant o0 the curve The enly nntable
exception is the stgnewsre clay from Hamilton (443531, used for
pipe manuiacture.

9.1  Variation Diagrams

Brickmakers ang poiters Rave apearently found by trial or errgr
that the mora iilitic clays give barier results, because of the lower
temperaturas neeged for vitrificauian and ther better wet strengtih

RO
"

0

FIG 6. Binary AlLO,-5/0_ variaiion diagram of the composition
of Tasmanian ciay deposits (see Tabie 3], The asterisks refer (o the
ceramic ¢lays used for brick, pipe and tile manufacrure in the past
and at present

Tha inset refers 16 non-marly brick claps in the United Kingdom
and in the US54 The enigrged fieid inciudes composition of
unsuccessful siiceaus brick clays. For details see rexr.
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and plasticity. Plotiing of the availzble brick ¢lay analyses confirms
this idea. Liarly clays and marls, usad tn Europe &ng Amaricg for
the manutsziure of vellow brigks, have however been exgluded from
this compilation s they are not used in Ausiralia. Datz from Singer
and Singer!® Grimshaw'® and one N .S brick claéy reporied by
Mcheekin'® have been plotted in the inset of Fig. 6. Two agcitional
analyses on the extremely sandy side quoted respectively by
Dolteari® snd Cardew’ zt respectively 90% and 868% S$i0, heave
been incluces 10 compigte the field.

The amount of plass {ormed during firing of a ceramic product
and i1s meliino point cepend lzrgely on the relative prgportions of
alkalis snd slkaline earths ("R.0 and ROl AlLDO, and 510,
present. Accordingly, the molecular oropomions of these groups
hsve been useg in specielised studies of olzzes and refraciories.
These moiecular proporions, called 5eger values, have not been
used Tor the calcutation of the composiion of brick, eanhenware
and s1oneware bodies, probably becsuse of 1he very wide range in
chemical compositian of these maeterials. The Seaer values of all
clayy Iisted in Teble 3 zre plotted in Fig. 7 &s molecular proporiions
ot Al_O, and 5iQ; refative 1o the sumn of the molecular proporicns
of Na. D, K,0, MpgD ang [s0. With the exception of the very
aluminous Dover clay and 1he siliceows Prospect and Kinas Meadows
kaolins, gll usetul brick, earihenware and $tonéware clavs gioup
togeiher in a very smalt field, However, except for the Knockiohiy
and Giblin Streer shales, Tzsmasnian cerémic clays are short of
fluxes compared with 1the English and American clays cited earlier
linner full Vine ondiagram in Fig. 7)

8.2 Chemica! Composition and Brick Durability

The groument can be carried further by consigering 1he chemical
composition of the lime-poor bricks from the United Kingdom
listeg by Bonnell and Butterwonh®. The Seger values of these clays,
largely derived from foweer Jurassic, Carboniferous and older shales,
were plotted in the inset of Fig. 7 louter broken linel However,
three-quarters of the observations fall in the narrow field outlined
above (so!id line of both 'nset and main disgram}. In a test by 1he
British D.8.1.R. only seventeen clays of this group gave frost- and
maoisture-resistant, dureble bricks, reducirg 1he field of desirgble
compaosition 85 shown by the inner hroken lines. Most importantly,
twelve out of these seventeen high guality ¢lays again plot in the
even smaller, innermost Teld.

Therefore it may be concluded that the chemical composition of
gquality brick is restricted 1o a small field of relative proporuians

of 5i0., AL O,, slkahs {mainly poigssium) a?d alkgline earihs. This
field corresponds 16 The lower tempersiure (about 200-1000°CH part
of the muilite znd tridymite fieids of the K. O-AI.O,.5i0. and
Ne.O-Al.0,-$5i0, phase diagrems of Schairer gnd Bowen'*-'".
Potzssium 15 usually more sbundant than sodium in cleys and can
be considered to e the main gless former. Magnesium, calcium
ang iron are effective only at higher and uneconarmiceal termperatures
(cT. Grimshaw'"}.

Evaicetion of ric. 7 shows thi! some CEramac Gigys Used in
Tasmaniz 12l autside the compositional field of the brick clays used
in the Unpited Kingdom. Of these, the Launcesion ball clay and
Hamilton cleys are stoneware ¢lays, whiist the vary iron-rich Kings
hMeadows clay was mainly used for clinker manuiacrure a1 eleviled
temperziure. The Dover kzolin wes vsed Tor the manufacture of
“‘os1meal’’ bricks, oiving an inferior product which flakes and frets
badly. The very siliceous Kingston variety (Spring Farm North) has
also produced bricke prone 1o decay. whilst all other clays outside
the fieid have given troubie, gither in production or in 7esting.

Mareria! of ideal composition are the Giblin Street, Knocklofry
and Howden Yellow clays, which all give bricks of outstanding
quality, not showing any decey efrer up to seventy years of
exposure. The 1lirst two cley ouarries are mined out; Howden
Yellow 15 at present mixed with equal amounts of Austins Ferry ang
with some gdditionai Kinpston Spring Farm clay @ & lubricant for
the production of terre cotie brizks. Slightly outsige the optimum
compositional field are Kingsion Spring Farm South and Port
Arthur Brick Point Beach. Deczy of the laner Srick has been
anributed by Roberts and Kallend ' 1o wunderiining and use of
sed water in the preperanion of the bricks. Atter less than tifreen
vesry, some of these Kingsion Dricks show also severe Tretting.
whick cannot be &iributed 1o salt warer or underfining.

The composition of most other Tesmanian brick clays 1all within
the outermost field of established composition, as ¢éicu'aled acCord-
ng 10 1he method oulhned above. This Tield however has not
produced durable bricks according 1o 1he listing of Bonnell ang
Butterworih® . [t is of interest 1o ncte the severe decay of the
hretoric Port Artthur Prices Kiln brick, whose composition falis
insigde this lield. Some concern may conseguently be expressed
about the luture ©f 1the red Austing Ferry, Dulvernion, Howden black
and Hayes fbricks and the yeliow Forcett bricks These clay pits
have al! been opened within the last gecade and i1 is consequently
100 esrly 10 determing whether prematureé decay will occur. The
composition of the Prospect brick is outside the accestable field.
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FIG. 7. Seger values orf Tasmanian clay deposits (see chemical
cara in Takle 3). Trne garamic clays are marked with an asterisk in
the main diagram. The molocuiar valves of aluminag ang silica are
taken relarive ro {maoles R.0 + moies RO) = 1. The inner ellipse
ingludes the 1eaal brick clay field for Uniteg Kingdom and U.5.A.
clays: this limited Feid comprises 75% of all durable lime-poar

10 Conclusions

Tasmanian T25iary clgyey sediments are largely kaalinitic, clays
daveippes On Triessic sagiments are usually liitic with varying
amounts of kaclinite and clays d2veloped on Permian and older
rogks are iarzzly illitic with same kaolinite or none at all. Th=
Permuan £lzys comarn somerimes appreciable amounts of getrital
notash faldepsr (2.0 Forcatt). Primary ciays cerived from igneous
rocks ara largsiy kaolins, sometimas of crear natural purity {e.g.
Tonganah and $:h M1, Cameron)

Tha relative moiecular proportions of the combined alkslis and
alksline eamns compared with the proportions of silica and alumina
{as calcuiaied from raw clay chemical anglyses) characterise acc-
urat2ly the suitability of the clays as brickmaking material.
Compansan with ghemica! anatyses of UK. bricks testzd on
eXpOsUre r25iSTance INCICate the masy Tasmanian Brick ¢lays arg 190
siticeous and 'or aluminous leg. Port Artnur, Dover). The few
Tasmanian ciays of antimum chemical composition (Knockloty,
Giblin Street, Howden Yellow] show greart resisiance to weathering.
Tne develop2c methoa of chemica! evaluation of brick clavs appears
10 be universal and can be applied for the calculauion of suitable
clay mixiures for the praoduction of bricks.
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Lecality Type of Clay z;:;:: 516, ALI®r © Te,0, Fec Mao - Cad  Kase K0

Fereett white brick 4 stonewsre Clay 44508 .27 1,32 1.17 0.31 0.0t .42 ¢_;:-
tipe Clay Laacon ' b pipeclay - ball clay “arl? 41,01 2s.12 1.5% e.70  ©0.1) ©£.I3 1.16
South mt, Cameron ’ : transparted china clay 453530 47,50 37.1¢ ¢.00 0.00 8.00 .00 C.a%
ringston Spripg Farr t-outhl:dela lténewnre cliy' [ER-1 ] L 21.810 2.58 0.60 o6.04 - .20 363
mestern Juncticn, Kol o °¥f“.l=_ Ball clay ' Ges3E £1.87  33.0} 2.0° 6.3 8.8  €,20 - C.34
mestern JuRCtior, Ke.l way Bt SPrincs bell clay Lesie .13 29.40 7.04 e.&¢ 0.7 . 0.3 0,48
resterr Jurction, ¥e.3 Vel tell elay <120ue 44530 116y 29.20 ;.10 €85 61 e3iT.ae
Torcaras, A.F.F.F. chira clav RLERE L.t p.2% [.pe G.60 .ot Ty c.e)
€1, Kelens Feart graveipat ball clay s 17.89  2¢.tE J.88 ¢.28 ¢.0: t.i: ..5;
hact Creer, “ascr Fesf ' hvdrethermally altered slere, whive £4534 $.0 11.29 003 L) .00 .24 T
Racs Creer, Masor Feef Evérctnermally sltered slate, tlach L9 LION 3 ] 11,06 .82 o460 c.or"‘ . .17
Hayves Frisom Tarr tarthenware clay 46339 tt. BB 1442 5.20 6.9 0.27 €.2e :.18
Duse rtoneware clay 41540 LR -1i] 10.9%) 2.34 3_51 3.0 PR T t.%2
Forcett " White Briex i atonevare clsy (YTt 2344 13,18 7.%% .88 5.04  1.a4 3.8
£y, teleny Besch silicecus pall clasy Atse2 .31 2%.47 1.0% 0,32 6.0% 0.67 1.0}
Liandaft stonevsre clay 1454 £5.79  19.1% 1.61 .64  0.01 . 0.00 2.60
Pioneer transparted ysolin BERRLR 3.0 J6.20 0.77 .17 ¢.03 0.0 0.92
Lecs and Bacon Ray stoneware cloy YL ] P23 8.27 1.14 0.1 0.01 0.06 - 0.la
Campbell Town, Quarry Hill 1tonevare clay 4aIsa7 6%.%0 19.%0 n.9% 0.4¢ 0.02 .12 0.E)
Sestern Creeh, Deloraine stonevare clay dis4e 71.€1  15.00 1.42 0,77  c.oR 0.05 2.6}
Xingston Spring Fare (soythiide) Stoneware ciay [¥3-XE ] 62.29 19.11 3.2 0.6% 0.99 B.19 1.26
St. helens Fouint Eall clay 44550 54.0% 30,09 1.7 0.15 0;01 0.00 g.62
Oyster Cove very silicrous vhite brick clay [HBC) 44551 $8.9%0 - 5.€3 6.5%% .19 6.00 t.00 ¢.37
Fanuks ROad siliceous stonewafle cidy dLs2 67.88 18,86 1.02 0. a.01 0.00 0.%2
Harylion (Cleveland) 1tonevare clay 4%%) 59,48 5.1% 2.2) 0,19 0.67 .12 1.17
Dover ! wkize Erich clay FERY 4F. 00 )5.F4 0.7¢ 0.i2 0.0¢ o.M i.79
hewcen vellew briek clay deiss 0.8t 16.€3 £.5) 1,13 0.14  G.8%  1.%(
Howden tlack brick clay 44ty £0.E7 14.28 6. 61 0.69 0.17 a.Lc 7.50
Fingston :pring Farr {rorthside) trick clay {KRC) sy? 76.70 12.34 4,40 0.3% 0.0 0.16 1,22
xnocklofty Cusrry mixture cf §reen b purple shale aLse 5.1 17.9% .61 1.3 0.2%  0.95 3. 30
Powranns fireclay 141%60 76.9% 13,33 3.8 0.3¢ c.o ¢.27 0.4)
Austins Ferry brick ciay IHBC) LT RIS £3.6%  1e.¢) 3.07 6.16 0.0 ©.89 1.80
Scuth Lsunceston (Carpbells Fottery) ‘Launceston ball clay” [EE-T D] £E0.94 2).70 2.2a17 0.69 0.14 0.1% c.M
Letah Vailey Citlin Street Quarry = MECQ IEREIX) [ 15,49 L.59 2.19 169 1.4% W89
Kyngr meadows Macher's rrick clay pit tades 4E. 7B 12.16 5.1 0.31 0.oc c.083 [ ]
richrond (belew St. John™s cemetery) silicecus kaclinitic clay L4564 L8 3.7 1.1t 0.3 G.1¢ .02 .8l
Prospect trict clay (Hutton's) 445869 9.4 17,12 L.65 0.34  0.00 _ 0.3 £.5%6
Fery Arthur, Brick Ft. Peach Erick ciay 4498 €1.64 19.29 L.2¢ 14 0.22 1.71 3.52
" Fert Arthur white brick clay 1599 €066 19.20 0.85 .46  0.08 0.1 2.2%
Clsy from pctiery shop, Chemistry Dept. stoneware clay 41600 _€9.20 13,73 LN 0.47 0.20 1.0 2.20
Pulverton 1*rush pit™) Eriek clay tielati & Sen) L1 1:3Y €9.4% 14,41 5.91 8.14  8.30  4.63 1.80
western Junction, Ko.d! L .. ) Bajl- ball clay, 1-2um d4€s] t€2.16 5,1 1.7¢ 0.%% 0.1s - ©.25
vettern Junction, ¥o.12 way at Springs ball clavy. 1=-0.2yum L4€%2 %]. 8% n 1.38 Q.70 " 0.21% - 6.17
»estern Junction, ¥o,32 favulet. bail clay, «0.27um 46682 %2.3} 32.23 1.2 0.25 - e.)?
Surges Bay Quarry ! B china elay M EIIE ] 50.27  12.6) 1.0 0.04  <0.1 73
xnochlefty Quarry S purple mudstone T 48010 se.ss 12,03 .8y 302 0.19 0.2% 4.1%
knocklofty Quarry :;iczr::;':h;rom green shale mudstone 45013 €3.5) 1!.f7 i.JJH 1.3 0.30 0.7 3.87
Fnocklofty Quarry  Guans weres. green b purple fine nxcaceous s;!tltone 45027 €0.2% 1.4 1.9 g.3e 2071

45028 €463
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£.%2 .g0.04 - 0,60 . 3.31 - €.7% €.CF €.2c  99.21F
1.0%  0.07 €.01 - 8.8 C3.p4 Cc.0& €26 . ICL.B¢
©.72 p0.c1 0.00 13.37 6.%% ¢.e .e.00  )eo.7n
1.00 _ G.1¢ ©€.00 . 4.67 ‘i.ts c.6d 0.5 160.3)
L) s.01  e.03 9.91 . i.34 .6 €.%4 lec.
1.1 ©.01 .00 16,17  3.§3 €.1f  0.37 - 100.37
117 0.02  €.06 1C.6T 1.l (Il €34 es.57
€.3€  £.1¢ . g.ec )l.ee €T £.0003.1% - 100,20
376 €. 6.00  T.2% F.eF (LD D.48 10C.BY
t.s¢ 0.0¢ £.0C 1.61 e.3t t.0f Te.2e lec.lc
c.e8 0.00 C.GE . 1.Té  £.Td4 £.f 0 I.ae 09,52
£.67 0.0 .04 .28 3. - - 95 .20
C.6¢ 0.02 0.13 17.28 .35 - - 100. %4
B.47 5.0 0.0} 3.06  1.€3 - - 99,13
1.7% a.es  o.en 8.7 2.ge - - 3.7
0.1 0.04 0.00 5.29 334 - - 99.¢3
1.45 ©0.67 C©.01  16.4¢ - 2,04 - - .100.1%
6,76 .00 C.00 .22 1.1 - - 95,27
1.3  0.01 G.01 2,07 71.64 - - a8,07
¢.39  ¢.02 0.00 T B T - - 99,53
0.7 0.00 &,00 5,13 .58 - - 23,31
0.7% .02 o©0.00 10.%0 2.11 - - 93,91
©.10 .00  0.90 1.07 0.¢9 = - 9314
0.78 .00 ©0.80 6,44 2.8%5 - - 100.09
1.03  ¢.02 ©.0] £.1% .21 - - 190.03
£.43  5.07 0.80 12.24  1.3% <Ll - 106.3¢°
G.85  6.1¢  ©0.10 .67 .4l et.i - 108,10
C.80 0.09 .00 -3 e0 1.27 “G.a - 10G.64
0.€7 ¢.0¢ 0.0  4.3F 1.6 <f.I - 105.6i*
c.p4 D.10 ©0.3J0 3.12 1.23 0.2 - 101.43°
0.87 0.60 D.0O £.09  1.%4¢  ef.i - 162.5%>
o6.73 0.02 .07 3.87 1.12% - - 100 .78
1.37 0.00 0,00 7.%3 I ¥ | 8.7 - 101.17+
.74 0.1: C.12 €.37 7 1.e2  ec.1 - 10G.41°
0.7¢ .00  0.11 €.36¢ 1.8% - - 8¢.57
¢.E%  o.eo  o.0p 3,38 1.30 e - 101.08¢
17237 7¢.00  0.00 £.30 T 2.6 <3 - 102.2 *
¢.78  0.00 0.01 Y VA 39.4)
o.e¢ 5.5 0.0} Y’ £3.97
0.3 0.0l 0.01° €.62 99.51
€.13 a.c2  ¢.q2 1,67 1l.28 - . 180.79
1.47 0,02 .01 - - - - -
i.2¢  0.02 0.} - - - - -
C1.17  e.62  0.01 - - . - .
¢.49 €.10 0.00 10.46 3.39 _ = - = 100,50
e ——— .
0.37  0.8) 6,04 31.67  1.e9 e - 99.96
_¢.90 . 0,07 0,08 .17 180 - - - 99,33
0,03 008 345 - os1 - - 99,0200
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