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GS 30 482917

GS 31 "

GS 32 "r'

GS 33 "

GS 34 "
GS 35 471912

1m, as above.

1.2m. as above.

1m. as above.

937003

DESCRIPTION

CLAY SAMPLE LEDGER

1.5m. chocolate brown clay.

1.2m, off white clay slightly sandy.

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.

Brown silty clay from grader scrape next to road.

Samples GS 30-34 comprise a series of partially over­
lapping 25kg samples from the main clay exposure.
The ai~·of this sampling was to collect material of
a parlncular colour and/or grain size which would be
likely to be reproducable under full scale quarrying
conditions.

Roadside cutting, 1.5m section of chocolate brown

"1.,, 2"g '7
Light brown plastic clay from gravel pit south of
road c.f. GS 3.

449911

452911

435899

LOCATION
(grid ref)

CR 2

CR 3

CR

SAMPLE
NUMBER

I
I
I
I
I
I
I
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I
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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.
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GS 16

GS 17

GS 18

GS 19

,-

GS 20

GS 21

GS 22

GS 23

GS 24

GS 25

LOCATION
(grid ref)

482917

"

"

..
".

480919

"

"

"

"

480915

M.U.I.t...

CLAY SAMPLE LEDGER

OEseRIPTI ON

2~ south from GS 14, blister of yellow clay occupying
2Dcm of the interval sampled near base of GS 14 .

• 70cm leached white clay, silty in part from upper
portion of clay bed below 1.5 - 2.0m of sand between
this sample and GS 15.

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
Formation.

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
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.

top, pink and brown clay, some silty.

brown indurated clay and stiff clay.

as above ---

as above.

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

50cm hand auger sample, pink clay over orange sandy
clay.

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



M. o. I. I.

From next 10m of road gutter downhill frc1 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.

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 road gutter, 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 gutter downhill from GS I, dark
brown clay, minor contamination of sample from sand in
joints.

937005

OESCR IPTI ON

CLAY SAMPLE LEDGER

Fines component of qravel 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.

I
f

I SAMPLE LOCATION

I
NUMBER (grid ref)

GS 1 482917

I
I GS 2 "

I GS 3 "

I GS 4 '":,.

I GS 5 "

I GS Ii 482916

I GS 7 479917

I
I
I GS 8

I GS 9

GS 10

I GS 11

GS 12

IGS 13

I
GS 14

GS 15

I
I
I

482917

"

"

"

"

"

"

"

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

30cm pink plastic clay.

35cm dark brown stiff clay.

65cm as above.

65cm as above.

~m as above.

45cm pink clay with sand at base.

clayey sand, mostly light grey, minor orange.
end of continuous section.
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I
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• bedrock

BP 3

"",
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260m

- 240m

BROWN PLAINS FORMATION

TIMBS FORMATION

Clay

Sand

Gravel

Sand5 8, oravels
I
!

Chlorltlc. schist and sandstone

220m

200m
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THE RESULTS OF A PRELIMINARY INVESTIGATION OF TEN SAMPLES

OF

TA9~ANIAN CLAY SUPPLIED THROUGH 'STECK RESOURCES PTY LTD"

John A. Hosl<lng

22 February 1987

301 Lydlard St Nth, Ballarat, VIC 3350.
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PREAMBLE

Ten clay samples were supplied by Stec~

Resources Pty Ltd with instructions for a "quick and cheap

appraisal', this we have endevoured'to do within the

limitations and dictates of the material itself.

The material is very unusual in that much of

it has a very high organic content and it was evident that

there was significant sandy contamination, (it is not

certain how much of this is inherent, and how much is due to

near surface salopl ing.) Because of this high and variable

contamination, it was felt that to achieve some sort of

meaningful comparison, the samples should be examined only

after some level of standard refining. The aspirations of

the client, to satisfy a ceramic market, to some extent

dictated the procedure, and it was decided to screen the

fully dispersed samples though 150n prior to any physical or

chemical examination.
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THE PROCEDURE

Each clay 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.
C'

The remaining screened slurry was floculated

by adding hydrochloric acid and allowed to settle for 24

hours. After this period, the supernatent liquid was

decanted and a sample of clay filtered on a Buckner vacuum

funnel.

The clay slurry was diluted to about 15%

solids and screened though a 150n screen. The >150" residue

was dried and weighed. The screened slurry was topped up to

6 litres with water and thoroughly mixed before taking a 1

litre aliquot. The 1 litre sample was sedlmented at 12 sees

per millimeter depth to remove ali +10u material and the

residue redlluted and sedimented a second time. The <lOu

fraction of three clays was retained for further

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

,-. .•.... -, '- ...' .
~-' _.'~'.' ~,; .~;,. ..... .;.,

~ ,

Into 100mm strips

were measured to

The filter cake was cut

After drying the stripsdried.and

I
I
I
I
I
I
I
I
I
I
I
I
I
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&5certaln drying shrinkage and weighed prior to firing.

Five selected samples were also sent for

full chemical analysis.

Each clay was fired at 1000 C and 1180 C and

the resultant strips measured and weighed to determine loss

on ignition and firing shrinkage.

A sUbjective assessment of colour was also

The fired strips were then boiled in water

cooled, dried, and weighed, to determine

r'

made.

f or one hour,

absorption.

I
I
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Below are recorded a number of observations

The results of the physical examination of

As we were dealing with an unknown quantity,

range. Some of the dispersed slurries showed evidence of an

~,370j 5

Comments

THE RESULTS

Genera.l

made during the process of examination.

was actually smouldering after drying at 200 C !

the samples are recorded In Table 1 and the chemical

analysis of the five selected samples Is recorded in Table

Most of the clays are not very strong or

plastic, but this is almost certainly a function of the high

level of fine sand present, as evidenced by high >10u

contents. The finer fractions increased dramatically In

oily film on the surface, and In one case the >150" fraction

The majority of the samples have a very high

organic content, this Is distributed thoughout the size

some procedures were modified as the Investigation proceded,

strength and plasticity.

and, although we have no control, some logical deductions

.can be made from the varying results. Some of the as clays

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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~~'I::'--,,...-=..~..,.....•<:.~~.~~.'ii:F_~~~:"'}"'i.lk;":"'~mti"'~j"~""'c-,,"'..~":r""/-."-""'--.-.
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"

r'

,.

from rubbing these particles out manually to redlspersing

dispersion also gave the highest <lOu result.

them on~e or even twi~e in a high speed ma~erator. It may be

Isignlfl~ant that the sample subJe~ted to the most violent

methods to-effe~t better dispersion. These methods varied

.-
~ -0 .~

in parti~ular~~ontained some very tough parti~les whi~h
- .. ~._,.'.~f:;~J>~~' ,..

resisted disper~ioh and, as we pro~eded ~,e tried a number of
,_ co' ,- ••

':'.~ ~.
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, J :

.,

1.00 11.:50 :50.90

.I.~O 6.00 28.60

1.00 3.00 31.90

J .00 J9.00 :54.20

0.00 J~.OO 6:5.40

9.00 4.1.'50

FIRING SHRINKAGE
1000 C !J80 C.. -IOU DRYING LOSS 0"

SHRINKAGE IGNITlON

4'5.50 6.00 13.46

47.70 6.00 J8.9~

100.00 9.00

60.0.0 7.00 ieL 47

49.20 6.00 19.40

33.20 7.00 16.::;132.60

28.80

28.30

40.40

24.10

'1. +101,1

5.60 :i3.CO 41.40 4.00 4.90 1.00 4.00 33.40 2'2.90

0.90 66.30 32.90 7.00 ~.'1
0.00 10.00 24.00 ~.30

21.eO 22.60 45.e.O 6.~O 10.14 0.00- 11 • '50 43.80 1~.20

43.90 26.20 29. 90 9.00 6.03 1.00 3.00 24.30 19.90

34..20

11. 10

22.00

11.90

31. 40

0.60

0.60

0.60

0.60

0.74

0.53

0.42

DISPERSANT ~ .150"
DEMAND

iTABl.-E

Da~~ brawn ~ith large
a.mounl cf humu'5

BrDlPtn si.lt

Dar'" brown clay

Fine ~i\tc~ sand

cR'2

eRI

(R3

GS4 ~arw brown c1a1
.... ~ lh f10me humu",

GS5 A~ abOV~

G51 Dark brown with I.r~e
amcunt of nUllius

G52 Dark brown clay
with some humuS

;s2 A (101,1 traction of GS2

,MPt.E NO. APPEARANCE

e.c

0'

W
--J
0
~.;",

<}
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TABLE :2

, ,,

Si02 A1203 F6'203 CaO ~\90 11a20 \(20 MnO TI02 L.O. I.

SM1PLE NO. DESeR I pT I O~I

61.60 19.20 0.84 <. OJ 0.56 0.05 2.60 O.OJ 0.75 14.20

GSl -150~ fraction

:. 2.70 0.96 <. OJ 0.67 0.06 3.40 0.01 0.90 0.42

aSIA As a.bovE' , .fir-ed 70.90

to 1000 C <" 01 0.61 0.12 2.70 0.01 1 . 10 19.90

Gst -150~ fraction 56.40 16.90 0.98

27.10 0.97 <.01 0.66 0.07 3.50 0.01 1. 00 10.92

GS2A -lOu +r-ac:tl on 55.70

1. 46 <.01 1.00 0.11 4.40 0.01 1. 70 6.'25--

"'~
CRI .. l~OM frac.tion 64.00 21.10

"

.......,....

~

.'
W
...}

0,.....
00
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DISCUSSION

We will divide this discussion Into two

sections, firstly dealing with the GS series of samples and
•

then with the CR series. Sample number GS6 Is excluded from

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

absense of clay.

The GS c::1a.ys

The GS clays are all very high In organic

content, which explains a number of very high losses on

Ignition. This Is not a disadvantage for ceramic use as It

will burn away totally on firing. However the very high

level of +150# is a drawback as it will require very large

screen areas to be installed by the customer if the

intention is to supply crude clay to the factory. The 150#

problem Is exacerbated by the problems ~llth dispersion as,

although it is believed that much at the material reporting

as 150# Is In fact undispersed clay, the level of power

input required to disperse this would again be beyond the

practical limits for a commercial producer.

HaVing made the abciv~ reservations, the

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

producer of White tableware. Fired colour is good to
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excellent, and such factors as shrinkage, and absorption all

within an acceptable range.

As much of the sampling was at surface the

150ft problem may have been exagerated both by concentration,.
and contamidation and the sample described as a statigraphic

I

section, GS7, having the lowest 150# level of all ,seems to

confirm this.

In general we would expect levels of 5%

greater than 150ft to be acceptable to the market and some
<'

more intensive sampling will be reqUired to determine if

this is achievable.

/ As far as producing a processed clay is

concerned, these clays have a number of possibilities. From

our assessment to date, for example, most of the GS samples

could be refined to yield a material competitive with a

number of existing commercial clays. This comment being

based solely on the fired colour and general range of other

properties. At what level they could compete depends to a

great extent on the chemistry.

Reference to Table 2, indicates that,

chemically, these clays are typical ball clays with

relatively high iron and titanla contents. This is likely to

limit their ceramic use to such applications as domestic

.'hite... are. They ... ould not be suitable, for example for the

export porcelain market. Other significant features are high

potash which will contribute to vitrification and save some

felspar cost to the user, and high magnesium, this may

Signify the presence of plastic montmorillonite, or may
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The CR c::la,ys

The CR clays are not encouraging, having

poor fired colour and, apart from CR1, being heavily

contaminated with grit.

Sample CRI was exceptionally low in grit and

had the whitest unfired appearance of all the samples. It

was the only CR sample sent for chemistry. Neither the fired

properties nor the chemistry fulfilled the Initial promise.

The clay I-Ias very high In free sll ica, with high iron and

titania, the fired colour was not good. The only positive

characteristic was the degree of self vitrification due to

the high alkalis. If this material were next door to a tile

plant It might have a future, but In Its present location It

can be ellmln~ted along with the rest of the CR samples seen

to date.
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Fu/'the/' wo/'k was commissioned to confi/'m

this using la/'ge/', /'ep/'esentitive samples f/'om the "GS·

range of clays. During the course of this wo/'k, some

paramete/'s would be established for the required p/'oces5

route.

Some p/'elimina/'y studies indicated that

clay~ discove/'ed by Savage Resou/'ces had qualities which

could make them suitable fo/' the p/'oduction of calcined clay

pigments fo/' the paint, plastics, /'ubbe/' and paper

industl'ies.

I
I
I
I
I
I
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Ma/'afield

PREAMBLE

This document, in two

desc/'ibes the p/'ocess /'oute established to

·p/'oducts" /'esulting f/'om these processes.

main

date,

937023

PAGE 1

sections,

and the
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Harafield PAGE 2

'PROCESS DEVELOPMENT

The starting point for the process

development study was data available to us on some American

practices in this area. The Tasmanian clay had a number of

features which suggested that it might behave in a similar

way to the American equivalents.

In general, the requirements of the process

were:-

1] To fUlly 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 reduce the free silica to an acceptable level and to

remove all coarse particles, which would interfere with the

intended end use.

3] To dewater and dry the refined product.

4] To mill the dried clay to a fine powder.

5] To dehydroxylate the clay using a controlled heat

process. (This would also burn out the dark organic



Marafield

staining. )

H3'"i025
PAGE 3

1] D~SPERSION

73 Tp air classify the powder to remove any oversize

aggregates.

Wa,.

100made at

microns

were

at 10

initial cuts

of cutting

In previous work

and the effect

2J REFINING

microns

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.

(Subsequent mixes were made at even higher solids, up to 70%

and these higher levels are recommended.)

6J To again finely mill the calcined powder.

In view of the difficulty in dispersing these clays

during earlier studies, it was decided to increase the

solids level to 50% and use ammonia to 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 so as to have a power imput of 25 KWHrs per

tonne.

I
I
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3] DEWATERING

examined. The silica level was si9niflcantly ~educed at the

fine~ cut, but was stili conside~ed too high fo~ pi9ment

production. For the current study it was decided to lower
I

the cut point a9ain to 5 microns, and this was achieved

using a "Mozley" 25mm cyclone fed by a 37mm centrifical

pump.

The system wo~ked 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% usin9 a staged system.

The fine product was collected in large plastic

drums and the underflow, a combination of extremely fine

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

held pendin9 any decision to examine or dump them.

93702G

PAGE 4

The fine product slurry was acidified to pH 5.0 to

coa9ulate the clay to assist settlin9. However the

a99regates 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 floculant (Alfloc

6271 at dose rates of 400 ppm was extremely effective,

forming large floes which settled rapidly, and enabled

slurry densities of 25~ to be achieved.

Na~afield
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3bl DRYING

pieces.

4J MILLING

937027

PAGE 5

In practice either a Hosakawa or Bauer pulveriser

bl Crush the dry cake to minus 5mm. (We actually

used a modified industrial mincer for this process.)

a) Dry the filter cake, either whole or in large

After a number of trials, involving drying,

extruding, and milling in various sequences, it was decided

that the material was most easily handied in the -following

~Iay: -

Nara-field

3al FILTER PRESSING

This is very much a trial and error process, as it

is impossible to predict the ultimate bulk density o-f the

-filter cake' or its moisture content. The samples were taken

in numerical order, the -first trial, on sample GS 30

resulting in an under-filled press which had to be topped up

~Iith GS 31. Further pressings gave no trouble and produced a

-firm;" handleable cake. None o-f the common problems such as

excessive pressing time, sticky cakes and -filtrate losses,

occured during the trials.

.-~-- ..... "--_.__ ._--,..
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and

peak

for
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would be used for this purpose, but these types of machine

are not available at a small enough scale for this

excercise. We simulated the eff~ct by using two passes

through a disc pulveriser, which, we feel, does not achieve
,

the same degree of fineness.

51 CALCINING

The production calcining technique is very complex

and concentrates on ensuring no hot spots, which produce

abra~ive particles, and also introduces a mixing action as

the clay cascades though the kiln. At this stage we can only

static calcine and cannot introduce the degree of thermal

shock inherent in the high temperature gradients used in

practice. (See accompanying graphs.)

Calcination trials were carried out under heavy

light oxidation and mild reducing conditions at

temperatures ranging from 950 C to 1080 C. As a basis

comparison, all the samples were fired at 1030 C and

reflectivities measured.

61 RE-MILLING

Again two passes though a disc pulveriser were used

and fineness checked. Due to a number of reasons the

material was too coarse and a purpose designed air

classifier was buiit to separate the product.



This process was introduced to rttmove particles in

excess of 20 microns and producttd a conslstant fintt 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-

I
I
I
I
I
I
I
I

-
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I
I
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1
1
1
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Harafittld

7] CLASSIFICATION

937029

PAGE 7



Harafleld

937030

PAGE 8

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

THE RESULTS

The aims of this phase of the project were:-

1] To establish whether the Tasmanian clays were

suitable for the production of calcined products.

2] To identify any differences between the samples

supplied.

3] To carry out preliminary work on establishing a

production route.

4] To produce some pigment samples for testing by

the paint industry.

5] To recommend a definative route for the

development 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.



with a strong penty odour, samples 34 and 35 were of a pale

We think that the refining 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 slight

variations in calcination conditions, and we do not believe

that these have yet been optimised. However under identical

conditions the various samples yielded the following

reflectivities:_

prL~lems and their behaviour was extremely uniform despite

th~ir superficial differences. Trials on recoveries yielded

very similar figures and we expect a level of 30% recovery

prior to calcining to be normal with a futher loss on

ignition resulting in an overall product recovery of 25%.

937031
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the same

particular

two

any

intofellreceived

GS 30 to 33 were very dark in colour

less organic odour. Where, ~or various

CLAYSTHE

Non~ of tle samples presented

buff colour with

reasons, any samples were c~mbined, only those of

visual type wer~ used.

The samples

categories, samples

Harafield
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The Accfine sample Is for comparison.

aware that colour responds to calcination conditions and the

determining final calcined colour with iron and titania

optimum may not be the same for all types.

937032
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7.8

8.3

YELLOWNESS

80.7

81. 7

BRIGHTNESS

being the most important. With the process envisaged here,

little use in predicting final brightness, but we are also

We feel that Iron is the overriding contributor to fired

yellowness and some systems for reducing It should be

examined. The included table gives full chemistry.

Chemistry appears to be the most significant factor In

Note: GS34* was fired at a lower temperature at high speed

The work to date indicates that the colour of clays is of

ACCL Accfine

GS 34*

GS 30 N/a N/a

GS 30/31 77.6 8.7

GS 31 75.1 10.2

GS 32133 75.3 7.5

GS 34 81. 3 6.9

GS 35 77.5 8.9

SAMPLE

Harafield
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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 over 2%. In general the

chemistry is very similar to earlier samples, and the

alumina levels (especially after calcining) are very stable.

On the basis of the work to date, it can be stated that feed

for pigment production should be selected on the basis of

low titania and iron levels.



- - -- --- -- - - - - - - - - - - -
, ...- >',< ...
,

CHEMISTRY OF SAMPLES
REFINED

SAMPLE NO Si02 Al203 Fe203 CaD Na20 K20 MnO TI02 L. O. I.

GS3.1 45 • .10 21.50 1. 00 0.03 0.79 0.19 3.40 0.01 1. 20 26.80

GS34 52.60 27.50 0.98 0.03 0.76 0.18 3.60 0.01 0.77 J3.50
,

~ GS35· 49.90 28.20 2.05 0.03-- . J ;()6-- U.19- 3.70 0.0 le---- __ 2.JO_ ..____ .!-2-d30

~u-I;-- GS30/31 46.60 23.80 1. 04 0.04 0.82 0.18 3.60 O.OJ 1.20 22.70
1-'\J-t'!.t.A-

GS32/33 46.00 2.1.60 0.98 0.04 0.74 0.18 3.30 O.OJ J .00 26.20

GS32/33 45.50 :t2. J 0 0.90 0.05 0.67 0.J9 2.90 O.OJ 0.90 26.80
(bleached)
--------------------------------------------------------------------------------------------------------------

--------------~-----------------------------------------------------------------------------------------------~
~)

..::::.

CALCINED

GS31 61. 61 29.37 1.37 0.04 1.08 0.26 4.64 0.01 1. 64

GS3<1 60.81 31.79 1. 13 0.03 0.88 0.21 4.J6 0.01 0.89

,}<-i Ur- ---GS35 57.22 32.34 2. <!§. ---Q-.-Q-~ 1.22 0.22 4.24 - (hOI 2.<t J-.-

GS30J31 60.28 30.79 1. 35 0.05 1. 06 0.23 4.66 0.01 1. 55

GS32/33 62.33 29.27 1.33 0.05 1.00 0.24 4.47 0.01 1.36

GS32/33 62.16 ~7 1. 23 0.07 0.92 0.26 3.96 0.01 1.23
Ibleached)



THE PROCESS
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TO

IN

ARE LIKELY

BE ACHIEVED

PROCESS

WOULD

THE

THAN

The refining technique used to date 15 crude and

somewhat Inefficient. In practice the process would require

a second stage comprising 10mm cyclones and a scavenger

stage to reduce losses to tailings. This can be simulated,

but the sample size available did not allow a more

The dispersion technique used was effective, but we

would like to achieve a higher work Input to ensure that all

the available fine fraction is recoverable. For pilot

purposes this would Involve modifying the existing mixer to

handle smaller volumes of material at higher solids. In a

pro~uction unit we would aim for a work input of about 40

KWHrs per tonne.

ALL OF THE DIFFERENCES IN

CONTRIBUTE TO A WORSE RESULT

PRACTICE.

The pilot plant studies have aimed at reproducing

the system used in America for the production of clay based

pigments. However, from the cost point of view, it was too

early in the project to consider using any purpose designed

equipment and the simulation has been carried out using

available plant together with some fabricated modifications.
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Secondary milling pl"esents no pl"oblem.

Hilling was not a major problem but could probably

be improved by using a small attritol" mi 11 <this could also

be use fol" the final milling of the calcined pl"oduct.l

937036
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b ..Canc:la'!5'3if icationAll"

Calcining is very difficult to simulate as the

Amel"ican process uses a Hel"l"eschoff kiln which contains a

sel"ies of tl"ays mounted on a vel"tlcal shaft and the clay

cascades thl"ough a tempel"atul"e gradient in about 35 minutes,

it is then flash cooled. (See eal"liel" gl"aphs'. To come close

to this pl"ocess would involve us in fabl"lcating a small

scale unit using high gl"ade stainless steel and Insulating

f i bl"e b I anl<eL

Harafield

The dewatering and drying processes used also

differed from the American practice, in that the clay was

pressed in the floculated state rather than being directly.'
spray dried. Our experience with small scale spray driers

has not been happy and simulating this phase is a problem.

It is possible that by employing a drum drier (which would

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

could be produced.

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.
I
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The accompanying flow diagram shows our best opinion

as to a final process for full scale production.

simulated, we already have a serviceable unit which we will

be making more flexible.

PAGE 14
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The table of refle~tivities indi~ates one of the

most Important properties of a mineral based pigment. In
r'

general the results to date have shown that brightnesses as

good and better than existing clay extenders can be

a~hieved, but these are still 4% lower than imported

~alclned clay pigments. The high yellowness figures are

en~ouraging, as it is frequently possible to modify such

pigments to increase brightness. Fa~tors contributing to

improved brightness are, finer particle size, better

~cntrolled calcining, and chemi~al iron redu~tlon.

In other respe~ts the pigments produ~ed to date are

too coarse,< a function of pro~ess 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 of a clay,

0.4 tonnes per metre, and a pigment, 0.23 tonnes per metre.

Although "'e would be happy for a small sample to be

examined by a paint manufa~turer for comment, we believe

that pigments of far better quality are produceable "from

s .. lected fe ..d.

937038

THE PIGMENTS
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PROPOSED PROGRAMME

A number of areas ranging from reserves to market

nowcneed to be examined.

Firstly some reserve needs to be established and we

believe that this can be done on the basis of iron and

titania. A number of auger drill holes will be required with

chemistry on each I metre increment. The aim should be to

establish a minimum of 500,000 tonnes of low iron/titania

clay. The areas most promising at present are those

comprising samples GS 2 (first serie~) and GS 34 , GS 32 and

33 also look interesting.

Secondly the market now needs closer examination. A

stUdy should be carried out of market size, paint, rubber

and paper, for pigments and of the Investment casting and

inSUlator industry as potentially markets for oversize

material.

Thirdly some further small scale work should be

carried out using existing material to optimise the

calcination temperature and investigate chemical reduction

of Iron which could effectively bring unsuitable material

into reserve. It might also be useful at this point to

examine the residues with a view to producing further

saleable products. We would particularly like to investigate

their use In white casting slips.



\ .

After the completion of this work consideration

should be given to the production of one tonne of pigment

from tht Identified reserve for market sampling both here

and overseas.

Only after the completion of these phases should

detailed plant design commence.

~..'
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SCHEMATIC FLOW SHEET

DISPERSION
60 KW

I
DISPERSION

60 KW
-----)----------1
1 50 mm cyclone ----)----- Tail
I I
1---<----- 10 mm cyclone

I
Spray Drier

I
Bauer I'\i 11

1
Herreschoff Kiln

I
Pnuematic conveyor/cooler

I
Bagger
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: World kaolins
I Genesis, exploitation, and application

I by Colin M. Bristow*

I
The mineral kaolinite is one of the commonest minerals in the
uppermost 10 metres of the continental crust, ranking in abun·

I clance alongside minerals like quartz, mica, feldspar and calcite.
Only very exceptionallfdoes it possess all the necessary proper·
ties needed to make it worth commercially exploiting.

The tenns "kaolin" and "kaolinite" are derived from a locality

I 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 European missionaries
and explorers in the eighteenth century.

I Kaolinite is the mUleralogical name for a white hydrated
aluminium silicate clay 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 containing

I significant quantities of kaolinite. The term "china clay" is mied
for kaolin produced from the primary kaolin deposits of South
West England.

Clays containing kaoHnite as the principal constitutent may be

I used in an as-dug form, for example, to make bricks or ceramic
products; or they may be refined to remove the coarse fraction
Ilr other deleterious minerals. Most statistics refer to refined
kaolin production which world-wide now amounts to just under

I
~om. tpa, worth in excess of $l.OOOm. a year.

Most commercial paper kaolins are :'iuld on the basis of their
physical properties, such as brightness, particle size distribution
andior rheological charJ.deristics: ceramic kaolins depend on

roth their physical and chemical characteristics.

IMineralogy of kaolin deposits
\. commercial kaolin can be composed of either kaolinite or
l<llloy~iteor a mixture of the two, together with smaller amounts

I
f minerals such a=5 mica, quartz/cristobalite. feldspar. alunite,
mectite and various rorms of iron and titanium oxide,

•(aolinite

l aolinite is always fine grained and normally occurs as crystals
anging in size from a fraction of a micron up to several hundred
)icrons across. The structure of kaolinite shuws it to be compos·

,<r1 of" tetrahedral sheet ISi,O,,) linked to an octahedral sheet

11.0 .IOm,) to form a single layer. The relatively weak bonding
l't\\.'een the layers gives the mineral a platey character when
i(lwed under the scanning electron microscope. The SEM also

f )WS that kaolinite occurs in a variety of forms ranging from
all pseudo· hexagonal plates randomly oriented. through small

acks of plates, to large curled stacks of plates with individual
ate.s having an irregular outline. Within the crystal lattice

l lere may be a de,i..,rree of di.sorr!er, notably in the b·axis direction.
!'neraUy ~peakin~. tine j.{ruined Kaolinites formed under \OW

mperature diJ.g-enetic cundition;.; tend to be disordered anr!

kaolinites 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 control the
rheological properties of clay/water mixtures, interlaying of
other clay minerals such as illite in the kaolinite crystal can also
affect these properties. The presence of iron, either in the
kaolinite lattice, or as an oxide coating on the kaolinite. is a bad
feature, because of its effect on brigh~ness, both raw and fired.

The overall composition of kaolinite is Si.AI~0 I o(OH)g or. ex­
pres~ed as oxides, it is SiO, 46.5%, AllO ) 39.590 and H, 0 14.0%.
The <:rystal structure is generally resistant to attack b.1,! most cor·
rosi\·e Ouids. so that kaolinite can be regarded as an inert white
powder which will not react \I,.'ith most mediums in \\"hich it is
placed, which is another important commercial property"

.'~----

FigHre 1" Kaolin stack.

Halloysite
The commonest rorm uf halloysite ha.s the same comp(J~ltI()n a~

kaolinite. but there is a rarer form which has an additional ..;heet
of uriented water molecules bet\,,:een the layers. On heating to

\Oooe thi::. water is lost and the composition reverts to a normal
kaolinite/halloysite. The appearance of halloysite under the SE:\1
is quite different to kaolinite and it is usually in the form of
tightly rulled scroll-like tubes. In certain ceramic.: applicatiuns
halloyslte has advantages, but in mu:;t other Uses it~ pre:-;enLL' is
neutral nr disadvantageous.

Other minerals
Gl.'nl..'rally ~lwakinK the pun..'l· the kaulinite thp bt.,ttt.,l' It 1...; P;lr·

tieul;tr!\· rli:-:a,jYantageuu::i miner;JI;o; :.In! the I\,[(tl.'~ (ll' l\'!ll\ ;l.Il(!

tit:UlI:1 ~\'hi('h ('(llilur thl' (·1:1\· :lfld P·f·dlll"\' it:' briL'hLlw,,;,,;. T,·



I WORLD KAOLINS

I
I

siliec\' can cause abrasion problems in paper applications.
Micas and feldspars may have some influence on the

rheological, brightness, and abrasion characteristics. Smectite
can cause severe rheological problems in a paper-making context,

I
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 tiring it decomposes and releases H, SO l •

PrirnarrKaolins
Secondary Kaolins

Weathering
Hydrothermal
Solfatara

Kaoliniuri Car-Figure 2. flond Briza,
bOllifl:!l"OlU' Arkose.

HU\vever, under these circumstances the bauxite laver is usuallv
underlain 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 commercially_

In past geologieal times, e::;pecially in the Eocene and Oligocene
(between 5501_ and 35m, year.s ago). the Earth's climate was
much warmer and deep lateritic weathering took place at
!atitude~ of lip to 50°. Sometimes these ancient weathering pro­
files are preserved beneath a layel' of later sediments and may
be used <I::; a ~Ulll'Ce of commercial kaolin. Still older weathering
protile::;. of eal'\y-Mesozoic age (around 100m. years ago) form the
kaolin depusit~ exploited in the Crimean area of the USSR. If .:t

hauxite was in one of these ancient weathel"ing profiles it may be
rc-silil:ated by circulating ground water containing (rJ.ces of ::iiJka
tu bel'unte neoformerl kaolinite. Thi~ process appears to hayc
upel-ated in some of the GeorbrialSouth Carolina kal?lin depo::;it:-i.

Hydrothermal alteration ::iimply means the alteration of rucks
by L"iYL'ulating hut wateJ', The heat may arise from the cooling of
a large iml'u~i\ie mass, such as a granite, or it may arise due to
deep circulatiun of w,lter, or it may be due to heat generated by
abnormal <.llllOunts of l'adiogenic element:; (high heat
produLinl{= HHP grClnites). Surprisingly it i~ probabl_v the la;;t
fador whiL'h is the mu:::;t important, although to proclul.'e depo~il:5

on the ~l'ale ~el'n in South \V/:,st England it is necessary to invuke
a \\"hole ~eriC's of event::. and circumstances. Permeability play~

an important I"ole ror, without fraduring amVor g1'<.JnuJation, the
permeability \.... ill not be high enough to allow fluids to circulate
thruugh the ruck and alter it.

Gr'anites are by far the commone~thost rock for primary kaolin
deposits and granites with a low or non-existent biotite content
are espel.'ially favourable, because of the effect of the iron releas­
ed fl-om biotite during kaolinisation on the cotour of the kaolin.

The china l.'by deposit::. of the St. Austell granite in southwbt
England are the most spel.'tacular example of kaolins in a glJ.nite
Selling. Thi::; Variscan granite hus two micas - muscovite and a
lithium-l'il.'h mica_ The latter may well in part have been furmed
by met:..lsomiltjc alteration of original biotite with the iron 'releas·
ed Iwmg moppt·d up by borun-rich tluids to form tourmaline"
Artl:'t- a hig-h tl-.:'mperature hydruthermal mineralisation which in·
volved extensive gTel;;enisation, tourmalinisation, and SnN/Jeu
millt:',-aJisation, then.' followed the first stage of argillic alteratiun
which in\'oh'ed ::ialine fluid::; produt'ing a :.-'oftened-up granite with
illite and :-i1llt:'l:tite, not unlike the argillie alteration in some l'OP­
PI'I' Jltlrphyril'~, :\ !atl'r I"'qlllllg-ed period uf t:il'culatin~ w:lI-m
r,'(':-:h water ..dtL'l"l'd the ;,ofter[(·d up Ifl-,witt-' to the k~loJjnjtL'

dOlll1llatl·d cla\' mineral a:-::'l'mhl:q.!:l' \\:e :-il.'!:' today, The llverall pr­
,.' "!" 11;' :I!T\'!":L1i'lI: I": ~i'l1l1dr ~d IXt"al[II'!"!l1o:! \~irh ~hl> t"C'ld"~p:II'~

Potash
+2KOH

Silica
<~~j()

Cillb:-:itL'
::;~.\:(()H1

Watl'"
-H I)

Water Kaolinite Silil.'a Pot:.l:5h
+3H,0=AI,Si,0,IOH), +-ISiO, +2KOH

K,jt;Jinitl'
\: "..;, f) :()!-I1

Illite Water Kaolinile
2KAI,IA1Si,)0,"IOH), +5H ,O=3AI ,Si,O,(OH).

Potash Felrl~par

2KaAISi J O!

Primal'Y kaolins are developed in situ by the alteration of
minerals such as feldspar or other aluminium silicates to
kaolinite, and se<:ondary kaolins are laid down as sediments,
usually in fresh water.

Weathering is a ubiquitous phenomenon, but it operates at
maximum inten:.-;ity in hot, humid tropical climate~. In present
day equatorial regions whi<:h have a high rainfall the deeomrosi­
tion of feldspars and other aluminium silicates in granites and
metam0"l)hi<: rocks can be rapid. and even other clays and srw.le::i
l.'an alsu be quickly altered to a mixture of kaolinite and quartz
(Loughnan, 1969). We may look upon the prucess as e~~~ntially

the hydratiun of anhydrous aluminium silicates accompanied by
tht· removal of alkali~ viz:

The disadvantage of this classification is that in many cases there
is considerable debate over which process has operated and in re­
cent years it has been realiseu that many de/Josjt::-; have
originated by a combination of proce:::;ses (Bristow, 1977).
Huwever, let us look at the pnJ<:esses which operate in each C.}.";.€'.

The depth of alteration can vary from a few metre::; up to one
hundred metres in exceptional df'cum~w.n('e.s. lron·neuring­
min~rab such as biotite mica 10:5e theil" iron during the pro<:e:5~

of alteration and this released iron l10linally colours the altered
material brown. yellow, pink or red. which makes it cummerdally
of little value ex<:ept for luw value ust:'::; ::;u<:h a~ bril'ks, tile.s and
drainage pipes.

If the alteration involve::-; particularly inten~e lea<:hing, the pl'U­
cess can muve a step further and after the remuval uf all free
silica in the matrix the k:.lolinite itself can oe desilil.:;lted to vield
one ur lilt" minL'rals of thL' bauxite group. viz: ~

Primary kaolins
The classification of primary kaolins has been convcntiona,t1y by
thejr mode of origin (Bristo\I,.·, 1977):

Genesis and classification of kaolin
deposits
The genesis and classification of kaolin deposits has been the sub·
ject of many papers (Bristow, 1980; Kuzvart, 1984); two broad
divisions call be I"€cognised:
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I,
in the gTallite being converted to kaolinite wtlh some line mica
;lnd "orne of the primary mka ;),[:'0 being altered to kaolinite in
the more inten::;i\"el.v :altf.'l"f:o areas. The heat ::;oUl"ce fm" the early
c:tage:::; may \\"ell have been mainly from intrusive borlie~ \l;1thin
the batholith ibe!f anrl for the ~econJ stage of argillic alteration
radiogenic heat frum the abnormally high uranium and thorium
COlltr'fHS of the granite.

High permeability \~·i.l.S maintained by regular earth
Jl1n\"ement~ fracturing the granite in l\lcsozoic and Tertiary
times. no doubt partly l'et1ectin.~ t'he plate margin po::;ition of

I ::::uuth.\-\"est England. Some of the alteration m::l.Y be paJ"tly due to
deep lateritic weathering in lower Terthu'y times.

Sumewhat 'Simllal' kaolin deposits occur in Bohemia, but
\\·eathering may be more important there. There are many

, :'.ma!li~h deposit.::; of kaolinisect granite in BriUany and North
West Spain (Galicia), but these are not a~wciaLed \\ith HHP
granite:'; and \\"eatheling appears to have played a much more
dominant role in their rorm~ltion, although in most cases the

, kaolinisation can be related to ~ome unnoubten hvdrolhermal
feature such a:-; a major quartz \·ein or group of veins. \\·hlC'h must
ha\'e softened the granite up in some way.

[n some c<\:-.e;;; <l mino!' intrusi\·e may be hYdrothermal1\' alteren

'

by fluids, pussibly heated by the tJre~ence"of the intrusi~n itself.
The Burella occurrence ill not·them Spain anti the SUZhOll kaolin
:]t:>po.sit,:; neal' Shanghai in China ,u'e examples of thi5 kind of
ieposit. Hyrlrothel'maJ dcpo:-:.it::: <i:,::oLlated \\"ith metalliferous

IlllPhi1le mLnel'ali:3atlonJrequcJ1tly havE.' ::,ome alunite present.

I
~tara J.lter~lti\'l\. Is t.YJllc,il uf the, w,~ntng- ::-;ta~l'::-; ()f '-lcld
Ism. In thl'se ~JtU'-ltl(Jll::-; :.t. pill..' Ilt and \·o!i..:i.Ullc:i may h~

I hy :.;[eam or hilt water, rich 111 :iulphul', p~l:->;'.ing thrllu.I!h
,..~k;-; en )"oute tlJ di:'ich~u·g-(' at thl' ,';'11l"f<lI.."t..· :(:; :,tl'alll jd,;. hot

•

. de.:. Oi'pO:-ilt., ~n Lht' :\olt..·diu~IT~UI\·all, ill th,- !lornI.-' ,In',l
thp j;'daJ1rl of .\-W'I,"';, :ll"l' lypil"al o)f thl:' _,ort 'It ;t!ti'raliDJ1.

,I.' (If thl' :-:ulphuJ' nhidl i:-: O(tl'tl pr(':-'~'l1l ~11 thl· II;I[J\'(' flJl'll1.

•:' \,_\;tt'I1 ...:j\-(· t'IlI'!ll;t(\,m tIl' ahlllill'. Till' "I"\"::-:t;([ "-tZ\' l)f thoI"l""" \·"kmi,· """]". '.' h"·;,,,·, .i:,,- ,i,·,.,,·"':,ei,',·
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is of a siZ€ 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
,Ilhere their high silica and sulphate content does not cause
problems.

Secondary kaolins
There are a very wi.de range of types of kaolin found in sedimen­
tary rocks, We can broadly classify these into three groups:

Sedimentary kaolins (s. stl"',)
Kaolinitic sands
B"II clays, fireclays ami flint clays

There are transitional types of secondary kaolin which link al! the
abo\'e main types and we can identify three conti.nuous series
(Bristow, 1980);

1. Sedimentary kaolins/ball days etc,
2. Sedimentary kaolins/kaolinitic sands.
3. Ball clayslfireclaysminl clays.

Diagenesis plays an important role in the genesis of many secon­
dary kaolins am! some so caHed secondary kaolins such iiS

kaolinitic sands may be pronuced in situ by alteration of the feld­
spars in an arkosic sand by circulating ground water. Further­
more weathering, especially in the tropics, can have a profound
effect in converting a Jaw quality clay into a useful kaolin deposit,
so 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 clayg, fireclays, and flint
clays; and kaolinitic ;,ands.

Sedimentary kaolins
The essential characteristic of a sedimentary kaolin is that it
yields OYer 60% of kaolin product and that this kaolin product
is white enough, after appropriate beneficiation, to be used
in applications such as paper where unfired brightness is impor­
lant (an ISO brightness of oYer 75 after beneficiation would be
t'ontiidered the minimum acceptable brightnes~,see Tables 1 and
i). The classic locality for thi:.; type must be the sedimentary
kaolins in GeorgiJiS. Carolina (Patlerson and Murray, 1984t
Late Cretaceou:.; and Early Tertiary sediments were deposited in
a tidal nat environment. The ~edimcntary material originated
from deep lateritic weathering' mantle developed frum the
<:1·y~taHine rucks l)f the Pi('dmont eroded and tral1:->ported ttl tht.:
i:1)i!~tal ('n\·ll'nmn\·nt. Hi-.:h ut~ll\i:l L'll!1t;·~:~_..: :1'. ~~~,t:' fI'" ", .
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~()lltCllts which were gTeatly reduced by prolonged weathering

I HI leaching. The development of large vermicular growths of
lOlioile suggests considerable diagenetic development of

..lOlinite has also taken place. There is evidence that some ballx­
:es were developed as \\,.'ell and that in places these were re-

l icated to bauxitic ChlYS and kaolins.
fhc older Cretaceous "kaolins tend to be whiter ann,coarser
:tined. whilst the Tertiary kaolins are tiner grained, slightly

fey ann have a range of other features which suggest they are

I
Vin.g- to\\'ards the baH day end of the series.
'lo:;t uf the kaolin worked in GeOl'gia and South Cal'olina oc­
'S in the form of lenses in a generally sandy succession.

Other <.ll·e<\~ in the wul"ld where similar sedimentary kaolins are

I
nti include Amazonia, where there are extensive iate Tertiary
V~ which in almust every case have been modified by having
auxitic weathering profile superimpused on their upper pUli.
~ome ca:;e~ the bauxite3 are sufficiently well developed to

I
resent futul'e potentially et:onumic ueposits.
he e1o,:o;est analug-y to the US ::;edimentary kaolins in Eurupe
the EOi.:ene days in the nurthern part uf the .-\.quitaine basin

the Charente Department of Fl'anl:e. The::;e. however are tran-

I
·mal towards ball clays and al'e nut J'eally brig-ht enough for

in paper. which is the pt-int'ipal use for the US days. Indeed
e uf lhQ Charentc day";/, are true ball clays and aJ'e suld as

'h,

I days, firedays. and flint clays
'e :-;huwed above there is a pl'og-re:'.~i\·e change from .sedimen­

.. kaolin.s towards ball clays in many areas. A tl1le ball clay

I
lly has good fired brightness (:5ay over 50 at llS0 G e or
°Cl. good moJ.ulu~ of rupture and good plasticity, \·... hich is

to its combination of extremely fine-grained b-axis
rrlered kaolinite and the presence of ilIitic mica and certain

f
'· ic. curnponents. see Table 4. Ban clays are mainly used in

ic applications, where their special properties are of real
. Ball clays are almost invariably laid down in fresh water

I
s e~r river fioon plains and are frequently associated \\ith

must curious coincidence is that most are of
e/Oligo(:ene age not only in Europe but in North America

ell; a climatic reason for this coinduence is likely.

I
of the rea:-ions why ball clay::; al'e not often found in older

tions than the Tertiary is that with a deeper and longer
a ball cby will become lithified to form a non-slaking, non­

ie, shaly m<lterial, which is. in effect, a tireclay. Whcrea.s ball

I
·1'(.' a:'isociateu with lij..,rnites, firecla,-y'i. are u~ually <.l:5sociatcd

igher rank coal:,. reflecting the g-reater lithiticutilln uf the
Lilll1. Huwever. many lireday:; have t.'ompo:-;ition:;. IlLltably

nns 1)( iron and titania. \'\'hit::h m<lk~ them un:,uitable fur
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white\\';!l'e pmc!llction bet'<lu:3t- of poor tired bl'ighwess, and
m..mv lignitb h<l\:E' davs <t::i:,-oclalen with them which are certain·
ly n~t ,~-o()d enough to· be regarded as commexcia! ball days.

The tcrm "fireclay" also ha:::: different usages ill different coun­
tries. The term is of Anglo,S<lxon origin and refers to the clays
found in a~soci.aLion with Carboniferou~ coals in Britain and the
eU'i.tern USA... Because the type of kaolinite in fireclays in
characteristic and distindiyE' (b-axis dis(wdered), the term
"fireclay kaolinite" began to be used. Subsefjuently it was found
that most ball clays contained the same type of kaollnite. in Ger­
many this had the unfortunate result that any clay which was
used for refractury purposes and contained b-axis disordered
kaolinite came co be called a "fireclav". at least in commert'ial
cin:les. This include;; a lot of material ~\'hich most US and British
geolu!"risLs would call ball clay.
Th~ term "ball clay" originatel'i with the important ball clay in­

dustry in De\"on and Dorset, UK_ In earlier times the clay was
\.... ol'ked by being cut out by hand in leu. ft. cubes. In the course
of h..mdling the plustic cby the:;(' cakes became rounded into
"balls". hence the term but! chw.

The deposit.:; in Devon are of Eocene/Oligocene age and were
depo~it('d as lacustrine or flood plain deposits in fault fonned
bU:5ins_ The South Devon deposits are associated with lignites_
Thesp cluys are especially valuable for the prod.uction of high
quality t<lble\\',we ann porcelain and are exported all ovec the
world. The deep weathet'illg which produced the raw material for
the:o;e ball day.:; was ill rE'spuns.e to <I. climate unlike anything on
this planet toda...... The clays were laid down at about 40o-50oN,
and frum pullen ami other geobotanical ~tudies \'....e can denuee the
dimate. Wi\'" warm. frost-free. ~eas.onal ann extremely wet. Much
the ~alJle picture emerges for the main US ball clay producing
area.::: in I\entllt'kylTennessee and Troup. Texas (patterson and
Murray. 19t:-l).

Fiq/ll'l:) 6. Baff cL({y. S, D«l'olf.

The t::llJ.<o;e,.,t jll'l':.::ent day analogy \\'ith the original depo:3itional
environment ufhall elay~ is fount! in SE _-\.sia where deep lateritic
weathering- mantle i:'i de\'Plnped on the higher .611·ounLl and the
wpathen_·d materiul I'i. w<l:.'hL'd down onto lower ground where
the day rnall:l'i:d i:-:. tl'apped in paddy fields. Chemk-al analySIS of
thi::. clay .-.;ho\\·:, it to have;l Similar t::omp()~jtiun tu a ball Llay. but
it:; mirwral(Jg'y b quile different. with ),J1bh;:,ite, hallnysite and
somt! \\jJIl urdered kaulinite a.-; wplJ ;I:' :.,ume material which i~

bt':'t dt·...;cribed rio:; "degn.lC1L'd ~ilicate lattice \\Tl'ckage·'. Thi:-; is.
in dTet:t. '-l day \\-hic:h ha::i nnt undeq!unl' diagene'i.i:;. in the PI'O­
t'C:-;,S of \\-hit:h it Lan be expected that :1l1 Lhe material will cOlwert
to a ul1lfonn nllxtlln' '11' b-axi:-:. di ...;nnll'rt'd K;LOlillitl'. I1litt'. ;Jlld
silica.

Fil'l'cl:I.\""; ,ll"l' ,ndi'::,prv;ul in a:':-'ll>:iaU'\ll with I_bl' l.':u-\)fJllift·r'lu",;
roal ml':L";IJr!'...; ,jt' \\','_"'ll'nl 1':llr"IJI' :llld lflt· ,,;l..;lt'rn p:trL IIf t!u-'
(SA. 111 jlt"l"'illll:' lillll';' till',',' \\i·t"!' 1'.\!l"!I.--'I\·r'I\' 11:-:1',1 tIP I' !"t.r'I':Il"-
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tories, but thit: use has declined sharp!\' with the move towarrls
basic oxygen steelmaking and hjgher~ duty babic refractories.
Opencast coal mining could provide va:::.t tonnages of Jireclays.
but most are nuw dumped along with the rest of the w~ste

material. due to a limited market.
Flint clays are .sf:lecial materials which, although principally

co~posed of kaolImte, are hard non-slaking rocks with a con­
chOIdal fracture. Mo:::;t flint c1ayt are composed of comparatively
well ordered kaolinite with low iron and other fluxing com·
ponents. Generally they are highly refractory with peE's in the
mld-thlrtl€s. When fired in a refractory situation they yield a
dense, strong mate~al which is able to withstand a much higher
duty than anY,ordwary clay based refractory, \\lhich seems jn
part .to reflect lmportant ,textural characteristics within the clay
and Its fired counterpart.

Flint clays .seem .to arise in two different ways. Most of the US
examples (Mlssotp:l. Ke~tucky) seem to have arisen by prolonged
leachmg and recrysta~h~ation, so that the alkalis were largely
remov~d and. the kaollmte formed large interlocking grains.

In Mlssoun the process of leaching has proceeded to the stage
where ~ome di-sili~~tion.of the kaolinite has occurred leading to
formatIOn of bauxltlc mmerals such as diaspore and boehmite.
These super heat-duty "burley" and diaspore days are especially
valuable refractory clays.

Some of the "European flint clays, such as the lower Palaeozoic
clays of the Oviedo area in northern Spain, appear to have been
formed by regional metamorphism converting a clay, which must
have st~lted out ~omet~jng like a ball clay, into a dense, hard
n.on:slakmg rnatenal whICh can be calcined to yield a material
SImIlar to the US flint clays. Another important area of flint clay
production is South Africa, which is probably similar in origin to
the US examples.

By increasing metam011>hi~m a kaolin will be converted to a
:~;latey rock and eventually to a rock rich in Kvanite and an­
d~l~site. In Finland lower Proterozoic weathering mantle 2.3
bJihon years old, almost certainly originally kLloHn, has now been
converted by metamorphism to kyanite and and<.Llusite which can
be worked to provide refractory materials.

Kaolinitic sands
1n many parts of the world kaolin is ex.tracted from sands which
ha~e a kaolin content of less than 20%. Very often the accompa­
nYIl1g- sand can be used for com,tructional or indu~tri<ll use:::;.

Some kao~initi~ sands arise by the alteration of the feldspar in
an arkose U! S1tU by percolating ground water; othel's were
originally laid dO\I,.'n as a mixture of kaolin and sand.

Examples of kaolinitic sands are the Triassic Hirschau­
Schnajttenbach occurrences in West Germany and the
Cre~a('eousocc..:ur,rences in Cuenca and Guadalajara provinc~s in
Spam. Other slmllar occurrenees in Tertiary and Carboniferous
age are found in Poland and Czechoslovakia.

Many important oil reservoir rocks in the world ,U'e in
kaolini~ic sand.s, notably in the North Sea. The diagenesis of the
clay mmerals m the sands plays a very important role in deter·
mining the reservoir characteristics and. as a consequent'e, have
been extensively studied (John~on and Stewart. 1.985),

Exploitation of kaolins
In vie.w of ~he gTeat diversity of types of kaolin depo:;it. the
followmg Will deseribe the working of each type of deposit
separ<.lte]y,

Primary kaolins
Exploration fur pnmary kalllin:-; bt:'g-ill~ with ;1 litl'J":ltul"l' ::ie;lr~h

fot' suitahle parent 1",N.'k typC:-i, -;ut:h <1:-; leul"og-ranitt:':-:. in thl:.' arl'<J

1"llllU.'rlll'd. tl)L:"(,thl,'l" \\'ith illdic,ltil)lb olf I''\tt'!l:-'lve alteration
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~~~:~"
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. .,,__h:~~ -
Figllre 7" Blackp(jol china clay pit in Conlwa£!- 140ft deuJat('i'·
ing thickeners.
SuUI'Cl': r.CC llllt'nlll/icln,,) Lid

geological analysis of the geomoqJhological characteristics with
especial attention to lineament intersections and "soft" .U'(';l:'

underlying the lower ground. This can then be foUo\\'ed b \
~~und survey work and a programme of gravity and/ur l'e;-:'i~­
~\Vlty geophysical sun:eying accompanied by limited hand <lU,in\~'­

mg. Any samples obtained can be tested in the laboratorv fill"

t~ejr. co~mercial properties such as brightness, particle· ~iz,'
chstnbutwn, and rheological characteristics. In practise none ,,;
~he above may be done because there is. already a small c1ar PI"
m the area which shows \vhere the clay is anri whal kind of quai:­
ty is likely.
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to be collected and brought back for pilor plant processing to
determine the optimum flowsheet and to examine in great detail
the hehaviour of the clay in commercial applications. This must
be allied to a detailed study of the marketing and distribution
'ispeds. I 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 nearhy plant
where it is slurried in a trammel; roUawed by sand removal using
::;piral or rake classifiers. followed by hydroclones and/or gravita­
tional refining in large tanks. For coating clays centrifuges are
required to obtain the fine pro·duct. Some simple means of
bleaching may be required, although this is by no means univer­
5al with primary kaolins. Dewatering, filter pressing. and drying
then lead to a product at 1090 moisture or less. In recent years
the development of slurry shipments has tended to eliminate the
rlrying ~tep. Very close attention to product quality control is reo
tjuiJ'ecl at every step of the production process (Pemberton. 1983)_

Secondary kaolins
Exploration for seElirnentary kaolins, kaolinitic sands and ball
clays is best done by straight fOr\I,·ard 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 kaolins, with a regularly spac'
eo core drilling pr..ogramme and detailed laboratory 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 difference:; with primary kaolins. In
the ca3e of sedimentary kaolins fOl' usc in the production of prin·
ting and writing paper. as in Georgia. the clay is excCl\'ated from
a wide variety of locations which may be sl':.lttered O\'C'" a large
area, artd taken to a central refining plant, this being po:;sible due
to the high recovery of product (oa 70 -80%) in most sedimentary
kaolins. Primary kaolins have to have their plant nearby as it is
uneconomic to transport matrix containing only 200'c prorluct
0\"('1' large distances. Thereaftel" the refining follo\\'s a :;;imilar
route. although there is usually more exten:;i\'e coloul' beneficia·
tion by notation, selective flocculation, reductive ble<.lching, ox-

D37048
idative hleaching and/ur high intensity magnetic sep'aration. The
extra cost of all this treatment compensates for the lower cust of
extraction for sedimentary kaolins. Most sedimentary kaolins are
spray dried to a very low moisLUJ"e content.

Ball clays, fireelays and !lint clays are excavatecl and used in
the as-dug form, so great care is needed to control the mining
operation, and blending of different qualities from covered
stol'kpiles is needed to ensure consistent quality. With the higher
quality ball clays and flint clays some underground mining mav
be worth\y'hile as in UK. France. and Spain. ~

Applications for kaolin
The most important use for kaolin in tenns of value is in the paper
industry. Kaolin is used in large quantities, 10m. tpa world­
wide, as a wating and filling pigment for paper and board. Many
grades of paper contain about 30 wtlle mineral pigment of which
a large proportion is often kaolin. The nemand for kaolins for
paper is still incl'easing although recent years have seen a rapid
growth in use of alternative pigments such as calcium carbonate
(Clark 1986).

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

Coating pigments are used to achie\'e a smooth, glossy surface
for printing. The requirements of gloss and certain specific pro­
perties to improve printed paper quality, and the rheological con­
ditions involved in the modem, high speed paper coating proces.5i
all place strong demands on pigment properties. Coating
pigments including kaolins need to have consistent rheological
and optical properties and to give con5istent coated paper pro­
perties. Typical kaolin coating gl"ade~ are shown in Table 2.
Kaolins are pl"eferred for high glo.5is papers particularly
lightweight papers (used for mail order catalogues, magazine:,;
and lIlserts) and for papers printed by the rotogravure pl'O('e~s.
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Table 1: Typical tiller clays

I
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Grade
ProduceriC0 It 11 t1'1)

+ 10 micron 9c
- 2 micron %
ISO Brightness'

SiO,
AI,O,
Fe,O,
TiO,
CaO'
MgO
K,O
Na,Q
L.O.1.

Kaolinite
Mica
Quartz
F'e!l!.spal"
Anatase
Geological

Environment

Gmde C
ECC! Il.:KJ

5.4
50
81.0/5.5
47.2
37.4
0.%
0.14
0.11
0.18
1.41
0.07

12.;;
90
9
1

Kaolini:-;ed
Granite

(hydrothermal)

AI1'ul·.~ 20B
A ITor.~ (Fml!cl!)

15
49
82.7/6.7
48
37
0.7~

0.09
0.04
0.2
L:l
0.05

12.3
89
8
2

Kaolinbed
Granite

(weatheringl
hydrothermal>

Acme
ECC! rl.:SA)

G,-1
S~.-l/7.0

-1fl
:18

0.89
1.5
0.08
0.10
0.42
0.20

13.4
9.)

:]

1.5
Sellimental'j'

Kaolin

Pitlollg
Ere! (Allstrullll)

:3
78
80.-1/9 ..)
47
;18

0.1;2
0.63
0.03
0.1
0.16
0.11

13.7
97

1
KlOliniseci

Granite
(weathering)

A/plea/ill
ECC! rBrazil)

41
:30
8l.1j/8.2
46
;39
0.;;2
0.04
0.05
0.06
0.94
0.17

13.5
9;)
5
TR

Kaolinised
Granite

(weathering)

53
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ITable 2: Typical coating clays
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I Grade
Producer/Country

SPS
ECC! (UK;

Alphacote
ECCIIUSA)

Betagloss
ECCIIUSA)

Amazon 88
Caulim da AmQ20nia

IBrazil)

55

97
85.4/6.0
74.4
46
37

1.8
0.98
0.02
0.07
0.0
0.08

14.3
99

1
Lateritic

Weathered
Sedimentary

Kaolin

94
84.7/6.7

74.0
45
38

1.0
1.6
0.06
0.09
0.13
0.29

14.0
99

1
Sedimentary

Kaolin

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, howl2ver, and carbonates, talc, mica,
and a variety of other silicates are competitive with clays.

In paints, kaolins and calcined kaolins are used as 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 and
whiteness - while the range of particle sizes and shapes enables
the physical properties of the paint film to be influenced. The,e
properties include surface finish (matt or gloss) scrub re~i:stance,

penneability, etc.
In plastics, and in rubbers, fillers are used in a variety of ways.

Fine kaolins and ball days provide some reinforcing pruperties
in ruhbers. Clays abo affect permanent ~et and culour. Calcined

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 magnesia, 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·
tories 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 a 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 calcined 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 kiln furniture fre­
quently consist of cordierite based materials. These are produced
from china clays and talc, with suitable calcined grog.

89
88.4/4.5
74.5

46
39
0.58
0.53
0.04
0.04
0.07
0.18

13.9
100

Tr
Sedimentary

Kaolin

78
85.6/4.4
69.7
47.2
37.6

0.68
0.04
0.08
0.2
1.39
0.08

12.7
93

7
Tr

Kaolinised
Granite

(hydrothermal)

,.

I
I

1
--2 micron %
ISO Brightness'
1/iscosity*

SiO,
AI,O,
Fe10 1

TiO,
CaO
MgO
K,O
Na,O
L.O.1.

I
Kaolinite

. ~Iica
Quartz
Feldspar

I
Anatase
Geological

Environment

I *ISObriRhtllesses are ab~;t 1-2 unit;; lower than the GF. brig-htne:,;;es wictely u:ied in the US.
Fur lwig-htness and viscosity meal'uremenl methu(h; see "Eng-I ish China Clays, Products fur lhl;' Paper Imlu:>ti·y - Test Methud,,",
.-\ll result.s from ECCI Liboratoriel'.

I Ceramics
The ceramics industry includes many different sectors;

"- tableware, sanitaryware, wall tiles, floor tiles, electrical and in­I dustrial porcelain, etc. A wide range of different formulations are
employed. 'N'ith different firing conditions. Thus tableware can be
produced as high quality bone china, as reduction-fired hard

I porcelain, as a variety of other vitreous products including
aluminous porcelain or as porous earthenware_ Other sectors
:\uch JS tiles also cover a range of product types. The ceramics

; industry also uses a v.ride range of making and shaping methorls,

,
- from plastic making to casting and dust pressing.

The majority of white coloured ceramics contain china clays
a.nd b<lll days. Both are selected for consistent chemical composi-

I
' tion. so that the firing and vitrifying characteristics of the body

do not vary. and so that the brightness and translucency of the
fired ware is satisfactory. In addition,the clays contribute to the
green strength of the ceramic body, and to the plasticity and
casting behaviour. Choice of a particular combination of china

I day and ball clay will therefore depend upon the production
methods employed as, well as the final properties required. The
properties of the clays available may modify the way in which
they are used. The high organic content of some ball clays can·

I tributes to good casting behaviour, and modifies the defloc~
~u]ants that are required in the casting process. The black colour

, IS burnt out in firing, provided adequate time is allowed.
Tahle 3 shows the properties of a range of ceramic clays from

around the world, and Table 4 shows a range of ball clays. The
('eramics industry can make use of a much greater number of
clays than can be u,ed by the Paper Industry, and cheap local
clays can often be used in combination with more consistent
materials, not always with the best of results. However, in­
dURtrial pradice has coped with many differences. American ball
clays tend to be coarser than their European counterparts, and
~ay lead to formulations containing more ball clay and less kaotin
In American compared with Europe.

Halloysitic clays have also been used in some applications. A
few halloysites have been identified with good fired brightness,
and these have been used for porcelain manufacture, often in
conlbination with kaolins.



I
fur le"'t m~thurl~ u"eli :;ee "EEC International. Ceramic Division. Test Methods for Ct'ramic Raw Materials", Modulus of rupture mea..~ured ~t 80% R.H .
..... 11 n',.;ull:S from ECe Laboralorie~. ~Halluy:;;ile present.

Tahle 4: Typical ball clays

I Hywite Superb Hymod Blue
Grade S. DevOll Dorset 1001 Bandy Black Troup, Texas

Producer/Country ECCI (UK) ECCI (UK) S. Schmidt rFGRJ H.e. Spinks (US; ECCI (US)

(2 micron % 80 86 65 62 61
-1 micron % 70 77 54 49 52
; loaulu, of Ruptu"e Kgf/cm' 24 36 25 21.8 34.3
Casting Concentration % 65 60 65 60 60

Iisoac
Fired b'ness 70 56 58.1 69.1 66.9
Absorption 6 3.0 6.4 12.7 11.1
Contraction 13 12.1 7.9 9.0 5.4

12100 C(A) Fired b'neoss 68(:\) 511:\) 55.5(,1.) 54.3(8) 63.6(A)I or
Absorption 2.6 1.8 2.6 3.2 8.9

2S0°C(B) Contraction 15 12.3 13.9 12.8 5.9
SiO, 49 53 65 56.3 63
AI,O, 32 31 21 26.S 24

I
Fe,O, l.l 1.4 0.95 1.17 1.5
TiO, 0.9 0.9 1.4 1.54 1.3
CaO 0.2 0.3 0.2 0.08 0.13
MgO • 0.4 0.5 0.75 0.35 0.58\I
K,O 1.8 3.0 2.1 1.1),1 0.98
Na)D 0.2 0,4 0.21 0.25 0.12
L.O.I. 14.0 9.1 8.3 11.9 8.2

~aulinite 68 5i 58 60 66

'ita 'I 20 33 17 21 9
uartz 7 8 24 17 19
arbonaceous Materia! 4 I
:eological Environment Fresh water lake Fresh \\/aterl Fresh water Fresh water Fre:ih water

or tloud plain Estuarine in wide lake or flood lake or flood lake or flood
in fault basin shallow ba:iin plain plain plain

II" ,pst mt'thu.ls ~ "ECC Imem.l.liunaJ, Ceramic Di\'i~iun. Tl.'.~t .\leth,uJ,.; fur Ccr:lmic Raw .\lawriall:i" :'I-Iorlulu:- 'Jf ruplun' ml'a.~ured al ,~(n R.H,
:1 I't'sults from F.CC Ll.bur-.nor1l:'s.
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I 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

I utilised pure cr.emical 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
c1aY5 may lead to new applications for kaolin.

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

Chemical uses, pharmaceuticals
A new and growing use for kaolin IS In the manufacture of

I
chemicals - catalyst manufacturers use kaolin as an ingredient
in the manufacture of zeolite calalysts for inslance. Kaolin is used
in the pharmaceutical industry for the manufacture of medicines
used to alleviate intestinal disorders and many white pills are

I
mainly composed of a filler such as calcium carbonate or kaolin.
Clays are used to provide a source of alumina in glass fibre pro-
rluction. ,...

I days provide improved electrical properties for use in cable in­
sulation. Fillers are also being designed to perfonn specific func­
tions in polymers. Some functional fillers are surface treated in
a way that improves dispersion and improves the bond between

I polymer 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.

I
Other functions include providing anti-blocking properties in

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 backing and flexible
floor tiles.

I

I Table 5: Typical fireclays. flint clays and chamotte

·Fireclay. "ChamoUe, 'Flint Clay
Grruie Midlands, Charente, OviedoI Producer/Country UK France N. Spain

Fired/Unfired Fired Fired Fired
Typical refractories

or PCE

I SiO, 51.1 55.2 54.5
Al,O, 43.6 40.5 41.1
FezO, 2.35 0.97 1.17
TiO, 1.37 1.41 1.22

I CaO 0.21 0.16 0.11
MgO 0.4 0.24 0.10
K,O 0.2 1.04 0.51
Na,O 0.08 0.39 O.ll

, L.O.!. 0.70 0.14 0.2
~olinite

} Unfired'

42 "90 "86
L lea 25 6 6
Quartz 32 2 7

leldspar
natase I I I

, Iullite 47 40 29

CO"""";,, } 24 25
uarlz Tr / 2 4

fmorphOUS Fired 28 33 65
Material

Carbonifer~usGeological Eocene fresh RegionallyI Environment Coal Mea'sure water flood metamorphosed
. Swamp plainllacllstrine L. Palaeozoic

shale

tFlint Clay
Olive Hill
Kentucky

Unfired
3.1-34

45.5
36.0
1.18
2.0
0.08
0.36
1.0
0.1

13.0
90
0.25-0.5
0.5-1.0

TR

U. Carboniferous
Swamp

tFlint Clay

Missouri

Unfired
33-34 PCE

44.42
38.63
0.55
2.12
0.04
0.1
0.3
0.12

13.90
Over 85

U. Carboniferous
Swamp

l
oT<.'::;tinlo: in ECC Laboratorie3.

F.rnm "Kaulin, H.efr..lctory Cla.y. Ball Clay and Halloysite in N. America. Hawaii ami the Caribbean RCj{iun", S. H. PJ.ltel":ion and H. H. .\lun-..lY. USGS Prof. Paper
. I;JOn, 198·1. .

'.ll1lt:'"r;llu,",'Y obt:lined frum slml!..lr but differellt .~dmplt-'::; to the re::;t of the rto,;ults.
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THE MINERALOGY AND CHEMISTRY OF
TASMANIAN CLAY DEPOSITS

F .. , I (,;' i

I

I
I

I
Tasmanian Ter~,2r,l C:dyey 5ed,'/"";1~il1S i}r€ '<itJ,,!..'Y /(iloi,'-"tric Ciays d~'.'eloDed 01'1 Triassic scdimenrs

are usual/y !Ilirle wI,h lIa,'ving amounts ;j( iCJoi,ni,e and clulS d2ie i oDed on Permian and older rocks
arc largely !Iiiric ~·,1':.-h so-r;~ i{a:JiI'n're or "':0 kClo/i,;lre ar all. T,'",e Perm/a'; c'a;;5 contain in p'ac'?> appre·

clabli' a·71C-un:s 0 1 f",ic:;Je,- 0' cie'fI:a or'.:;/n, Pr'man/ C,l ays c,;Ji1ns:f ;"O,TJ igneous rocks are "!ssen:i5/ly
,--"",1;",

I

C;i.ii~ che:-:,ical ana/vses con firm ,he IJ r2sence 0 f some narural k,JQlins of grear purity (e_f! TongJl1iJtJ
anc Sour,1-] Mr. Camero,.,}, fe,'l:::part;':c kaolins (eg. Surges Be'! :inc Forcerr) and 11;2 pra~ence 01 rhe
many illiric clays (O'g. A:.i),ins F~rr'l and Dulr.'er10nl. Chemlcai analysis enables a more derailed
mineralogical analysis than Is possible wirh Xrav ddlracrion techniques only.

The re/arive pr,JporriOrH ai the co-nbined all,ali and alkaline earth contents fas derermlned (rom
the bulk clay analyses) c;;mp3r9(1 ro silica conlCr.r and a1urJinacor.ren, characterize rhe sulr3billrv of
the ciavs as brickr.:ak':n~ marerlals Comparison V',/Irh Chemical allalvs~s .of U.K. bricks tested on
e;.;posure resistance indica res Ihal most Tasmanian bricks are roo siliceous and/or aluminous (eg. Porr
Ar thur. Dover! Tile feV''/ Tasmanian clays of oorimu,n chemical composi~'-o,'1 (Knocklo fry. Giblin Srree r,
Howden Yellow) ha'ie ;;roduced br,'-cln at grear resis:ance 10 wEarherlng. The dE:velaped merhod of
cf'E:miCal evaluation 01 ,he .eiue a { a clav as b-ic/,mak ing material appears fa be of general applicabiliry

V'ir \Nard 1190"',
GOl,lernl'71ent Ar.a:v~:. T~,Tiillia

"These chemical al"!alvses wo;;ld be long ar;c '2dious and serve no

useful r:;urpase.I
I
I
I
I
I
I
I
I

1 Introduction
In s;Ji:~ of t;jenerol increa52s in buildir,~ ac;;v;:V OV'2~ 7he !ast three

decad~s, [he level of production of bric:";. ::::;;JE'S a~d ;;!~s ;r: Tas­
mania hes been more or les, Sla!ic s;nc~ ~95:;, ,he f;rst Y"5~ in which
produc"on rEcords were k",Pl {Fig. 1 I Tnis iack of grO\V'L!-' js !arg2iV
s",u;Ed !J'y' thE in7rodl'ction of che2;J e:'2~;'".0~'\''2~ li'<2 C8nc'e:e
t)iocks and clasrics The jJresenT annual ;::r::,C;.;cion of ciay brici.:.s in
Tasmar,ia is estima,ed at about ,hiny mi::ior" wh::e the annual
production of concrele blocks is abou: :3 ;( 10' ':e'Jua;!;ng In
'/oluMe for:\, m,l~io~ clay tJrickd 32:0l'.::,:,:;1 :-:;, c:;<":"'se,::ion :'1'0

cleiy indu,trv hilS become vas:iy r.lorE effic:,,'"":: ,=~d nc'.'. '=:l:;::'25.~igid

Quaii,y cor'Lcol The ei;f7l oi ,his Po;)oo' ;s to provide ,0f7l>; of ;r,2
necessary c~2mical end mineraiogica: ;r,~;')r",.':::on for this c.;,.:",:i;y

conrrol. no, neeced Lhree Clua';:er, of a c;:,r:;u~' 2';;0.
In ;J;i;:i:lon 10 lhe comr.lon cera:T'·ic c'a,;, Ta5r"Gania ;-,as \'as;

resourC2S of ki.':)11n in many fo~ms The :';e~i;n inC:ustry. ".e;r,ly
ori:::-n!'2d towards the production 0: p"jJe~ f:!le:~. co1iapse':J i:1 'he
sixties ar,d has o:1ly recenrly reccvuec 2:,,0; ;~e impor. 0: CO"1·

sid::rable cc;)i,al a:;d ~;(per:is2 50:":1':- C2:3 :E·".:=:-in:;l ~o ;:.,:' ,.,.-"r,'O'o:i·
oglcal and chelT,ical characte~isric5 oi ."e;= ;J\.;~e kaoli:1s ",re ai'iO
inc luded.

2 Industrial Classification of
Tasmanian Clay Deposits.

An indu;tr'al C12ss:f;ca~ior, is giJen m : 2:;:<;; 1. v.'~,ere ~he c!"vs a;,;,
II'iled ac~arding to t~9ir common indu'i:ri(!1 :-:ar:les T~e loca:jtie'i are
Sh0\"~ or; Fig. 2 The inc!c.:;:ed ;J~8 of ~'",-o :J2"8'1r m"te<i,J1 i'i ;,,\0:
alwavs reievant as in SOr.le cases tr,e 10:'= \'=,o:,o>c ane.! Celnz'Jl(;
weaTherins; produc!s of the aider r:la;~r;a' is cuarried, eg the
Permia:1 clav u'ied a: presen: for ma;"::1'; ::;,ric~s at O'.Jlver:on ar.d
previoush,' at Wynvard i~ "I Tenlary INeat"'cr :"It; :croG'JC1.

FIG, / ~nnua,' productian 1950·/976 in Tasmania of cia I( minec
for rt.e brick. pipe i!nd rile :ncuHry and cnnual produci,'on of kaolin
as piJp~r ,"lifer. 5,'nce 1976. 20.000 m; kaOlin ha, been praducec
annual/v

or ,r;-.f)or;a0C= :, the devela::lI-:-,ent since '975 0' t:-re A?P::
Tong;:;~ah Ciay ii,ir.p. '!eist of Scott5dale. The clay is mined I., ar,
ooen pi: fro.-n dec on posed Qranite consisting oi 60~; silica, 30~,

kaolin >12,:.:m and 10~~l kaolin <12.um. Af~er complex defloccul2­
lion, ~Ioccu!;;tion er,j r:-.echanical SOrting, a final rather pure kaojir.

paper fiiler is ob~ained of 90% <12i-/m Annual prOduC!;On is 20,000
TO'lneS Use of t~e ultra·fine fractions as coating clay is beino;
stUGiE:d by the ';:0mpany.

Ti-,ere is not much difference between primary I.:aolir, produ~e::l

in situ by wearnering and kaolin lransported over Short distances
The drifts ovelIY::19 lin gravels in nOrth·eartern Tas'":iania e'1C
Tc;rt,2.fY r,v,:,r and loke :::leposils in the area of Soulh r\~Ou~t Cam",ron.
SL Hele'1s and Pioneer contain coarse grained kaol;ns. which are in
their behav>our largely china clays, All these clays he',e been u~ed as
filler ciay~ in the past. and all II"Jere found 10 hI" t00 ~tJrasive

I
I
I

3 China Clay
Tr,ece ha, been a cO:1t;nuir.g and s:rcng c:e~and for c~;;,.a c'ay

since the ince;:l1ron or the paDer incus:'',' ,:"\ Tas~a'1i<l ,," 1928
SYE''1jle a~ Surges 8ay and Cygnl:!. ,or.,: 30 ~,m S'{.' of Hober--:, r,as
been a'ler<;;d in siru inlO kaolin In '.he re':1 Tree River Va':ey we,;
of St. Helens both sedW1en:ary a"d resdc;ai C:,J'/S are e~;Jcsc:j ,n
sepClrate lj,orking of the previous Goshen Ti.., ~:,rleS, The S;jrges Bav
clay and ,he Fern Tree R;v,:,r Valiey c'ay have bo:~ ::J::en used a,
paper liller clay. Becau5e of lhe higr, prc;J:J';;on of Sli1ca in tne

fine frac';on arld becaus':.' of inad",~uaTe rre;:;:r-,e'1T faci';I'~S ~~~~"

de;lOS;~'i I'llere ultir:1ately found 10 ~" ~~5:.;.;C!'Jle 'CG,e and
wrlhe\,\,' .1

4 Ball Clays
Ta,r'"lanic; has n'm maior ba~1 clay deposits. onE on lhe eastern

sr. ore of Georges 8ay n'2ar St. HEI~ns a'1d one near 'v'Jes;ern Junctior'.
ir.lrT~ed.a:ely east of Launceston airport Addirional small ball
clay OCCJrrences ore present throughoul the Tamar basjn. One of
,r.ese. th~ Lau:lc~sro:l ball clay in South L3uncesto~. was the bas:s
of 0 pros;)~rous vitreous china and stoneware indusrry before being
mined ou~. Ano;her Launccston ba!1 clay occurrence is near the m'al
at Trevallyn The maior occurrence in the Lau'1ceston area is a
3 km: outcrop irnmec:at'S'ly east of the railwa'l li'lE a: Launces~o:"\

I
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6,1 Cottage Industry
During tr,e last decade 2 polters cotrage ind'Js~ry hi!: been rapidly

growing in Tasmania. mainly in the south. AlThough to some extent
dependent on impor:ed prepared stoneware bodies from the main­
land, most of The clay used i5 dug from the Kingston Soringfarm
deposit. This clay is presumably a Tertiary weathering product of
Triassic mudStone; micaceous sandstones are exposed nearby. It
features a high alumir:a CQntent togelher with an e;..:ceptional high

potash contenl, as will be discussed below. Such a clay :omes as
close 10 an jdeal nal'.Hal Sloneware body as possible. Preparalion
01 this clay involves removal of lhe fine quarrz.. ad~ition of china
clay, silica, some potash feldspar a.nd a small amount of ball clay
or benton'te, The clay pit is nearly worked out and extremely

The LaunceSton ball clay and the assoc;aT~d coarser whitish clays
have been the basis oi 0 now def:.JnCi: sanitary ware industry (with a
BriSlOi glaze) a[ Campbell's pOllery, mentioned earlier. The same
works produced a va:ie:y of household articles like drshes. jugs,
jars and some high precisior, articles like distillation ap~aratus (now
in The Queen Victoria Museum; Fig 31. In addiljon, electrical
insula;ors were produced from T~e same source materjal. presum·
ably mi;..:ed Wilh residl'al kaolin trom north·eas~ern Tas'''''ania.

6 Potters' Clay

5 Fireclays
Associatior': of ~cod quaiity fireclays with coal measures is

comr:lon, :'ut by no m~a:1S a prerequiSite Examples of this associa­
tion ,,~e the fireclay 0, Dulv~rton (north of Railtor.) where a bed of
cI~y 0,-;9 10 two me:re~ t;;ick cyerJies a seam in the Permia.n MerS'::'i
Co,,1 Measures. Fire bricks made from it have been used at Mount
Lyeli and ;:T1e Salisbur, Foundry in Law:"Iceston. Similarly, the NO.3
seam at lhe defunCT San::::lly Coal Mine (Triassic coal mea~ure5)

over!ies a white c!ey cf moc"!raleiV good heat res,s:I'.;:: ::Jropenies
(Twelv~tre!?s:: l.

Mcs: proouCtion of firebricks in Tasmania, for use in boilers,
came from the Powr.;n~a clay pit. an inconspic:.JOus waterhole
in Ter;iary clays. T:,,= ~roductior. of these bricks by Cal"'"',pbeli's

POttery c':l2sed aft"!r wi:hdrawal of sleam engir.es on the Tasmanian
Goverr,m~nt Railwa\.'s, in the early sixli!:~. The production was
based on a convenlicnai r,-.ix:'..lre of clav, ~rog and quar:::>. .end.

Other CI2.Ys suggested - but never aClually us:::d for firebrick
p~oduc:ion - inc'u:::'e !~e Pion:er ar.c! Sou:h ,Vir Cam!:r~n koolins

from the nOrth·east and a Precambrian clay silrsTone in the
Maw~anna area. To this po,ent,al list may be added rhe Western
Junc:ion ball clay which vitrifies ot 1710:C.

(iI) Tel"1iary driFts oliedying rin gravels in N E.
(b) Teniary Wes,ern Junction ball clay.

k) Associated wit!1 Permian or Triassic coal measures
(e.g Ou:ver:on ar,d SandflV!

(0) Precanbr'an claye', ~i11s:0ne in r"t)all'.banna area,
N.W. Tasmanja.

{ill Teniary river and lake d'?posits in LaunCe5:Dr.
6asjn. ei;j Western Juncion and the mined out
t:;~, ::::., ~. S~~~n !...3..:":2'·,or,

(bl Tertiary river and lake ce;Josit, near St. ~2:e:":s.

(Georges Bavl.

1<:1) Ten:ary cri::s Ov~rl~"ng l,n gra'j~ls In N,E.
(e~ $o'-.J:h ~~~l, Cal"':"'·eron, Pioneer I

(bl Weal~er~j Cretaceous syenite In Surgo:s B2Y and
Cygnet are,;

(r.) Kao:inIS,,:: O,:,'-,cn i a!', 9: 0; r" 110' w ~,i:. arez; e.g
T::>:'=c;:13h, ;:e~~, Tree, H;v::r

Indus-trial Classification 01 Tasmanian Clay Deposits

TABLE'

airpOrt Serious; land·slides occ:..H in the whole area lup TO 20";
gradientl and threaten conS~3n:ly ~he Launceston·~'\'eslernJunction
railway link. The occurrence Of the fine white or buff clays. inter.
bedded with bluish while clays of coarser na:ure, white sands and
lignites ~once mined at Springvale) was firSI described by
Joh:1ston ' : Extensive drilling programmes (TO depths of 18m) have
been carried out by the Commonwealth Railways. A general depth
of at least 2S m can be observed in the dee;J valleys between the
"Springs" rivulel and Springvale. More than ten percent of the

sedimentary column drilled is pure ball clay Reserves can b-e €HI­
mated to be no;: less than 6 x 1O~ m).

The periphery of the clay is par~ly covered by Tertiary basalt
flows from Cocked Hat Hill, a'ld loca!l" overlain ~y 1he Sunnvsi,:,;,
Hill basalt, lI'!hiCh has inaudec :r.e clay at i~~ b2se (where int'u,ive
porcellanite·basalt breccias OCCl:rl Pol:er'1 dating from Ihe Rose

Rivulel nearby indicates Palaeocene to Eocene Jge ~Gill and
5anks)1. ihe VVesle.-n Junc;ion clay a;J>J%r, 10 be an early ier::ary
filling of a dead arm 01 the Soulh Esk ic~ Carey', Sutherland: O !,
possibly dammed by slLlI earlier basalt. It was used for whitewashing
early Ihis cenTury.

The St. Helens ball clay on :he peninsula eaSI of Georges Bay was
described by Twelvetrees;:. Several bore holes up to 10 m d~ep

were sunk wit!lout reaChing the bOttom. Outcrop is discontinuous
because of dune cover. ihe co;our of the clay is buff or bluish.
Ceramic tes~~ of this c~ay have been consistently disappointing
because oflhe tendency 10 warp and crack Pipe clay from P';Je
Clay Lagoon was u5ed till early Ihis century as a polishing agem and
for whitewa~hing

·Of These ciays "Ha~'es Priso'l F.;~ ....," is USEd as ear;henware pOl:ers'
clay and 'Kingston S;:-rin9farr71" as a s;:onewar~ body. usually after
treatmen1, Various china c:avs and ball cl",ys were and are used as
raw materials ir, the pre::Jar2tion of s;oneiA',2re and ;Jorceloin bodies,
eg S;h r\.',t. Co~.eron anG V·'J£,s:er;l Junc,ion

Brick clay· lal Tertiary brick and pipe f":"\an"facture from Tamar
si!ciml2n~3ry basi'1 sandy clay le.g Kings Meadows,
Pr05PeC:. South L2unCe~ton. Youn;,own), and
~ipe manu;acrure from p:2stic clay in De~went

Valley (e,g Hamilton), roofing ;:ile manufacture
from Reibia.

Ibl Triassic mudSTone used ir, sou~l1er~ Tasmania for
bric;" r;"',;onufac:ure leg AUS7ins Ferry, ElecHona,
Hayes, oi': Knockiohy and Giblin Str~et qL:arries,
HQwden, Kingston, Ten Mile Hill),

(c) Permian mudstone (unimigned) was used in
La'Jnces:on area for Tile manufacture Bricks were
mace ,at Wynyard (L. Permian varved clay and
Q'.Jamby Muds:one), Dover (Grange Mudstone =
Ccscacies Group COrrelate, ane ~\IQodbridge Glacial
FormaTion'" Malbina correl.;~el, POrt Arthur and
O~'s:er Ce.'a (ur:"SS':<;;cle,j ;,,,,.mi2nl. Clay ~i:s in
operaTion 0;: pr~sent are et H.;:nes Siding,
Dulvenon IQuam"oy Mudstone), Forcet: (i:erntree
Mudstone) and Manul(a Road (unassigned).

{en aider Pa'aecz:;ic and Preca~brian av,,:iaj:e ou:
not usee: le.g. Cooee).

Fireclay

Bali clay

China clay
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Table 2 \l'J8S cO~.:J',iE'd ~rOr":"1 X-rav ji~trac,ian iXRCI STudies.

8.2 Results from ThIS Study

by Jol":n Camob,!/I (circa 1397) - 97 em
By courr'!sy Queen Vicron3 Museum,

8 Mineralogy

FIG. :: Src ....:~',·/.:=re ~ti/I

high, 53 em ciarr:e.-er
Launcenon

deeply weathered P::f,'r"lan mudsrones ,'ror:"1 the QU8_"71bv Formation.
C!uaiiTY con:roi Clt D;J:v,:r:cn is gooe. i:1 s;Jite of thi! si~ple dowr)·
drauaht kilns. T~,~ D'u1v"r;:O:"l wcrt.:.s 'l2IJe sizeable C!Cly reSE:rv<:s ni!ar
the t;clory. An'--uaf produc:io:1 is Five mi~,'io."1 brrcks

Still older m"t:.-r;a: ;:; <;vail.;:bie in TasMan:" (see Tabie 1!. bUT has,
irl cC'"t'ast :0 V:c.cria. rar",'y be-:n uses. The ~Se In ~r.i: Dast of
w~etr.=red P~eca.r;,C':2.n '..;'0,erI1-: dyk'~s 0;;: Burnie Brick 1=actory

~C00eel Should 0::' m';'"1tioned ior curLm:w'5 sake

8.1 Pre .... ious StUdies
L:t;:!e is knc ....·.,:"! aT t:-,e c!o::y r:;inera:oi;'Y at Tesmar-tian soiis and

rOCks Cole enc Ca:L.:"=w· cEs.:r'bed the :;lover clayS ~ess2n:ially

d.;'riv'O-d from PE:r'-:;i2;-, s2r:c~-::on-::;) ,:; very siliceous kaa!initiC clays
wi;:h ver·y s17.all a~,cun,r5 of i,lite. ria;: and 5ril!" had tne c!ay
min:ral of she!: ,nl-::rcc'::;lions ir, ;he D-?rr:-,i2'"1 Berrieda:e limestOne
ici~n,if,ed as mixed ).::,,£'~ monliT'loriIIOl1it=·illite They sug~est2d that
the other F=r~,a"" c:<::v rlir:i:~.;:ls were ;I'Ii.=. T~,-:: G-a~,ge ;-"~Ud~lone.

of simi liar aae co:""t.;:ins SOrT.e iror'1 mor.~G"lOrillonjt-=·non,rOni;=.

The lowe~ 'Tri03SSrC shales of l'Je K;"loc\,;1ohv Formation near
Ho~art cons.St of f-=rruger,ous sanC:s:o~.es in:erlayo:red witn green
and purple shal'2s 2nd muc!slones Van de Vusse::' cescribed their
clay m,r,era:s f,::"",(at,v:iy as illi;e·r;;onriT1oril:on';=, with some

vermic:;lite enG c:-,Iori:= flal<.%.
Cole and C2rt~e':\/" desc'ibed lhe Surges Bay ciays as derived

from the br'2a":Jowf' 0: :f1e felds;Jars of r;,e P3renr Jurassic syenqe_
Allhough the ill,te and auartz comen:> oj the Surges gay clay are
very low, one sample was found to contain appre-cra,:!le quantities of
a mixed-layer illite·montmorillonite ,hiS minerai Wi:!S larer defined
by Colee as a par,ially ordered mica·monlrnorilion'te clay, produced
by a three componer'1t stacking of 1a"0 single miCa layers (A!. 1m~

double mica '2'erS I AAl and 72% 2!levarc:1E ::',.er" (ASI.
South Ml Car'le'on and St Heler.s clay; dre mainly kaoli:"l wii.h

low iilite and quar':z COl'len\ (Cole Cind Carl hew" I. A:lother Tertiary
clay at Dunrobin B~ic:r::e :le"r HJrc1ilro.1 contai:"1s ma::1ly '-;ao'in WI[h
some gi8osi;e "To"<;cnah cc:msislS !)! k;aolin,:e »I'..IS iOo~ halloysil'::.
Bahl's ur,publish~'d i.~,Sc. th('sis: d~al~ essenlia:ly v.,i,~ Tertia~y eays
01 bo;h resiUua, 2nd ~e:::!irnentar·,.. ori>::n, Clays swd<<;!::! were esential·
IV koolini:ic wilr lraCe'S o~ il:,te and sO('1e\imes sMail a:T1ounrs of
illile·mon:morillc1ite int~rsrra:if,calions, Sahl descri:;",d ,n addition
an "abnorrn"l' r7"1or::morillonite, characterized by a dehyd'iJlion
peak. al 550"C. ir, r;--.a:oy o~ his sampies

7.3 Other Areas
Weathered Perm1a'l muds,onE'S v.cre used :=: Wyn,ard ZOlall·s

Brickworks at Haines SJding. Dulverton, nonn of Raillon, u~es

7 Brick Clays
It is generally nor easy to lind brick clan Wlt:--, a piOper grain

size dislribution and the right miner,Jlagical compoSiTion. It is
particularly difficult to fi:1d consisl=nt deposit; and of s... fficient
size and fineness in the Hoban arO::a (Thr<:ade::' 1 or eve:1 non·
k30iinizic clays in The Launcesto~ ere", Tas~2"'i2n clay da;JOs:lS
are often tOO sa~dv and k::olini;ic. h",ving a·"' i::-,:Jro::o;:r s;a~~lo·

metric bala:lce IWink1er» as well as an undesi'acie mineralogical

composi ,ian

6.2 Other Uses

7.1 Northern Tasmania
The entire bric~ prOd'JCliOn for t,":e various n:J:;:ons bric'~'.vor~.g

op~rating until recently around Launc~ston ant now centralised
at Longford (eight million per year) comes from ,,,~ Tertiary Tamar

and Cressy basi'1s (Kings Meadows, Prospec; anc since ien from
the Longford areal. The clays use:::' are sandy. IJsually iron-rich and
kaolinitic, t~e iron depressin::l the hig:' vitrifice:ion ;:empera;ure cr
the kaolin. Because of inadequal~ ble:1~ing ;ecnr,iqu'% and u~e of
ancient uodraught kilns. quali:y cO:1:rol was pOO' and :he resull
r-;['lf~led. Conse:;uen:ly, the m,Jre ir71Portanl builcin~s in Launces;on
ha~e al ....ays ':::leen ~Luccoed. "Iertierv clay frotT'. Your,;:; Town, imme·
diately sc:."h of Kings ,\1eadows, i, used !or ,,'":2 produc:ion of
eOl~icullUraldrain pipes and flow<:rpcts bv ;";,;rio::::= .;:, Re:b:c

7.2 Southern Tasman ia
In Southern i3smanla ,11,l:; ~o:"::;rI-a Tr:",s,,'C 2nd sQii'elir71eg

Perr:1ian rnuds:ones end their \'\'sa::'lering ,'J'2C'uC:S !"'a',''2 been
traditionally used for brick ;Jr:::tcCJccior (Th'e2c;r:~ 1. Ai:"Ou~h ,r,e
g~i!"'d'~~g: ces': QI ti"lese shalev C:';:V5 is Qreo,:e' ;'":2n of n",e Te~t'cry

clays in nonher'1 Tasman~a, cuo:::y con;roi l1as 2!~'J..3,..S bee:1 ':::let~er.

Many bricks produC~d earlie: ;:r,j, centur,.. :-'2V= cOI..,e ;rom t~e

Knockfof:y c:;,-,;;rry {Crisp and Gl.inr:) where lO'Ner TriaSSic sr,aies
were made ir'1~o :>ricks a~c ::-,0:: S2 ....1CS~Cne ''I.'CS simu(;:5:leOus ly
quarried as building s~.one or fill Lipper TrLas:;c shales were the
source for the Hobart Brick Compen,- ar its erig;1131 qt.:arry and
factory site at Giblin Streel, le:1ar, Val!ey. 50:h big quarries are
mined out and present production bv tr.e Hob.;:rt Bricl<. Company
;s depending on a mix of various illilic or rTLscovitic c,'a','s with
some kaolinite, derived from wealhered T'iessic l1"ludS':on~s in the
Channel dis:rict lat presenl Kin::s:on and HOI,'de:;1 mixed with a
!ar more iron·rich AUSlins Ferry clayey s~a!e of rna sam2 age.
Oatmeal bricks are at presenT !'7'c;nufacTUred from The ~eidspathic

and iron·poor Forcen clav loiteree Permiar Fe~r"1tree rv1ucslOnel.
The lotal annual produe<ion of t:.is sale sou;:';er;"1 procucer is TG
miliion bricks a year.

Unlimited quantities of illitic Permian m~dstone of sufficient
C;~;:;~::, ;:;-e ;:l~-:::::-: 3;o;.;r.d Hc:Jart and e!se'",,~ere in Tasrnania.
The high grindi;lg COSt5 of this indurated r-,a:o::tia; has virtua!ly

prohibited use of these mudsto~es. Unless :'ley are cee;lIY weathered
Of r,iSlOric In:eres: are the r",tn2r ~2o!ir,:'C fe'dsoCi'·bear,ng
we,Jlhe';ng products of Permiai\ rOCk, uses i(1 ;~.'" ~e~,a! se;:~I~iT'.ents

of Par, Anhur and Maria Jsland a:-,c tr,t: :'::aolin, a\ DovE" UsEd ur,til

o'oout 1950. Firing occurred ~n c'aMps. ar s,~,":e U:Jdra ... g~; kilns.
Ihe bricks were ohe!'1 und<:rlirE'd and the res:;!~ very poor. Tertiary
deposits exist ,n the Ho~arr area. bur u;l·i;.;= t"ose in lhe Norrh

have been little used beca'JsE' o~ l"'eir kaolini:IC raT\,He

In addition to {he COl~JQe ir,dus;ry' I): po:, a CS'::2i)s,rij a~ou:"

of vinitied Stoneware. sevl,'er a~,c stCrM drai'l ~io% arc orodc;cc>d
Humes. the 0'-'('1 surviving prOOwcer in T;lsnan,a. o;::;a,r.s 1,5 clay
from the Hamilton district

j:-;-c"::::Jct;cn c! (Clillinc ~ilE'~ in I ;1ur,-::",5,:on :'.': .. ~,d2r1ic'l" is ill

present based 0" tr,,, O~CU"~-f1ee .;1 <5 mOI:ie~ c.'!.,;anz·ric~ k20lin
hom the Lower White Hills Road. South 01 RQ!~ia POTters' cia','
used for the production of ea:-rhenvl.'are is now riir:,ly ~sed and will
be discussed (e.g. Hayes, Auslin, Ferry) ur"lcer brid clan,

irregular Scope ex;s,s lor Pfoju.::io~ of :Jo,~e's' C:d'lS tl,' l'T\,X"'~

lOCal C~lIna clays (e,g South r..l~ Ca~",ron, Tor:~a:-,ah) ",,:,1) local
ball ciay (V\!e51~r" Junc~ion!. siILc c d"rived trOM ~,':le residues
nong3nahl and wl~o'led po,asr feiC::~;;ar A. C!2\' :)r:JC2ssi:-g ;Jla:,::
for this pur.JOse has recenlly be'~n deyo:;ooe':J at :~e Hay;;,; ?,jsan
Fa~r"l ne;Jr Nev\' Norfo~:": unc:e~ a ;;~a".l frOI;l '[~,e A~,;ra::a (;)un.:;1
(C:a;\s Board!
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TABLE 2

Mineralogical Composition of Some Tasmanian Clay Deposits

kaolinite
kaolinire

Cav \inerar

lin orcer 0 1 abuncanc~)

;';aolinite. some halloy,il£!
kaol;ni!~

kaclini~-:

k aol; '1i;:e

kaolinite
kaol in;t?

kaolini;:e

44670
4<;671

S3~ole No'

£l.4 5.3 1
44344
44520

44529.44651
44517
4.::1555
44565

Bronle Canal
Brady's Lagoon

TOl"'c:.:;r.2h
Pioneer

Sou:h Ml. Cameron
\t,jenern Junction

P:~c C1av Lagoon
Ho':.e:)v Hili,;

,\~3.cnen. Kings Meadov.... s

Tertiary

aUater~ary

Ag~ of r'5ren:
r..la:er;3,1

Ju rassie

I
I

I

I

I
I
I
I

Triassic
(upp,:r)

Triassic
(lower)

Triassic
(undated I

Permian
(QL:3""':-\

MUCSLone)

Permian
(Fermree
Mud510nei

Gi~lin S<r2e,

Austin's Ferry

Kr.Qck1ol:y

Hayes. P'ison Farm
Kingslon, Springfarm

Haines siding, DulverlOn

Forcell
South Arr;l

44564

';'4561

44553·45011"
45012
43027.45028

44539
44526-44549

44601

44508,44541
1084

kaoliniTe ano illite

illite, kaolini:e,
some felds:Jar
illire. sorr-:e kaolinite

ar,c
vermiculiTe

illite, little kaolinite
muscovite. Kaolinire

illite

KaoliniTe, feldspar
illite, some kaOlinite

~Numbe~s re":;r to specimens in GeOlogy De;::artment, Unive~sity of TasmaniaI
P~-rrr.:an

(unda~edl

Por: Art~l:r. :hck Pair:, Be3::h
Pon Ar,hur. Prices Kiln

44598
44599

keo!inite. felCS~2r, illite
kaolinire. illi:e, feldspar

FIG 4. Grain size disrribuiion of V.'enern Juncrion ball clay. raw

and afrer removal of :he > 72;.Jm fraclon.

""

/

";.'.

The Permian shales are derived from metamorphic source roc~s

and often contain OJ glacial compone:--,t The mineral')!]v of these
shales is i1litic with varying amounts of feldspar an~ c<uartl Brick
cla"',5 der'ved from these shales by Tertiary weathering are in most
cas=~ largely illitic. or eve~, ~r;r'reiy iliitic (e.g Haines Siding,
DulvenonJ The more feldspaThic Permjan shales tend to yield more
kaolinitic clays when deeply wenthered (Pon Arthur, Forcett),
although aopreciable amounts of ,lIite or feldspar always remain
Only one case is known where linle illite remained lDoverl.

The Tri.:lssic shales used lor brickl.laking may contain. in addition
to ilille, some TeldsiJar and sometimes minor original kaolinite
IHale:: 3 J The Tertiary weathering enhanced the kaolinite content,
particularly in the claYS derived from feldspnlhic upper Triassic
shales (Giblin Streed. The Lower T"iassjc Austin's Ferry brick clay,
thE' KingSTon clay, the Haye~ Prison Farm clay, derived from Triassic
material of unKncwn age, contain appreciable amounts of illite
(muscovite). This is in accordance with the sometimes muscovilic

8.4 Clay Mineralogy as a Function of Parent Material
The data given above in se::lions 81, 82 (lnd 8.3 indicate thaI

some r"daliOn elCists between the nalure of the p,lrent maTerial a~d

the type of clay deri"ed from it.

8.3 Detailed r\~ineralogy

Tre min<oraicgy of lr.e F0r:e~~ c!"v. t~e K;ngs:on s;:onewer" ciay
at Soring Far'll and the We"er~ Jlnction"8all ciay has been 5tCldied
in some fur'lher deTail. The ~orC'2,r clay is a very siliceou~, kaoii'1itic
Cl2v, poor ir. iron oxicies. L;,~j fcr :.'1e m,,:lufacture of 03'[l":ll:al
bricks by ,I',e !-iobart Brick CO:7;;:;any. I. cor:,,,,ins uo;:o 40~; oo:ash

fel:::spar: mus.::ovlie 15 very r-,:nor. Silicifications :Ire rre::ll;~nl

Dropstones oi gr2nite 2n,::: ~~.2~':! 2.re ire,:;uenl T~e sHatiljra;::!-,ic
position of r~is a"kosic c!c'i corresponds ro .; washed"out horrzon
i~ ,he ?err.;;an F:,:'r.;-re" r"7':";C:S:;)~". Te~:;2rv '='-"s"l: covers ;:;::;r, 0\
the outCrOP_ "j"r.e silicif'c.;,io"l end abLlnd.;nce of kaoiini~e in~icate

an in,ens;? pre'8asalt weat~"ring

The Kingston Spring FarM ci.=v, S0r18\\1~a;: less siliceous tl-,a!"l The
previous clay, is also pOi.2ssi~~"rich. ,n '[h:s cas: however due to the
presence of ~p to -40% fine m:..;scovi~e. The ciay c')ntains a smeller
amount of kaolin. The clay is ;:Hobebly derivec by weathering and
reworking of muscDvi'[e-rich ,:-,2'O's in Triassic sar'!CStOne, v/hicl-, can
be found ou'[cropping in neero'r' Kingsion.

The grain size distribution of the natural WeSTern Junc'[ion
material (as determined bv A::O:O,"i) is sr,ov,:1 in Fig 4 and is iine
even for a ball clay!cf Scon:'I. The 12;" :--2;';1";"1 contains kaoiinite,
minor quartZ 3:1d isOlOit2d gr::ins of geel~:,e ~eleclron pro~e

analysis). The clay fracrion by XRD showed kaolinite and very little
quartz However. swelling ue to 17.7-'., of a minor fracr;on in

M9"~a1:Uratet.J ':I.;;Ji!:'riai uccur~ I"IS ma!eria: colia;Jses proaresslv':.'ly
atler heat treatment and rcac"es 110.; <i, 550'( A: ~h;s ~'2ge il is
impossible to cemme'1! on ,';", :-.2.;~re c~ l~'! ~''10r r;-,in<or21. wr,;.::~

is cenainly responsible for ~h= r2[~er h;\J~ ~aa;1esium conte:"'[ of
aboul 0.6:; il1 the CI<lY. A fur;her er!lgma of the "d'ffr.Jcrogra'7' is the
perSistent 4.80.-\ spJClng The elecHon micrograph oi F;c. 5b
illUSTrates l:-'e wide range in oarTic!e SiZE: a"lO rhe v.orn a:.d j;gged
shapes 01 the kaolinite crYSlals as cOr71pared Wilh the bigger and
more hexagof\a\ ~hape 01 tl;e longanah kaoiin used as paper hl\er
{Fig. 5al.
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I r"an .'few!"! - Tasmanian Clay DfpL'S':;S
q <) ;OJ II'0·,56 I~

fb) Western Junc,ion (/250QXJ . ..,..ell cis,Oersed SJmple. No:e ,ne wide
range in grain size and (he ofren worn and lagged sna;)e of the
kaolinite parric!es in rhi~ ball clay

---i-...
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~., •
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I

faJ Tonf3.1an (: 25DOXJ, Paper filler china clay (kaolinire and some
halloysire). f\'ore the fe/a/lvety small rangE in grain size and rhe
subnedral C,_,1S;:;;.' O'.J[/ines.
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FiG. 5. Electron Micrographs (microsCD{JV bv J Lajru, ZOOlOgy

Dept. Un/II:!/"r'! of Tasmania)I
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na,ure 81 T~ic:s;jc rocks Minor feldspar anc vsrrniculite may p"fsisl
when pr"se~~ ii. ~he ;:,:,ren, rock

The Ter::2~ weathuing products of igr'1!!Qus rocks. nO:ab:y
Delionian 9r<:~i:",s. Jt..:r;;ssic cOler;!es Cine syenites, 2r~ kaolins
vVeath~ri;-'2 d,",ri;,~ th,: T~r;:i2ry must hov~ been ir"ense. the s;Ji~s

derived ~ro~ ;::-.2 basaltic n,:cks at ROke~y Hills are entirely
k.aolinitic.

Although v~lns in the dolerite 01 The Central P:atEaU are repOrted:
10 ofte'l cc:,,::~:." r:1ontmorillonite, the ess,,:ll:al we6therin~ preduct

at In!;! DD1eri:2S ~s "aolini~e iOjon,e. oracy's La90on:
The secir:1e:l:::ry kaolins acCumu1a,ed in the Tenrery grao€ns are

entirely kaalini:ic.
Tr.e sequ'::n:e outlined above corres::lor"ds to a;1 overprinl of

weatr:erir:;; on e perent rock mi'Lerelo~y re;Jreser.:ing recycling and
leaching of detritus on a ralher stable shelf.

9 Chemistry
All known chemical analyses of Tasmanian clays are listed in

Tcble 3. The "clalr's" ra'lge from very line material cont2ining 90%
of panicles s~aller than "2 ..m (Westcm Junc.=on - 44529. 5th Mr.
Cumeron - 4'::5201 to sandy material containing less than 20% clay
material (On:er Cove - 44551). Some variation occurs in the
composition of samples from the same occurre'lce Ic! tr,e Various
Forcet~ ane K,nss·i.On analyse5).

The cOrl"\;Jo,i;:ion of ,he residua! china clays at Tongana!"', (44531).
Surges Bay ((::lIe and Can hew" ; analyses Q and 11) and the Slighlly
tr"nspor':':C c!a~' at Sth Mt. Cameron (445201 corresPl)!ld ;:0 ;:,1 17-..J, ,

pure kao:in. showing AI_ 0, > 37%. SiO. ~ 47.5% and ignition
Imses 01 12·1::ic~. .. .

The T.:c::ary clays ana!ysed are ma:ure DrOGUet, oj wea;~erin9 and
sedimen:2tior, a mil':;.ure cf kaolins and or:l-,oquarlZilic sands In
ail Af;O,·S;O; ViiriOition dia:;rJr.1 {Fig. 6i many 01 Ihe~e cJays lie
consec;uen::y more Or 1':5S on l!1e lie line between ;Jure natural
kaolin Ita:':en as Tongana" 445311 and prolQ-quarrzite (assumed at
97~" SiO. I The POir"'lt5 reasonably fi!tlrlC this li,eore:ical line are
the twO Surges Bay china clays mentLoned earlier, Tong2nah 44531,

Dover 44554. Weslern Junction 44528. 44529 and 44570, 51
Helens 4~55D, Pipe Cay Lagoon 44517. Major Bac~ Reef al Bac~

Cree": 44535 and Oyster Cove 44551 Tonganar a"ld Slh Mt.
C<lmeron are natural pure kaolins and compare lavoura':lly chemical·
Iy ~·."tr Ge:l'gia and Cornwall kaolins (el. r.~urray" )

The c1eys below lh;, line are par':~y' il~i'LiC, dr:. nOt ccn.;is! cf rT.il(.
'Lures of pure kaolin and quar;:z ~2nc a."Id should fall 0., or aeove tne

iflite prOloc;'.,;arLzire 'L'e I'in~ In Ci:S~5 of abundance of il":1purities
like irOn ol':ide lhey rT.cy even plOt be:o'/\I Ih,: illite· quarlzit,: line.

r..·1any 0; t;-.,: ii1i;ic: c!ays c-:suL:J'::' ;;;':)0\,"'; ;Jlc: clese ~o 'L~is ti"';·!'ne.
e.g. Brick POint Seac!l 44598, KingSL:8n Soring Farm 44549, Hayes
44539, KnockloflY 45027. Ao.:sti;-,s F~rry' 44561. Dulverron 44601,
KrlOCklOfty 450iO, 45011. 45029 Ih~ iron·r,'c'l kao,'initic Kings
Meadows r\1achen clay 4!.5€5 "nc t'1': feicspathLC and kaelin'tic
Fc~ce~t cL~Ir' 44541 "a!1 =,; acc;c~:",t 0" ~he curve The enly nr),ahle
exception is the Slone'ArOire c:ay fro~ Ha:nilron (445531, used for
pipe manu:aci:Url;-.

9.1 Variation Diagrams

Brickrnakers ano po:ters have ap~arently found by rrial or error
that the more ii:ilic clays give be!:er resulrs, because of :he lovver
temperatures neeoo:d for vitriiLca:ion and their better wet s~ren9'th

."."".,

'".'.',
"

FIG 5. Binary AI;Oj'S,O;: "a."a;,on diagr03m of Ihecomposit1on
of Tasm<3nian ciay deposits (see Tabie 3). The asrerisks refer ro rhe
ceramic clan used for brick, pipe and rile manufacture in the Past

and at f)resent
The insel referJ 10 non.Marly br"-ck Clarts in rhe Unioed Kingdom

and in ttle USA The e(7lal'ged l,eJd includ'!s compoJlrian of

unsuccessful sl/;ceouJ briCk clays. For details see reJtf.
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and p:cs;ici:y. Plcttin9 cf :he a,'ail:=ble brick Cl2y cnalV5esconiirms
this idea h~arly Cl2YS and n-.arls, used in Europe cr;d Am~~ica lor
the manujo:~uIE of yellol''I' brick~, r.2vE however been exclucec from
lhis cD'":"'.oilc,ion as they are n01 L:sed in Al:s:rali2. D2LC fror7'. Si"1ger
a:'ld Sinoer l5

, Grimn",<,!wlo end one r-..!.S.\\' b,ick cley repo~,~d by
fl.kr-..'1eek;n i1 1',2\'E been pluttec i., 1he i:'l~et 01 Fig. 6. Two a:::c'i'llo'"lal
analVSEs on the extremely sandy side qUOled respec,il.'ely by
Dofbeeri~ and Cerdew! .::t res,:.ectively 90% and 86% SiD, heve
been ir,cludEd to compie,e ,hE !jeld.

Tloe amO:.Jnt of olass formed durina liring of a ceran1ic prosuCi
and ilS f"'le~:ino POlnt depend I"roely ~n1he rela,ive prO;:lOr:ior'.s of
a!kalis and aikaline eanhs ("R;O and RO'"), AI;O., a"1d $10;
presem. Accordingly. the molec~lar oroponions 01 these groups
have been Lls~d in specia~ised studies of gle2es and re!ractories.
These molecular propor:ion::. called Seger "clues, ha\'e nOl been
used for !he calculalion of ,he compositiOn of brick, earthenware
and stO:'1eware bo;:l'les, prO~o:bly bE.>cause of lhe very WidE.> range 'in
chemical composition 01 these mclerials. The Seger l'£,1ues 01 all
clays listed in Table 3 are plo"ed in Fig. 7 as molecular proportions
of AI .. 0. c.nd SiD, ref;: rive to the s:,;m of the moleculijf propor;io:'1s
of N; .. 0 K .. 0, 11;100 and CaO. \\ii;h lhe exception oi lhe very
alumi~ou's D~ver c1;y end lhe siliceou~ Pro~pecl and Kines rv;eadol''I's
kaolins, ;:11 useful brick. ear~h€nware end S10~€..... are clays group
toge.her in e very small field However, Exce;n for thE Kn:Jcl-;lo~'y

and Gi~lin Street shales, Tasmanian cer e:T1ic clan ere ~hor1 of

flu~es com;:la~E-d with the Englis'1 and American c1avs cited €crlier
(inner tuilline on di<lgram in Fig 7)

9.2 Chemical CompOSition and Btlck Durability
The ar!;lUmenl can be carril::d 'urther by con~iderin9 1he c",er.iical

composjtlOr, 01 The I'n;e·pc:.or bricks from the Uni;ed Kingjom
listed by 50nnell and Butlerwonh J

. The Seger values of th~~e C!2VS,
largely derived from lower Jurassic, CarbO:'1iierous and ol::JEr sr,ales.
were pJmled in lT1e insel of Fig, 7 Jouler brokE'n line) Ho\'Ve\.'er.
thrt>e-quarters 01 the observations fall jn 1he narrow field outlined
a~ove (so!id line of both ,nset and main diagraml In a te~l by the

Brilish D.S.1.R. only seventHn clays of this group 9a\.'e lro~t- and
mOISlure--reslstant. dureble bricks. r",d;Jcing 1he field oi desirable
cOmposilion as shown by lhe inner brC;ken lines. MOSI impOrl"nlly,
twelve OUt of these se~'enleen hig!; qU,:,!iTY c'avs again plOl in lhe
even smarler, innermost field.

Therefore it may be conclvded lhat lhe chemical composiTion of
quality brick is restricted to a small lil2ld oi relative propOrtions

of SiC)_, Ai, 0" alkali~ {mainly p;:',cssium) a~d alk;;l~r,e eer"it'.s. Thi~

field correspon-ds 10 The lower temperature (abOut eOQ·l000cCl paft

of Th'! r:"'Il.dli1e and ,ridvn-,ite fie iDS of the K: O·AI: O,.SiO: and
Na .. O-AI .. O .. -SiO .. p:-'2~e diagram$ oj Schairer erd Bowen lt

-':.

Po,-;:ssiu:f, i; -":SU21IV rnc;~e abundant 1h2:1 sodium in c!c).'s and can
bo; comidered to oe ,he r.lcin Qlass former_ MaQf'l~sium, calcium
a:id iron are: ef1eclive: only a'l t',igher and uneconomiczl,emperaiures
(cf Grimshaw,r!

t:vaiL,;e1ion 0; rl~. 7 sholl\'s the! some: Ct:ram~c C:,;;'y'S u~Ed :;",
Ta~:ncr.;.2 1all o';l~;de the com;)o~i1ional 1ield 01 the brick clays used
in !he United K ingjom. Of .hese, the Launcesl0n ball clay and
HamillOn clcVs arE sioneware CleVS. whiist the very iron-rich Kings
Meadm,,"'s clay wa~ mainly used lor clinker manufacture a1 elevij'ed
tem;:lere1ure. The Dover kcolin was \,;sed 10r the ma'Lu1acture of
"oeH11Eal" bricks, giving an inferior product which flakes and frets
badly. The very siliceous KingSTOn variety (Spring Farm NorTh) has
also produced briCks prone to decay, v.;hdsf alt oiher Clays outside
the fieid h<lve given troublE', either in production or in "E:sring.

M::nerial of ideal composilion are the Giblin Street, Knocklofty
and Howden Yel:ow clays., \';'~,ich all give bricks of outslanding
qualiry, not showing any decey cher up 10 seventy years of
expO~ure. The firSl lWO clay quarrie~ are mined out; Howden
Yellow IS al present mixed with equal arnourtlS of Austins Ferry and
with some addilior,ai KingSton Sprins Farm Clay as e lubricant for
the Production of terr", C011a bri:ks Slightly OUTside the optimum
com;:)ositional 1ield a~e Kingslon Soring Farm South and Port
Anhur BrIck Po:n1 Beach. Decay of lhe I<mer bric.k has been
a!1ribuled by RoberTS and K"llef)d"~ to \,Inderii,i"g c.nd USI; \,If
~ea \J\';;::~er in the prep;;::rallon oi the llriC .... s. Af1er les~ than iifleen

"ears, some of these Kingsl0n bric~s s'1ow also severe frening,
which cannOI bE c:rr,'':Juled 10 sal~ WalE'r Dr u'lderliri.'":g.

The composition of mo~t olher Tcsmanian brick cl;:ys fall within
1he OUlermO~t field o~ eSlablished composilion, as ci:i;cu'ated accord·
ing TO ,he meThod outlined abm'e, This field however has not
produced dura~le bricks according 10 1he listing of Bonnell and
Bunerworth' It i~ of interest 10 nCTe the severe deCay of the
h'l~tO'-lc Port Arthul Pr,ces Kiln blick, whose cO~OOs·It'lon falls
inside this 1ield. Some concern may conSequelll1y be e~pres~ed

abOut the 1Ulurt of the red Auslim Ferry. Dul\lef1on, Howden black
and Hayes bricl.:.~ a'ld lhe yellow Forcett br;c~s T!-le~e clay pilS
have all beel1 opened within The laS! decade and it is consequemly
too early 10 determine wheTher pren-,ature decay w;1I occur. The
comDosition o1lhe Prospect brick is O~tside lhe aCCe~l<i~le held.
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bricks produced in the U.K. fef. Bonnell jJnd Burrerworrh ~ J. The
inner broken line inCludes aff durable U.K. brick compositIons. The
DUrer broken line includes the composition of al! {lme·poor U.K
bricks. The individual U.K data are plotted in rhe inset; the durable
brick.s Iisrea' by Bonnell and Butrerworth are marked wirh cresses.
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CourlCil, Pap~r Fiv!:; H.M. Stationary Office, London, 169 pp,
19501.

4 S.W. Carey, Geology of the Launc<!ston district: R=c. Queen
Vict. Mws. 2 (i94G)31.

5 M. Cardew, Pioneer pottery (Longrnans, London, 327 PD,
1969/.

6 W.F. Cole and A.P. Cart hew, The mineralcgical composition of
50me Tasmaniar-, clays. Pap Proc. R. SOC Tas.87 (",953) 1.

7 W.F. Cole, Clay i\-'Linerals 6(1966) 261.
8. S.H. Dolbearl. Industrial minerals and rock~ (Am, Ins!. Min.

Met. Petro En~.,New York, 156 pp, 19491.
9. E.D. Gill an? tvl.R. Banks. Cainozoic hiSlory of Mowbray

Swamp ..no other areas; Rec. Qu2en 'v':c:. M~s., New $er. 6
(1956) 1

10 R. Grimshaw, The chemislry and physics of clays (Benn,

Londo", 1024 PD, i971!.
11. G.E.A. Hale and KG. Brill, Clay m.nerals from Permian strata

in Tasl7lania; Pap. proc. R. Soc. Tas 89 {1955l231.
11a. G.E. A. H;:;le, J Geoi. Soc. Australia 9 (1962) 217.
12. JohnstOn. G2010gy of tasmania (Government Printer, Hobart.

408 pp, 1888l.

13. l. McMeekin, Note5 tor potters in Australia, Vol. I (New South
Wales U r,iversitV Press, Svdney, 205 DP, 1967).

14. H.H. Murray. Clay; Trans. Am. Pulp and Paper Ltd., Mono·
graph Ser. 38 (1975) 69.

15. NK. RobertS and PW. Kallend, J. Au'st. Ceram. Soc. 12 (1976\
5.

16 J.F. Schairer and NL. Bovven, Am. J. Sci. 245 (19471193.
17. J F. Schairer and N, L. Bowen, Am. J. Sci. 253 (1955\ 681.
18 A. Scott, Ball clays; Spec. Rep. Min. Res. Gr. Britain, Vol.

XXXI (i-U\l1. State Office, Lend, 73 PC, 19291.
19. F. Singer and S. Singer, Industrial ceramics (Chapman and Hall,

1963)
20. FL. Sutherland. The geology and petrology of Ihe Tertiary

volcanic rocks ::>f the Tamar trough, Northern Tasmania; Rec.
Queen Vict. Mus. 36 (1971).

21 V.M. Threader. The clay resources of the Hobart area; Tasm
Dept Mines. Techn. Rep. 14 (t9691 38.

22. W.H. Twelvetrees, Report on deposits 01 clay 31 George's Bay
and elsewhere (Unpubt. Rep. Govt. Geologist's Office, Tas.

Dept M'nes. 10 DD, 1904l.
23. M.M.A. van de Vusse, A study of glauconite and related laver

silicates in some Tasmanian rocks (UI,Pl.JUI. Hans. Thesis,

Geology Dept, UniversitY of Ta5mania, 196 PD, 1976l.
24. H.G.F. Winkler, Ber. Otsch. Keram. Gesellsch. 31 (1954) 337

130:0

.~ -
• o¥- ''''.'
, .....~ ...

·'.-.,- ',.".~·~~~:::~.::';"'- '.",..
· .~<." '.'",
~ :~:.:n.". _."'" ....,•..<,
• ._,,'._ '''~' ' ••_ ,.'0._'
o 'o~.~ '"""
0'," .""., ' .." , •..n

~ ~::;:.:,:: .....
.C'_""",_ ••",.,.
"'-0'.""
~ ~.:~:.......~ ...,-."

'C

,

",
,

. ,
~

~

~ ~ -'

'"-
j
1, ,

TtlSr.13r"l:a:1 I~~,:ary c~avey sediments are largely kaolinilic. clays
c-2veio;J'?s or, 7riassic sec:r:"1e:llS are usually ilii:ic with va'ying
amounts o! kaciinire and clays ceve1op.ed on Permian 3nc older
rocks are iU22!Y illitic with some kaoiini,e or none at al! The
Permian c.'ays conTain sometimes appreciable a~l'~I,'1!S of celri,al
potash felc~p::;r leg Forcen). Primary ciays derived fror:-: igneous
rocks are large:y kaolins, sometimes of ~reat natural purity (e.g.
Tongana!1 and S:h Mt. Cameron)

The rele.:ve r:10leculzr proportions of ,he cO'-:"'1bined alkalis and
alkaline ea~hs cOr:lpared with the proportions of silica and alul7lina
(as calcu~.:;t~d :rOI""71 r3W clay chemical analYSes) charac,-erise acc·
urately ,r,e SiJiT8:Jility of the c!ays as brickrnaking maler:21.

Comp2 r ,son """"~:' cnemic2' a:la1yses of UK bricks test2d on
eX;:lOsure resisea,.ce incica:e the mOSt Ta5:T,a~:ar. ':,)rrck cla','s ar" ~00

si!iceou5 cr,c 'or a:uminOl:S (E:,g. Parr Ar~Mur, Dov~r\. TI"",e few

Izs,"":"'.anian c:i!VS of OQtimu~ chemical composition (Knock1ohy,
Giblin SIre",:, Ho\fl..-den Yellowl show great re5is:ance to weathering.
Tne develoo2c me~hoci 07 chef71ica! evaluation of brick clavs a;:lpears
to be universal and can be appl'ed for the calc'-ilation of suitable
c!ay mixtures lor the production of bricks.
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tions. I acknowledge in particular the help of ASSOCiated Pulp and
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FIG. 7. Seqer "'alUEs of Tasmanian clay deposits (see chemical
data In Tal;/e 3). The c~ramic cfays arE marked with an asterisk in
tile main diagram. The molecular values of alumina and silica iHe
taken fe/a rive ro Jmoles R _0 ... moles RQ} '" 1. The innN elfipse
includes the ,(feai brick Ci;y fiela for United Kingdom and U.S.A
cfays: this limired field comprises 75% of all durable lime·pocu
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CLAYS COMPARATIVE ASSAYS ON L.O.I. FREE BASIS

AE:5.3.Y Hywhlt .. Hymod 1001 Bandy Troup GS 34 GS 30/31
v3.1ue Sup..rb blu.. S Schmidt Black T.. xas calcln.. d •,
5102 ':5':5.0 57.8 70.4 63.0 68.2 60.81 60.28

A1203 3':5.9 33.8 22.7 30.0 36.0 31. 79 30.79

F..203 1.2 1.5 1. 03 1. 31 1.62 1. 13 1. 35

T102 v:,0 1.0 1.':5 1. 72 1. 41 0.89 1. ':5':5

CaO 0.22 0.32 0.22 0.09 0.14 0.03 O.I)~

M90 0.4':5 0.':5':5 0.81 0.39 0.63 0.88 1.06

K20 .;..0 3.3 2.27 1.82 1.06 4.16 4.66

Na20 0.22 0.44 0.23 0.28 0.13 0.21 0.23
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