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LETTER OF TRANSMITTAL 

Geological Survey Office, Department of Mines, 
Adelaide, 24th August, 1950. 

Sir, 
I have thej honour to submit to you a report on the talc deposits of South 

Australia. 

The investigations of the talc resources of the State were made by officers 
of the department in close co-operation with Dr. F. L. Stillwell and Dr. A. B. 
Edwards of the Commonwealth Scientific and Industrial Research Organization. 
They also included experiments on the beneficiation of low-grade material 
carried out by Mr. D. R. Blaskett of the C.S.I.R.O. and Mr. N. Jackson of the 
Department of Mines. 

The demand for talc and other non-metallic minerals in South Australia 
increased markedly during the Second World-War when overseas sources of 
supply were severed. Australian manufacturers succeeded in using material 
from local deposits. In recent years the quality of the mine output has 
increased to a parity with that of the imported raw materials such that local 
supplies have continued to supply the Australian market. For the year 
ended 31st December, 1949, the output reached a record mark of 6,643 tons 
valued at £44,333.-

The report gives a general review of the development of the industry in 
the State, and the uses, specifications, prices, and market for talc. The 
industry is changing rapidly and, with an increasing demand, the intro-
duction of mechanical equipment in the mines and the establishment of 
beneficiation plants can be expected in the near future. South Australia 
supplies the greater proportion of Australian talc requirements. The publica-
tion of this report is aimed to encourage the largest possible use of these 
resources by acquainting consumers and other interests with the characteristics 
and potentialities of the known occurrences. 

I have, etc., 

S. B. DICKINSON, Government Geologist. 

The Hon. A. Lyell McEwin, M.L.C., Minister of Mines. 

Submitted for approval to print as a Bulletin of the Geological Survey 
of South Australia. 

Approved, 
A. LYELL McEWIN, Minister of Mines. 



SHOWING 

AREAS DEALT WITH IN BULLETIN N? 26 
RAILWAYS SHOWN THUS 

SCALE 
MILCS 20 Q 30 30 60 MILES 

s | o u r H OCEAN 

[ Front ixpiece 



CONTENTS 

Part I 
PAGE 

GENERAL INTRODUCTION—BY S. B. DICKINSON 5 
Australian consumption of talc , 13 
Chemical and physical properties of talc 5 
Milling of talc 16 
Mining of talc 15 
Prices 13 
Production in South Australia (talc and soapstone) 13 

Graph 14 
Table 17 

Uses of soapstone 12 
Uses of steatite 12 
Uses of talc 7 

Ceramic industry 11 
Cosmetic industry 10 
Foundry industry 12 
Miscellaneous uses 12 
Paint industry 9 
Paper manufacturing industry 9 
Roofing industry 11 
Rubber industry 11 

Part II 
GUMERACHA DISTRICT 

CHAPTER 1 — G U M E R A C H A TALC D E P O S I T S — B Y S . B . DICKINSON AND A . W . G. 

W H I T T L E 1 8 

John Dunstan & Son (W.A.) Ltd 26 
The Torrens' Mining Co. Ltd 29 

CHAPTER 2—PETROLOGY OP THE GUMERACHA TALC D E P O S I T S — B Y F . L . 

STILLWELL AND A . B . EDWARDS 3 1 

CHAPTER 3—BENEFICIATION OF GUMERACHA T A L C — B Y D . R . BLASKETT . . . 5 0 

Mineragraphic Investigation (by F. L. Stillwell) 60 
Report of Johnson & Johnson Pty. Ltd 62 

' Report of Ferro Enamels (Aust.) Pty. Ltd. . . .' 63 

V Part III 
MOUNT FITTON DISTRICT 

CHAPTER 1 — F L I N D E R S N O . 5 TALC DEPOSIT—BY S . B . DICKINSON 6 8 

CHAPTER 2—REGIONAL GEOLOGY IN THE MOUNT FITTON TALC A R E A — B Y 
R . C. SPRIGG 7 6 

CHAPTER 3 — M I N I N G OPERATIONS, FLINDERS N O . 5 TALC D E P O S I T — B Y A . T . 
ARMSTRONG .' 8 5 

CHAPTER 4—BENEFICIATION OF TALC FROM MOUNT F I T T O N — B Y N . JACKSON 9 0 

CHAPTER 5—PETROLOGY OF THE MOUNT FITTON TALC D E P O S I T S — B Y F . L . 
STILLWELL AND A . B . EDWARDS 1 0 1 

Part IV 
TUMBY BAY DISTRICT 

CHAPTER 1 — T U M B Y B A Y TALC D E P O S I T S — B Y E . BROADHURST 1 0 9 

CHAPTER 2—PETROLOGY OF THE T U M B Y B A Y TALC D E P O S I T S — B Y F . L . 
STILLWELL 1 1 7 



C O N T E N T S — c o n t i n u e d 

Part V 
MINOR TALC D E P O S I T S PAGE 

CHAPTER 1 — T A L C AND FELSPAR DEPOSIT NEAR LOBETHAL—BY A . W . G. 
WHITTLE 1 2 3 

CHAPTER 2—TALC OCCURRENCES IN THE LYNDOCII DISTRICT—BY A . W . G.' 
WHITTLE 1 2 6 

CHAPTER 3-—TALC OCCURRENCES IN THE VICINITY OF WILLIAMSTOWN—BY 
A . W . G. WHITTLE 1 2 9 

Part VI 
Bibliography of South Australian Talc Deposits ]30 
Record of Talc Mines in South Australia 132 

Plans and Illustrations 
List of plans and illustrations 134 

I 



TALC DEPOSITS IN SOUTH AUSTRALIA 

PART I 

GENERAL INTRODUCTION 
BY 

S . B . D I C K I N S O N , M . S C . (DIRECTOR OF M I N E S AND G O V E R N M E N T GEOLOGIST) 

South Aus t ra l i a has long been the chief source of ta le in the Commonweal th , 
and p roduc t ion has increased no tab ly over the las t 10 years . I n 1947 i t amounted 
to 4,460 tons, and in 1948 to 3,874 tons. P roduc t ion has been s t imula ted by 
the expans ion of Aus t r a l i an indus t r ies and the difficulty of ob ta in ing suppl ies f r o m 
abroad . Inves t iga t ions have revealed t h a t all Aus t r a l i an demands f o r m a n y years 
to come can be met f r o m deposi ts in South Aus t ra l i a , and there a r e ample 
reserves to w a r r a n t the development of an expor t t rade , in the h igher g rades 
of talc, with such countr ies as New Zealand. 

The minera l occurs in bodies of i r r egu la r f o r m within rocks hav ing a no tab le 
content of magnesia , in t he s ta te of e i ther complex silicates or carbonates , 
where these rocks have suffered me tamorph i sm or a t t ack by hydro the rma l 
solutions. They a re res t r ic ted to regions in which the older rocks have been 
subjec ted to those processes, and a re especial ly common in dolomitic marble , 
and less so in u l t ra -bas ic igneous rocks, schists, and gneisses. 

I n South Aus t r a l i a two types of occurrence a re f o u n d . The T u m b y B a y and 
Moun t F i t t o n deposi ts a re associated with dolomite and dolomitic marble , whi ls t 
the deposi ts at Gumeracha occur in mica schist and quar tz i te . The Gumeracha 
occurrence is believed to be unique, and F . L. Stillwell and A. B. E d w a r d s 
have concluded t h a t the magnes ian componen t of the talc was derived, most 
p robab ly , f r o m the magnes ian-bear ing bioti te of the or ig inal schists. There a re 
no known commercial deposi ts of ta lc in South Aus t r a l i a f o r m e d f r o m the 
a l te ra t ion of basic int rusives . 

The three main min ing cen t res—Gumeracha , T u m b y Bay , and M o u n t Fitton—• 
p roduce dist inct ive types of talc wi th p rope r t i e s which make them sui table f o r 
special uses. The n a t u r e and or igin of the deposi ts a r e discussed elsewhere in 
this Bulletin, in addi t ion to the detailed accounts of the i r minera logy and pe t -
ro logy by Stillwell and E d w a r d s of the M i n e r a g r a p h i c Section of the Council 
f o r Scientific and I n d u s t r i a l Research, who visited each field and collected 
typ ica l specimens f o r the i r inves t iga t ional work . 

The field m a p p i n g was carr ied out by var ious officers of the Geological Survey 
of South Aus t ra l i a , and extended in t e rmi t t en t ly over a per iod of f o u r years . 

CHEMICAL AND PHYSICAL PROPERTIES OF TALC 
Talc is an hyd rous sil icate of magnes ium, and owes i ts impor t ance as an 

indus t r i a l minera l to i t s phys ica l p rope r t i e s r a t h e r t han i ts chemical composi t ion. 
I t closely resembles py rophy l l i t e (a hydrous silicate of a lumin ium) both of 
which a r e recognized in the field b y the i r ext reme sof tness and greasy feel . 

S tea t i t e is the n a m e given to compac t massive talc wi thou t visible g ra in and 
f r e e f r o m visible impur i t ies . 

Soaps tone is the n a m e given to any ta lc -bear ing rock t ha t is readi ly cut and 
can be worked f o r the p roduc t ion of sawn blocks and bricks, which a r e used 
f o r oven and f u r n a c e l inings. 



6 

/ 



7 

The chemical composi t ion of p u r e talc is genera l ly expressed as 3 M g 0 . 4 S i 0 2 . H „ 0 , 
bu t the actual p r o p o r t i o n s of S i 0 2 , MgO, a n d H 2 0 a re known to v a r y wi thin 
small l imits. Accord ing to the above f o r m u l a t he theoret ical composi t ion of p u r e 
talc is given in the table below, which also conta ins ana lyses of t he best g rades of 
South Aus t r a l i an talc now being worked. 

CHEMICAL COMPOSITION OP SOUTH AUSTRALIAN TALC 

Theoretical Tumby Bay Gumeracha Mt. Fitton 
composition talo* talo* (Flinders 
of pure talo Range) talo* 

Silica (Si02) 63-50 61-26 61-90 62-16 
Magnesia (MgO) 31-70 30-53 28-23 32-06 
Alumina (Ala03)- — 1-76 1-88 0-61 
Iron oxide (Fe203 and FeO) — . 0-37 2-31 0-58 
Lime (CaO) — nil nil nil 
Soda (Na20) '. — 0-17 0-68 nil 
Potash (Ka0) — 0-10 nil nil 
Water at 100°C. (Ha0) — 0-22 0-03 0-11 
Water above 100°C. (Ha0) 4-80 4-90 4-66 4-51 
Chlorine (CI) — 0-30 nil — 

100-00 99-61 99-69 100-03 

* Analysis by T. W. Dalwood, Departmental Analyst and Assayer. 

The a lumina , f e r r i c and f e r r o u s i ron, lime, soda, po tash , and chlor ine are 
due to the presence of minu te amount s of associated minera ls invisible to the 
naked eye. The n a t u r e of these minera ls is described by Stillwell and E d w a r d s 
in the i r m ine rag raph i c r epo r t s on the respect ive deposits . 

General ly speak ing the value of talc f o r commercial use is dependent , in the 
first place, on its p u r i t y . Bes t qual i ty talc is f r e e f r o m , or conta ins only t races 
of , lime, i ron-bear ing minerals , a n d g r i t t y mater ia l . Lower g rades may contain 
apprec iab le amount s of these impur i t ies , and a re sold a t lower prices. The 
presence of impur i t i es causes marked var ia t ion in the physical p rope r t i e s of 
talc and , as the sui tabi l i ty of a ta lc f o r a pa r t i cu l a r indus t ry depends largely 
on i ts physical p roper t i e s , the de te rmina t ion of these is i m p o r t a n t before the 
o u t p u t f r o m a p a r t i c u l a r talc deposi t is acceptable to a consumer. Chemical 
analys is is general ly of secondary impor tance . 

The more i m p o r t a n t phys ica l p r o p e r t i e s of talc a re its so f tness and ready 
tendency to cleave into th in flakes which a r e responsible f o r its g reasy feel . 
I n addi t ion i ts res is tance to bo th physical and chemical change, and i ts low 
electrical and heat conduct ivi ty , a f ford it wide app l ica t ion indus t r ia l ly , and i ts 
r a n g e of use is cont inual ly increas ing. U n f o r t u n a t e l y no universal s t a n d a r d 
tes t ing methods or specifications f o r ta lc a re genera l ly recognized, and a t the 
p resen t t ime i ts value is la rge ly a m a t t e r of individual opinion. I t s r a n g e of 
use and value to i n d u s t r y depends to some ex ten t on i ts re la t ive abundance and 
cost of min ing and p r e p a r a t i o n , as subs t i tu tes can be f o u n d f o r many of i ts 
uses. The p rope r t i e s of ta le a re deal t with f u r t h e r in the fo l lowing out l ine of 
the main uses of talc. 

USES OF TALC 
Talc is suppl ied to i n d u s t r y ei ther in t he powdered f o r m or in blocks. 
Powdered talc is by f a r the more i m p o r t a n t and is valued and used chiefly 

on the basis of colour, on the ha rdness and shape of g ra in , and g ra in size. A t 
the deposi ts the ta lc is genera l ly ca re fu l ly hand-p icked into two grades , f o r 
d i spa tch to mil l ing p l a n t s in Adelaide, Melbourne, and Sydney . F i r s t g r a d e 
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comprises mate r ia l special ly selected f o r i ts whiteness and f r e e d o m f r o m visible 
g r i t t y impur i t y . Second g r a d e comprises sl ightly off-colour ta lc wi th l i t t le visible 
impur i t y . A t the mil l ing p lan t , both first- a n d second-grade ta lc a re g round to 
par t ic le sizings r equ i red by the var ious t rades . No ser ious a t t e m p t has yet been 
m a d e to improve the qua l i ty of the g round p r o d u c t by ore-dress ing methods, 
which would remove or reduce the content of minera l i m p u r i t y in the run -o f -
mine mater ia l b e f o r e or du r ing the g r i nd ing process. 

Block talc is more commonly r e f e r r e d to as s teat i te or soapstone. I t has a 
l imited r a n g e of use, and the consumpt ion is exceedingly small compared with 
t h a t of powdered talc. The deposi ts f r o m which block talc is p roduced a re 
worked only a t i n f r e q u e n t in tervals , whils t the mines p r o d u c i n g tale f o r subse-
quen t use in the powdered f o r m are in cont inual opera t ion . 

USES OF POWDERED TALC 

Paint Industry 
Talc is now recognized as one of the i m p o r t a n t cons t i tuents of a la rge 

n u m b e r of pa in t s . I t is used in the i r m a n u f a c t u r e , both as a filler and as a 
p igment . 

I t s value as a filler is due to the tendency of the flat flake-like g ra ins of talc, 
in ready-mixed pa in t s , to r ema in in suspension and p reven t the set t l ing of 
p igments . Also, p a i n t s con ta in ing ta lc as a filler a re f o u n d to have a supe r io r 
covering power p e r un i t weight of filler. In oil pa in t s the quan t i t y used usually 
does not exceed 5 pe r cent of the total p igmen t . 

A s a p igmen t , i t s whi teness gives a s t rong b ind ing power to complex colour ing 
agents , and is used la rge ly in cold-water p a i n t s f o r covering in te r ior p las te r -work . 
D u r i n g the w a r talc was used extensively in special non-ref lect ing pa in t s . W h e n 
mixed in g r ea t e r p r o p o r t i o n with o ther p a i n t cons t i tuents i ts chemical s tabi l i ty 
is ex t remely i m p o r t a n t , and if i ts content is increased sufficiently, t ha t is, to 
abou t 50 p e r cent of the to ta l solid const i tuents , i t p roduces fire-resisting 
quali t ies in cer ta in pa in t s . Be ing a poo r absorber of mois ture i t cont r ibutes to 
the wa te rp roo f ing p rope r t i e s of cer ta in enamels and roofing pa in t s . 

F o r s a t i s f ac to ry use in all t ypes of p a i n t it should be g round to pa s s a 
200-mesh s c r e e n — p r e f e r a b l y a 350-mesh sc reen—and be f r e e f r o m g r i t t y impur i t ies , 
mois ture , and a n y ma te r i a l caus ing discolorat ion. 

Powdered talc is genera l ly sold to the p a i n t i ndus t ry under the name of 
"asbes t ine" , which is ve ry misleading, as besides g iv ing the er roneous impress ion 
t h a t asbest ine is g r o u n d asbestos, the n a m e is no t res t r ic ted, as or ig inal ly 
in tended, to fibrous ta lc or a mix tu re of ta lc and t remol i te which make a good 
paint-f i l ler with s t rong bond ing p rope r t i e s . This n a m e (asbest ine) is now equally 
app l i ed to g r a n u l a r or p l a t y ta lc con ta in ing ca rbona te or clay impur i ty , which 
lacks dist inctive bonding p r o p e r t i e s of t r u e asbestine. I t is desirable, t he re fo re , 
t ha t p a i n t m a n u f a c t u r e r s should know the or igin of the ta lc they a r e consuming^ 
and the p rope r t i e s of the na tu ra l l y occur r ing mater ia l . F o r example , the T u m b y 
B a y talc conta ins a whi te clay i m p u r i t y ajid occurs in a pu lve ru len t f o r m ; it 
lacks the high s l ip and p l a t y t ex tu re of Gumeracha ta lc and M o u n t F i t t o n talc. 

I n Canada and Amer ica the p a i n t i n d u s t r y has long been the p r inc ipa l 
consumer of t a l c ; bu t in Aus t r a l i a the p a i n t i ndus t ry is a very minor consumer. 

Paper Manufacturing Industry 
Talc is used as a filler in p a p e r of all g rades because of i t s good re ten t ion 

and flaky charac ter . The re ten t ion of tale is supe r io r to t h a t of clay and , 
p rov ided i t is p rocu rab le a t a p r ice equal to, or s l ight ly more t h a n , t ha t of 
white clay of good qual i ty , i t has wide app l i ca t ion in this indus t ry . F o r whi te 
p a p e r the ta lc mus t have a pure -whi te colour, a fine grain-size (200 mesh or 
finer) and be f r e e of g r i t t y impur i t ies . I t is used f o r n e w s p r i n t as well as the 
finest g rades of p a p e r . I t s other physical p rope r t i e s a r e utilized in the numerous 
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special p a p e r s . F o r example , on account of i t s mois ture- and a i r - res i s t ing 
p r o p e r t i e s i t is employed f o r p a p e r used f o r p rese rv ing p u r p o s e s ; g rease-proof 
p a p e r depends on the low oil and grease absorp t ion p r o p e r t y of t a l c ; and 
t issue p a p e r gets i ts silky opaque a p p e a r a n c e th rough the use of talc. Genera l ly 
speak ing , ta le gives to p a p e r a flatness, smooth a p p e a r a n c e , and s o f t feel 
unequal led by any other known minera l filler. 

Coarser and off-colour ta lcs find wide app l i ca t ion in the p r e p a r a t i o n of wea ther -
res is t ing and fire-proof roofing pape r s . F o r th is p u r p o s e it rea l ly f o r m s a 
coat ing on a p a p e r background . Gra in size or colour a r e no t i m p o r t a n t , bu t 
talc f o r this p u r p o s e mus t be cheap to compete wi th s c rap mica and other cheap 
by-produc t mater ia l s which have low-moisture absorp t ion p roper t i e s . 

Overseas, the p a p e r i n d u s t r y fol lows p a i n t in extent of the consumpt ion of 
ta lc ; bu t in A u s t r a l i a i t is relat ively u n i m p o r t a n t . 

Hi the r to , in Aus t ra l i a , talc has been used chiefly as a correct ive agen t in the 
p r e p a r a t i o n of su lphi te p u l p s p r i o r to mill ing, and p a r t l y as a filler f o r a f e w 
special p roduc t s , such as grease-proof p a p e r . A t a reasonable pr ice the con-
sumpt ion of talc in the p a p e r i ndus t ry in Aus t r a l i a can be expected to g radua l ly 
rise, now t h a t the m a j o r tee th ing problems of the i n d u s t r y have been overcome 
and more t ime can be devoted to the s tudy of r a w mater ia ls . A s in the case 
of the p a i n t indus t ry , the p rope r t i e s of the riaturally occurr ing talcs—such as 
t ex tu re and colour—should be compared with those sought in the p a p e r products , 
in addi t ion to the rou t ine s tudy of the p rope r t i e s of the milled mater ia l accepted 
f o r use. 

The p roduc t ion of b i tuminous roofing p a p e r s conta in ing coarser g round 
in fe r io r ta lc and g round soaps tone is increasing, and provides a marke t f o r 
low-grade talc. S c r a p mica, is equally, if not bet ter , sui ted f o r this indus t ry , 
and is t he re fo re a s t rong compet i tor . 

/ 
Cosmetic Industry 

The cosmetic i n d u s t r y is a t p r e sen t the la rges t consumer of ta lc in Aus t ra l i a . 
Only the h ighes t -grade wh i t e talcs a re ' employed f o r the m a n u f a c t u r e of a wide 
va r i e ty of goods, p r inc ipa l ly ta lcum powders , soaps, creams, lotions, l ipst ick, 
and many other toilet a n d pharmaceu t i ca l p r e p a r a t i o n s . 

P r i o r to the w a r suppl ies were obta ined almost exclusively f r o m Ind ia , I t a ly , 
and M a n c h u r i a ; bu t with the severance of communicat ions i t was f o u n d necessary 
to find sources of supp ly . The extensive tes t ing of Aus t r a l i an talcs p roved t h a t 
suitable mate r ia l was avai lable locally, and tha t Aus t r a l i a could be self-sufficient 
in respec t to h igh-grade tale f o r cosmetics and to most o ther g rades of g round 
tale f o r indus t r i a l purposes . 

No genera l ly recognized specifications a re app l i ed to the pu rchase of cosmetic 
talc, bu t indiv idual consumers insist on i t hav ing a good white colour, a good 
slip, f r e e d o m f r o m gri t , and fineness of g r a i n size. A p a r t f r o m fineness—which 
is de termined by a sizing tes t—these character is t ics a re de termined qual i ta t ively 
by compar i son with s t a n d a r d ta lc powders whose commercial value has been 
established. Other p roper t i e s—which a r e usual ly specified and determined 
chemical ly—include max imum allowable pe rcen tages of mois ture , acid-soluble 
mater ia l , water-soluble mater ia l , loss on igni t ion, and i ron content , all of which 
a re a guide to the impur i t i es . which may be p re sen t in to lerable amounts . F o r 
example , the acid soluble mate r ia l is commonly a ca rbona te impur i t y . 

The cons tant s u p p l y of h igh-grade talc f o r the cosmetic i n d u s t r y requi res 
special ca re in selection du r ing min ing a n d mil l ing opera t ions . A s the ta lc 
p roduc t ion in South Aus t r a l i a is a t p r e s e n t chiefly concerned with the cosmetic 
indus t ry , the main tenance of qua l i ty of o u t p u t mus t be r ega rded by p roduce r s 
as being of p r i m e impor t ance to the i r successful compet i t ion wi th f o r e i g n 
cosmetic-grade talcs, which can be expected to become aga in available in 
Aus t r a l i an marke t s . 
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Roofing Industry 
Coarse low-grade tale, in some cases p roduced f r o m the g r ind ing of soapstone, 

is used in the roofing i n d u s t r y f o r the m a n u f a c t u r e of roofing p a p e r . I t i m p a r t s 
wea the r : res i s t ing and fire-proofing p rope r t i e s to the p a p e r , and is app l ied both 
as a filler and as a s u r f a c i n g agent . Ground sc rap mica is general ly p r e f e r r e d 
by m a n u f a c t u r e r s of roof ing p roduc t s on account of i ts more p ronounced f laky 
charac te r and g rea te r cover ing p o w e r ; bu t if avai lable a t a low cost, talc finds 
r eady use. The extensive pos t -war bui ld ing p r o g r a m m e s a re l ikely to increase 
the use of low-grade ta lc in this indus t ry . 

Ceramic 'Industry 
Talc is used in ceramics chiefly f o r the m a n u f a c t u r e of electrical porcela in , 

wall tiles, and d inner ware . The developments in radio and h igh- f requency 
electricity increased the demand f o r ta lc d u r i n g the war . I t s chief uses in 
these fields were f o r insu la tors in communica t ion equ ipmen t such as radio 
t r ansmi t t e r s , r a d a r , and other electronic devices, and f o r cer ta in t ypes of s p a r k 
p lugs and other electrical and hea t - insu la t ing p roduc t s . In i t i a l ly these ar t ic les 
were made f r o m blocks of n a t u r a l l y occurr ing s tea t i te (or compact massive ta lc) 
by mach in ing and dr i l l ing to the requ i red shapes which were then fired. The 
finished p roduc t , a f t e r firing, possesses r emarkab l e p roper t i e s . Like ta lc it is 
very res i s tan t to chemical and phys ica l changes, and has a very high di-electric 
s t reng th , but in cont ras t to r a w talc, i t is ex t remely ha rd with a high compressive 
s t rength . S tea t i t e used in this way is sometimes called " lava" , which is merely 
a t r a d e n a m e in t roduced by one of the p ioneer m a n u f a c t u r i n g companies . D u e 
to the shor tage of supp l i e s of p u r e block ta lc or s teat i te , and the high cost which 
is accentuated by f i r ing losses, intensive research has led to the successful 
m a n u f a c t u r e of s tea t i te insu la tors f r o m die-press ing powdered talc. Besides 
being more read i ly obta inable th is method el iminates waste in the f ab r i ca t i on 
process, and has made possible the addi t ion of o ther ingred ien ts such as si l icate 
of soda, a lumina , and fluxes f o r the p u r p o s e of i m p a r t i n g special p rope r t i e s to 
the s tea t i te bodies. A l though th is synthe t ic lava has largely replaced n a t u r a l 
lava f o r most purposes , the l a t t e r is super io r where high precis ion and in t r icacy 
of shape is involved. • 

Genera l ly speaking , ta lc f o r ceramic use mus t contain less t han 1 pe r cent of 
i ron oxide and 1 pe r cent of lime. B y i tself , or mixed with cer ta in t ypes of 
clay, i t is f inding a wide r a n g e of use as a subs t i tu te f o r clay in k i tchen-ware 
and d inner -ware . I n Amer ica th is t r end is clearly evident f r o m consumpt ion 
stat ist ics, which show the ceramic i n d u s t r y in 1939 r a n k i n g th i rd on the list of 
m a j o r consumers, hav ing r isen f r o m an u n i m p o r t a n t posi t ion in 1929. I n 
A u s t r a l i a i t is reasonable to expect a s imilar development once the character is t ics 
of local talcs a re unders tood, and adequa te suppl ies a t reasonable cost a re 
available. 

Rubber Industry 
Powdered talc is used extensively in the r u b b e r i n d u s t r y f o r the dus t ing of 

moulds and finished p roduc t s . I t s value lies in i ts h igh sl ip and lubr ica t ing 
power . A good second-grade or off-colour g r e y ta lc is genera l ly acceptable to 
consumers, provided i t is f r e e f r o m metall ic minera l impur i t i e s such as manganese , 
copper , and zinc. M a n u f a c t u r e r s usua l ly requi re i t to be g round to a fineness 
of less t han 200 mesh, and to be g r i t a n d mois ture f r ee . Besides being used in 
the m a n u f a c t u r e of rubber , ta le is also used on the r u b b e r p l an t a t i ons f o r dus t ing 
the sheets of crude rubbe r p r i o r to sh ipment . F r o m the t onnage point of view 
the rubbe r i n d u s t r y in Aus t r a l i a is of minor impor tance , bu t with the p robab le 
es tabl ishment of t y r e f ac to r i e s in South Aus t r a l i a an increased local consumpt ion 
may be an t i c ipa ted . 
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Foundry Industry 
I ron a n d steel f ound r i e s use low-grade off-colour ta le f o r f ac ings and the 

coa t ing of moulds. I t is e i ther mixed wi th or used ins tead of g raph i t e . In 
Aus t ra l i a , p roduc t ion f o r th is p u r p o s e has been chiefly i ron-s ta ined talc f r o m 
the Wal lenbe in deposi ts of New South Wales , bu t second-grade South Aus t r a l i an 
talc has also been used. 

Miscellaneous Uses 
Talc finds minor app l i ca t ion as a filler, absorber , or pol ishing agen t in a 

vas t number of m a n u f a c t u r i n g processes. P r o b a b l y of most impor t ance is i ts 
increas ing use in the m a n u f a c t u r e of insecticides, which could almost be classed 
sepa ra t e ly as a m a j o r consumer of talc. A s a filler i t is also used in l inoleum 
and oilcloth; in seals f o r food con ta ine r s ; in tex t i les ; in pol ishes ; in composi t ion 
floorings; and in wall p las ters . A s a pol ishing, lubr ica t ing , and dus t ing agen t 
it is used in fe r t i l izers to r ende r the p roduc t f r e e r u n n i n g ; in rice, bar ley, corn, 
and other cereals f o r pol i sh ing p u r p o s e s ; in lea ther goods of all k inds to give 
a smooth finish; and in moulds of va r ious t y p e s to p r even t s t icking. I t is 
f u r t h e r used, wi th a sui table binder , f o r the m a n u f a c t u r e of ta lc c rayons f o r 
m a r k i n g steel or g lass—talc being the one subs tance t h a t will m a r k these 
mate r ia l s whether their su r faces a r e hot or cold. These a r e a f ew of the 
minor uses which ta lc can serve, pa r t i cu l a r ly if i t is avai lable to these t r ades a t 
pr ices which a r e compet i t ive wi th those of subs t i tu te mater ia ls . 

USES OF STEATITE 
The te rm steat i te has a l ready been defined as a p p l y i n g only to massive com-

pac t p u r e ta lc wi thou t visible g ra in . I n South Aus t r a l i a the only na tu ra l ly 
occurr ing ma te r i a l to which this definit ion can be app l i ed is the F l i nde r s R a n g e 
ta lc or s teat i te . S tea t i t e is g r o u n d like o r d i n a r y ta lc f o r the p roduc t ion of 
powdered talc, the uses 9f which have a l r eady been considered. Refe rence has 
a l ready been made to the decl ining use of s tea t i te in block f o r m f o r ceramic • 
ware . I n Aus t r a l i a s teat i te bodies a r e made almost exclusively f r o m powdered 
talc, whilst most of the precis ion lava w a r e is impor t ed f r o m overseas. 

There a re no o ther uses—other t h a n those f o r which soaps tone is used—which 
would equally be served by s teat i te . 

USES OF SOAPSTONE 
W h e r e a s s teat i te is the t e r m given to a p u r e dense ta lc rock, soaps tone is a n y 

s o f t i m p u r e talcose. rock which can be readi ly sawn. Talc f o r m s the g rea te r 
p r o p o r t i o n of a soapstone, bu t o ther minera ls a re genera l ly conspicuous and 
may influence the r a n g e of i ts use. W h e n i t is g round i t is classed as powdered 
ta lc a n d finds use in roofing p r o d u c t s and in the f o u n d r y a n d r u b b e r t rades to 
which r e fe rence has been made . 

Soaps tone finds a l imited use in the f o r m of sawn blocks and br icks f o r 
f u r n a c e a n d oven l inings. I t is used in the ki lns of k r a f t - p a p e r mills, and on 
account of i ts res is tance to chemical a t t a c k and r e f r ac to r ine s s it is ideal f o r 
the i r alkal i recovery f u r n a c e s . I t is also used in bakers ' ovens, f o r br ick and 
slab l iners, f o r fireboxes and stoves, and f o r fireless-cooker pla tes , etc. I t s 
sui tabi l i ty f o r f u r n a c e work is genera l ly de termined unde r ful l -scale work ing 
condit ions by compar i son with " s t a n d a r d s tone" . 

I t s acid-resis t ing p rope r t i e s make i t a desirable mate r ia l f o r l abo ra to ry 
benches, sinks, tanks , and f u m e cupboard hoods. Because of i ts good electrical 
insu la t ing p rope r t i e s i t is used f o r swi tchboard panels . There is considerable 
scope f o r the expans ion of soaps tone min ing in Aus t r a l i a as, to date, soaps tone 
has only f o u n d small app l ica t ion to the above uses, and there a re others — 
notab ly f o r bui ld ing p u r p o s e s — t o which i t can also be appl ied . 
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PRICES 
P o w d e r e d talc has a wide r a n g e of pr ices , depend ing on i ts p u r i t y , phys ica l 

p rope r t i e s , a n d fineness of g r ind ing , the specificat ions f o r which v a r y in the 
d i f fe ren t consuming indust r ies . 

Roof ing a n d f o u n d r y talcs a r e the cheapes t and sell a t £6 to £7 p e r ton f .o .r . 
Off-colour tales, f a i r l y f r e e f r o m g r i t a n d sui table f o r t he r u b b e r indus t ry , sell 
a t abou t £8 to £10 p e r ton f .o .r . W h i t e ta lc f o r p a i n t , p a p e r , a n d ceramic use 
sells a t £10 to £12 p e r t o n f .o . r . ; while t he highest g r ade of A u s t r a l i a n t a lc— 
used chiefly f o r cosmet ics—ranges f r o m £19 p e r t o n f .o.r . , accord ing to the 
p a r t i c u l a r p r o d u c t concerned. 

The cost to consumers of best g r a d e impor t ed I n d i a n talc, which is no be t te r 
t h a n the F l i n d e r s R a n g e talc, r a n g e d f r o m £27 10s. to £36 p e r ton du r ing 1945. 
I t en te rs A u s t r a l i a u n d e r t he Br i t i sh p r e f e r e n t i a l tar iff of 30 p e r cent, ad valorem. 
I m p o r t s a r e res t r ic ted as long as adequa te and sui table suppl ies can be obta ined 
f r o m local sources a t reasonable cost. 

P r ices of crude ta lc f r o m the var ious deposi ts r a n g e f r o m £4. to £10 p e r 
ton f .o . r . or f .o.b. f o r first a n d special g rades a t the nea res t r a i l s iding or sh ip-
p i n g por t , and £3 to £5 f o r second grades . F i r s t and second g rades a t d i f fe ren t 
deposi ts a re not comparable , and the pr ices a re de termined by agreement between 
indiv idual p roduce r s and consumers, depend ing on the p u r p o s e f o r which the 
tales a r e used. The pr ices genera l ly include an al lowance f o r r oad t r a n s p o r t 
between the mine and the nea res t po in t of sh ipment . 

PRODUCTION 

The to ta l recorded p roduc t ion of ta lc a n d soaps tone in Sou th A u s t r a l i a since 
the incep t ion of min ing in 1900 to 31st December , 1949, amoun ted to 51,806 
tons, va lued a t £204,862. 

A max imum a n n u a l p roduc t ion of 3,868 tons, more t h a n t reb le the p r e - w a r 
ou tpu t , was reached in 1944 as a resul t of subs tan t ia l wa r t ime demands f o r ta lc 
f r o m local sources, resu l t ing f r o m dras t ic cur ta i lment of i m p o r t s f r o m Ind i a , 
Manchur i a , a n d F r a n c e , a n d the development of new uses f o r w a r - pu rposes . 
The tables and g r a p h , p r i n t e d here in , show the cont r ibut ions f r o m the th ree 
main p r o d u c i n g centres, Gumeracha , T u m b y Bay , and' M o u n t F i t t o n , both p r i o r 
to and du r ing the war . Smal l o u t p u t s f r o m p rospec t ing act ivi t ies a r e recorded 
f r o m deposi ts nea r Cowell on B y r e Pen insu la , a n d f r o m Lyndoch which is abou t 
35 miles by ra i l f r o m Adelaide. 

The ma te r i a l is sold by p roduce r s in the c rude f o r m . The ta lc is purchased 
chiefly by minera l -mi l l ing firms which ra i l or sh ip i t to the i r g r i n d i n g p l a n t s 
in the eas te rn S ta tes . The small i n t e rmi t t en t o u t p u t of f u r n a c e soaps tone blocks 
f o r br icks is pu rchased direct ly by consumers . 

AUSTRALIAN CONSUMPTION 

The A u s t r a l i a n consumpt ion of powdered t a lc in 1943, as r epo r t ed by users , 
total led 4,860 tons. The d is t r ibu t ion b y indus t r ies was as fo l lows : cosmetics 
2,650 tons (54 p e r c e n t ) ; r u b b e r 820 tons (17 p e r c e n t ) ; p a i n t 480 tons 
(10 p e r c e n t ) ; f o u n d r y 480 tons (10 p e r c e n t ) ; miscel laneous 430 tons (9 p e r 
c e n t ) . These figures include 300 tons of h igh-grade impor t ed talc. I n 1944 and 
1945 the q u a n t i t y of ta lc used decreased to 4,450 tons a n d 3,740 tons respect ively. 
This decrease was due to decl ining war - t ime activit ies. I n 1946 the consumpt ion 
increased sl ight ly to 3,760 tons, which suggests an ear ly revival of the p r e - w a r 
u p w a r d t r end wi th the increas ing app l i ca t ion of ta lc in peace- t ime indus t ry . 

Undoub ted ly t he ma in f e a t u r e s of A u s t r a l i a n consumpt ion a r e the l a rge p r o -
por t ion used b y the cosmetic i n d u s t r y a n d the re la t ive u n i m p o r t a n c e of ta lc in 
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other indus t r i a l t r ades . I n cont ras t , in Amer ica and Canada , whe re t a le min ing 
has progressed much f a r t h e r t h a n in any o ther coun t ry , condi t ions a re f o u n d 
to be ent i re ly the reverse. The cosmetic i ndus t ry r a n k s las t ins tead of first 
amongs t p r inc ipa l ta lc consumers , a n d absorbs only abou t 5 p e r cent of the 
total output. I t is superseded by p a i n t , ceramic, roofing, p a p e r , and r u b b e r 
indus t r ies , which collectively t a k e abou t 80 p e r cent of the to ta l consumpt ion . 
This cont ras t shows tha t there is considerable scope f o r an increased consumpt ion 
of talc in secondary indus t r ies in Aus t ra l i a , which have e x p a n d e d considerably 
du r ing the war . Genera l ly speaking , however, f o r widespread use except f o r 
cosmetics, talc mus t be r ega rded as a low-priced commodi ty and, the re fore , wi th 
most of the m a r k e t s a t p r e sen t s i tua ted in the eas tern States , low costs of 
p roduc t ion and f r e i g h t r a t e s a r e of g rea t impor t ance f o r the f u t u r e development 
of the indus t ry . 

MINING OF TALC 
Talc deposi ts in South A u s t r a l i a a re developed by means of quar r i e s a n d 

unde rg round workings , the m a n n e r of these being dependen t on the i r shape , 
the qua l i ty of n e a r - s u r f a c e talc, a n d the charac te r of the t e r r a in . Because of 
the small o u t p u t s f r o m these work ings cap i t a l expend i tu re on min ing p l a n t and 
on development work has no t been just if ied. P r o d u c e r s now find t ha t they 
a r e unab le to s u p p l y the considerable demands of consumers, a n d the in t roduc t ion 
of more effective min ing methods is essential to f u t u r e development of the 
indus t ry . 

The deposi ts a t Gumeracha a r e s i tua ted in hil ly count ry and a re worked chiefly 
f r o m s h a f t s and adi ts a t var ious levels. As i t is cus tomary to find the nea r -
s u r f a c e ta lc s ta ined wi th i ron, i t is usual to find the s topes of o u t c r o p p i n g 
deposi ts beg inn ing a t 30 f t . to 40 f t . below sur face . These s topes a r e small and 
ex t remely i r r egu la r wi th no semblance of design as p a r t of a p e r m a n e n t mine 
s t ruc tu re . I n most cases they have no common level and mere ly fol low the ta lc 
as i t p inches a n d swells, both ver t ical ly and hor izonta l ly . The s topes a re k e p t 
open b y p i l la rs which a r e o f t e n composed of huge masses of schist a n d quar tz i te , 
weighing m a n y tons, l e f t in the talc a n d too costly to s h i f t . W h e n worked out , 
a n abandoned s tope o f t e n becomes a t rave l l ing way to the work ing f aces f a r t h e r 
ahead or below, where the ta lc is bagged and carr ied, or wheeled in a b a r r o w , 
to the su r face . The presence of these masses or boulders of h a r d rock in the 
s o f t ta lc mus t a lways be largely responsible f o r i r r egu la r - shaped s topes, bu t i t 
is no reason to neglect the provis ion of level hau lage w a y s a n d vert ical s h a f t s 
f o r easy hand l ing of ta lc or mullock. The resul ts of the geological s tudy of the 
n a t u r e of these deposi ts should assist deve lopment a long more sys temat ic lines. 

A t T u m b y B a y the same min ing methods as a t Gumeracha have been employed, 
except t h a t the g r o u n d is s o f t and does n o t need explosives. A l a rge n u m b e r 
of small shallow sha f t s , r a re ly more t h a n 30 f t . to 40 f t . deep, occur a long the 
ou tc rop , and those be ing worked a r e equ ipped wi th windlasses. A t v a r y i n g 
shallow depths , levels f o r s top ing a re commenced in which the ta lc is dislodged 
f r o m the back or the floor wi th a p i c k ; t h a t f o r m a r k e t is bagged a n d the 
waste ei ther cast aside in the level or hauled to s u r f a c e and dumped . These 
s topes a re exceedingly small a n d ra re ly accommodate more t h a n two men. They 
genera l ly collapse in a re la t ively shor t t ime because of t he pu lve ru l en t n a t u r e 
of the talc. Because of this , also, they r a r e ly extend more t h a n 4 0 f t . or 5 0 f t . 
f r o m the s h a f t and , the re fore , to f u l l y exploi t the depos i t by this method a series 
of s h a f t s has to be sunk. H e n c e the l a rge n u m b e r of s h a f t s in a ve ry small 
a rea . This method of min ing mus t eventual ly be succeeded by the development 
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of the deeper ta le f r o m crosscuts a n d drives on a series of levels f r o m a ver t ica l 
s h a f t , or possibly, in the first place, by q u a r r y i n g opera t ions designed to salvage 
t h a t which has been l e f t in a n d a d j a c e n t to the sha l low-shaf t work ings and 
nea r the su r face . A s nea r ly all the known shallow g round has been worked, 
a choice mus t be made in the nex t f e w years , pa r t i cu l a r ly if it is to be exploited 
on a much la rger scale. 

The F l i n d e r s R a n g e deposi ts a r e being worked by open cuts, o r d i n a r y q u a r r y i n g 
methods being used. The talc is massive and requi res blast ing. Reserves of 
shal low talc a r e large . 

The min ing of soaps tone is confined to open q u a r r y work. The soapstone is 
cut f r o m the walls of the q u a r r y — i n t o rough blocks—by toothed steel saws, and 
the rough blocks a re l i f t ed on to motor t rucks f o r dispatch to consumers. 

MILLING OF TALC 
The talc is usual ly g raded a t the mine, be fo re t r a n s p o r t to the mill. The g r a d e 

m a y be improved by s imple hand- so r t ing wi th re jec t ion of coarse impur i t ies . 
L ime or c lay skins on the cleavage su r f aces m a y be removed by brushing , if 
the r e su l t an t p roduc t is up -g raded enough to p a y f o r the increased costs. 

T r a n s p o r t of ta le f r o m the mines to the g r i nd ing mills is e i ther in t r u c k lots, 
o r in bags holding a p p r o x i m a t e l y l c w t . Bags a re sometimes necessary with 
h igh-grade ma te r i a l to p r even t contamina t ion wi th dir t , soot, etc., in t r ans i t . 
S t o r a g e a t the mills is best done in s e p a r a t e bags u n d e r cover. M a n y mills still 
use s tockpiles on the g r o u n d in an open ya rd . This method mus t lead to ei ther 
losses of ta le or admix tu re , wi th impur i t ies . 

Three types of mill a re avai lable in Aus t r a l i an p l an t s g r i nd ing non-metal l ic 
m i n e r a l s : 

1. Hammer mill. 
2. Boiler mill. 
3. Ball mill. 

The la t te r two a re h igh-capac i ty mills, so tha t ta lc is usual ly t r ea t ed in h a m m e r 
mills. E v e n these a re o f t e n used only in te rmi t t en t ly , r equ i r ing ca r e fu l c leaning 
with each change of ma te r i a l t rea ted . 

The ta lc is spal led and f e d by h a n d to a small jaw^crusher , which reduces the 
mate r ia l to a p p r o x i m a t e l y l i n . in d iameter . This p r o d u c t is f e d b y hand to the 
h o p p e r of the pu lver iz ing uni t . The h a m m e r mill may have a f a n inco rpora t ed 
in i ts design, or may have aux i l i a ry d r a f t , to remove the g r o u n d p r o d u c t to a 
s e p a r a t i n g cyclone. The collected powder is bagged by hand . The excess a i r is 
vented th rough flannel bags to p r even t fine dus t being exhaus ted to the a tmosphere . 
All sections of the p l a n t where dus t ing occurs with the hand l ing of the talc should 
be serviced wi th suct ion hoods to minimize the dus t haza rd . 

I t is difficult f o r mil lers to ma in ta in a close control of the g round p r o d u c t when 
small lots only—of va ry ing compos i t ion—are avai lable f r o m the mines. 



TALC A N D SOAPSTONE PRODUCTION IN SOUTH AUSTRALIA 

Year 

1905. . 
1906. . 
1907. . 
1908. . 
1909. . 
1910. . 
1911. . 
1912. . 
1913. . 
1914. . 
1915. . 
1916. . 
1917. . 
1918. . 
1919. . 
1920. . 
1921. . 
1922. . 
1923. . 
1924. . 
1925. . 
1926. . 
1927. . 
1928. . 
1929. . 
1930. . 
1931. . 
1932. . 
1933. . 
1934. . 
1935. . 
1936. . 
1937. . 
1938. . 
1939 . . 
1940. . 
1941. . 
1942. . 
1943. . 
1944. . 
1945. . 
1946. . 
1947. . 
1948. . 
1949. . 

TALO 

Hundred 
Yaranyacka 

Tons. 

40 
100 
110 
80 

103 

235 
224 

98 
108 
118 
118 
125 
152 
251 
319 
131 
229 
155 
143 
173 
159 
198 
159 
145 
188 
175 
179 
197 
470 
479 
682 
495 
414 
608 
618 
520 
682 

Total . I 9,380 43,102 27,243 

100 
200 
500 
340 

309 

453 
785 
714 
560 
845 
119 
750 
912 

1,443 
1,515 

557 
916 
465 
500 
444 
797 
905 
675 
621 
797 
726 
763 
837 

1,973 
2,113 
2,672 
2,977 
1,761 
2,892 
2,934 
2,861 
4,371 

Hundred 
Talunga 

Tons. 

120 
237 
454 
463 
382 
488 
333 
392 
393 
356 
550 
740 

2,076 
1,785 
2,447 
3,016 
2,365 
2,565 
2,567 
2,229 
3,285 

225 
419 
,589 
804 
682 
853 
658 
858 
843 
899 
,107 
,829 
,076 
,176 
,318 
,352 
923 
964 
,721 
,319 
911 

Hundred 
Barossa 

Hundred 
Para Wirra 

Tons. 

56 160 

358 i 1,532 

Tons. 

Mt. Fitton 

Tons. 

20 
49 

27 
361 

. 967 
940 

2,073 

102 
3,328 
9,283 
9,417 

20,138 

Total for Year 

Tons. 

40 
100 
110 
80 

103 

235 
224 

98 
108 
118 
118 
125 
152 
251 
319 
131 
349 
392 
597 
636 
541 
686 
492 
537 
581 
531 
729 
937 

2,546 
2,264 
3,129 
3,567 
2,806 
3,538 
4,156 
3,689 
6,398 

100 
200 
500 
340 

309 

453 
785 
714 
560 
845 
119 
750 
912 

1,443 
1,515 

557 
1,141 

884 
2,089 
1,248 
1,479 
1,758 
1,333 
1,479 
1,640 
1,625 
1,870 
2,666 
8,049 
8,289 
9,990 

13,489 
10,786 
15,204 
22,987 
23,597 
43,952 

SOAPSTONE (STEATITE) 

Hundred Hundred Hundred Total for Year 
Talunga Onkaparinga Minbrie 

Tons. £ Tons. £ Tons. £ Tons. £ 
50 85 — — — — 50 85 

50 65 — — — — 50 65 

100 121 100 121 
90 116 — — — — 90 116 

120 100 120 100 
50 64 

— — — — 

50 64 

75 150 
— — — — 

75 150 
40 80 — — — — 40 80 

100 100 — — — 100 100 
150 150 — — 150 150 
150 225 — — — 150 225 
300 300 — — — 300 300 
200 250 — . .— 200 250 
200 250 — — — 200 250 
300 375 — — — 300 375 
300 450 — — — 300 450 
500 750 — — — 500 750 
400 600 — — 15 45 415 645 
406 609 — — — — 406 609 
207 311 — — — — 207 311 
311 488 107 368 — — 418 856 
112 273 724 2,209 — — 836 2 ,482 
220 428 491 1 ,274 — — 711 1 ,702 
231 462 216 566 — — 447 1 ,028 
310 552 140 368 — — 450 920 
390 780 5 10 — — 395 790 
251 528 171 342 — — 422 8 7 0 
262 574 106 212 — — 368 786 
301 657 90 135 — — 391 792 
258 473 120 180 — — 378 653 
164 253 108 162 — — 272 415 

27 67 127 76 — — 154 143 
46 177 255 510 — — 301 687 
19 33 164 9 8 — — 183 131 
30 30 100 100 — — 130 130 

— — 304 792 — — 304 792 
60 136 119 315 — — 185 451 

177 203 6 8 178 — 245 381 j 

GRAND TOTAL 

Tons. 
50 

50 

100 
130 
100 
230 
130 

103 

310 
264 
198 
258 
268 
418 
325 
352 
551 
619 
631 
764 
798 
804 

1,054 
1,377 
1,397 

939 
987 
976 
953 

1,097 
1,328 
2,924 
2,536 
3,283 
3,868 
2,989 
3,668 
4,460 
3,874 
6,643 

85 

65 

121 
216 
200 
600 
404 

309 

603 
865 
814 
710 

1,070 
419 

1,000 
1,162 
1,818 
1,965 
1,307 
1,786 
1,493 
2,400 
2,104 
3,961 
3,460 
2,361 
2,399 
2,430 
2,495 
2,656 
3,458 
8,702 
8,704 

10,133 
14,176 
10,917 
15,334 
23,779 
24,048 
44,333 

J,526 I 414 I 1,692 69 14,368 | 42,268 41,413 185,657 6,963 11,265 I 3,415 ! 7,895 , 
I I I 

15 45 j 10,393 19,205 j 51,806 \ 204,862 
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PART II 

GUMERACHA DISTRICT 

Chapter 1 

T H E G U M E R A C H A T A L C D E P O S I T S 

BY 

S . B . D I C K I N S O N , M . S C . (DIRECTOR OP M I N E S AND G O V E R N M E N T GEOLOGIST) 

AND 

A . W . G . W H I T T L E , M . S C . (PETROLOGIST) 

INTRODUCTION 
The Gumeracha dis t r ic t was first worked f o r ta lc in 1900, bu t min ing ope ra -

t ions were small and in t e rmi t t en t unt i l 1918 when it became a consis tent 
p roducer . The cur ta i lment of i m p o r t s of I n d i a n talc du r ing the second W o r l d -
W a r mater ia l ly f u r t h e r increased the o u t p u t which has been susta ined in pos t -
w a r years . 

Min ing is conducted by two c o m p a n i e s — J o h n D u n s t a n & Son ( W . A . ) Ltd . , 
and The Tor rens Min ing Co. Ltd .—which sell chiefly to minera l -mi l l ing firms in 
the eas tern States . The p r o d u c t finds a wide marke t f o r general indus t r ia l use, 
bu t is no t sui table f o r special purposes , such as h igh-grade cosmetics, because of 
the presence of albite f e l s p a r in the or ig inal ore, which cannot be ent i re ly 
el iminated by hand-p ick ing min ing methods as prac t i sed a t p resen t . Beneficia-
t ion will undoubted ly improve the p roduc t , bu t considerable exper imenta l work 
is necessary be fo re its advan tages can be accura te ly assessed. 

This r e p o r t covers the more essential f e a t u r e s of the geology of the deposi ts 
a n d their l ikely reserves. 

LOCATION 
The main deposi ts a re located in an a rea of abou t 12 sq. miles in the hundred 

of Ta lunga , nea r Gumeracha , a small t ownsh ip 25 miles f r o m Adela ide in the 
hea r t of the M o u n t L o f t y Range . Isola ted occurrences a r e known as f a r nor th 
as Lyndoch, and n e a r Lobethal in the south, abou t 21 miles a p a r t , and a re 
genera l ly al igned with the ou tc rops of a f avourab le f o r m a t i o n of schists con-
t a in ing th in in te rbedded quar tz i tes . ' 

The t o p o g r a p h y in the immedia te vicini ty of Gumeracha is somewhat ma tu re , 
w i th the ta le mines and p rospec t s chiefly confined to hilly quar tz i t e count ry 
which is th ickly wooded and which s tands out in s t rong con t ras t to the su r round-
ing valleys intensely cul t ivated and s u p p o r t i n g a r ich f a r m i n g communi ty . The 
average annua l r a i n f a l l is 32-99in., most ly f a l l i ng in the win te r and ear ly 
sp r ing . I t is sufficiently high to discourage open-cu t min ing opera t ions . S t r eams 
flow in te rmi t ten t ly , and only dur ing the r a iny season. T h e summers a r e dry , 
wi thout excessive h e a t ; whilst win te r t e m p e r a t u r e s ra re ly f a j l below 3 9 ° F . 

HISTORY AND PRODUCTION 
Accord ing to the Record of Mines*, m i n i n g commenced abou t 1900 on section 

6265, hund red of Ta lunga (Sk inne r ' s c la im) . A mine ra l claim was t aken ou t 
by M, H . Mead who produced chiefly soaps tone f o r f u r n a c e l inings and other 
r e f r a c t o r y uses. H e worked the deposi ts on a small scale f o r a p p r o x i m a t e l y 
30 years . 

* Record of the Mimes of South Aust., 4th ed., p. 355, 1908. 
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I n 1905, this claim is r e p o r t e d to have p roduced "5 tons of f r e n c h chalk and 
277 cut s tones" valued a t £85. (Mining Review 4, p . 18, 1905.) I n 1907, 50 
tons of soaps tone were p r o d u c e d ; in 1909, 100 t o n s ; a n d in .1910 , 90 tons. Then 
p roduc t ion lapsed f o r a year , bu t f o r the next two years , 1912 and 1913, 120 
tons and 50 tons of soaps tone were sold, respect ively. O u t p u t aga in ceased bu t 
recommenced in 1918, since when i t has been continuous. The recorded o u t p u t 
to 1932 is 5,373 tons of soaps tone a t an average pr ice of app rox ima te ly £ 1 to 
£1 10s. p e r ton. 

F r o m 1933-1941, G. F o r r e s t e r carr ied on small-scale p roduc t ion in the same 
area . H e p roduced 1,717 tons of block ta lc valued a t £2 p e r ton. 

J o h n D u n s t a n & Son ( W . A . ) L td . took out leases in 1941, over the a r ea 
previously held by G. Fo r r e s t e r , and commenced opera t ions on a much l a rge r 
scale. The Tor rens Min ing Co. L td . began in 1929, and has worked cont inuously 
since t ha t date . I t s act ivi t ies have extended over sections 245, 6212-4, 6264, 
6266, 6267, 6268, and 6329, h u n d r e d of Ta lunga . Both these companies con-
cent ra ted on ta lc f o r use in the g round f o r m in the rubbe r , pa in t , textile, 
cosmetic, ceramic, and o ther indust r ies . 

The to ta l recorded p roduc t ion is set out in the fo l lowing t a b l e : 

PRODUCTION OF TALC AND SOAPSTONE—HUNDBED OF TALTJNGA 

Year 

1905 
1906-
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 

Quantity 

tons 
50 

50 

100 
90 

120 
50 

No pro 

75 
40 

100 
150 
150 
300 
200 
200 
300 

Value 

£ 
85 

, 65 

121 
116 

100 
64 

duction 

150 
80 

100 
150 
225 
300 
250 
250 
375 

Year 

1927 . . . . 
1928 . . . . 
1929 . . . . 
1930 
1931 . . . . 
1932 . . . . 
1933 . . . . 
1934 . . . . 
1935 . . . . 
1936 . . . . 
1937 . . . . 
1938. . . . 
1939 . . . . 
1940 . . . . 
1941 . . . . 
1942 . . . . 
1943 . . . . 
1944 . . . . 
1945 . . . . 
1946 . . . . 
1947 . . . . 
1948 . . . . 

Total 

Quantity I Value 

tons 
300 
500 
520 
643 
661 
774 
494 
708 
564 
702 
783 
607 
812 

1,041 
2,334 
1,949 
2,474 
3,062 
2,384 
2,595 
2,567 
2,295 

£ 
450 
750 
825 

1,028 
1,900 
1,292 

955 
1,281 
1,120 
1,410 
1,623 
1,427 
1,681 
2,486 
6,549 
6,429 
7,385 

10,529 
8,956 
8,994' 

10,721 
11,455 

30,744 £91,677 

SCOPE OF INVESTIGATION 
This r e p o r t is p r imar i l y concerned with the geological f e a t u r e s of the Gumeracha 

talc deposi ts . The invest igat ions have extended over a per iod of th ree yea r s 
and several geologists of the Su rvey have pa r t i c ipa t ed , inc luding E . B roadhu r s t , 
f o r m e r Ass i s t an t Government Geologist, and S. B. Dickinson, Government 
Geologist, who in i t ia ted the detailed geological examina t ion of the mines, and 
A. W . G. Whi t t l e , Pet ro logis t , who subsequent ly carr ied out the comprehensive 
regional survey of the dis t r ic t ( a p p r o x i m a t e l y 65 sq. miles in a rea ) and com-
pleted the detailed s tudy of deposi ts wi th the Government Geologist. Dr . F . L. 
Stillwell and D r . A. B. E d w a r d s of the C.S . I .R. made a detailed petrological 
and mine rag raph i c s tudy of the talc minera l s and associated rock types , and 
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the i r findings p roved invaluable f o r the field m a p p i n g . Thei r r e p o r t is publ ished 
in this Bulletin. Acknowledgment is also made of the he lp a f fo rded by the 
producers , and L. L. Mansfield, I n spec to r of Mines, in the course of mine 
inspect ions . 

The Geological Survey had done no sys temat ic m a p p i n g in t he Gumeracha 
dis t r ic t previously , and the only i n f o r m a t i o n avai lable is a r e p o r t by P . S. 
Hossfe ld .* This r e p o r t being pu re ly of a genera l reconnaissance charac ter , 
p rovided li t t le i n fo rma t ion . I t was t h e r e f o r e necessary to s t a r t a t the beg inn ing 
a n d make detai led m a p s of the deposi ts as well as a genera l m a p of the dis tr ict . 
Addi t iona l petrological work was car r ied out by one of the wr i te rs ( W h i t t l e ) 
chiefly in connexion with the regional geological work. 

PLANS 
The fo l lowing p l a n s i l lus t ra te this r e p o r t : 

' (1) Local i ty p l an showing talc occurrences. 
(2) Regional geological p l a n and section of the G u m e r a c h a dis t r ic t . 
(3 ) Detai led geological p l a n of the Gumeracha ta lc-mining area . 
(4) U n d e r g r o u n d and s u r f a c e work ing of the mine of J o h n D u n s t a n & 

Son ( W . A . ) Ltd . 
(5 ) E a s t e r n end of open cut in the sou thern work ings of the p r o p e r t y of 

J o h n D u n s t a n & Son ( W . A . ) L td . Showing deta i l of contac t of 
ta lc aga ins t schist. 

(6 ) U n d e r g r o u n d work ings of the mine of The Tor rens Min ing Co. L td . 

GENERAL GEOLOGY 
Introduction 

The rocks exposed in the Gumeracha dis t r ic t comprise chiefly schists of 
va r iab le composi t ion derived f r o m shales and sandstones , with th in quar tz i tcs 
in te rbedded wi th the schists. I n all p robab i l i ty they belong to the Adela ide 
Series of la te p r e - C a m b r i a n age, and rest u n c o n f o r m a b l y on gneisses and schists 
of an older p r e - C a m b r i a n f o r m a t i o n locally known as the Baross i an Series. The 
p reva i l ing s t r ike is n o r t h wi th d ips to the east, excluding those in the talc-
b e a r i n g a rea where the beds a re heavily fo lded, bu t nevertheless f o r m p a r t 
of the nor th-south regional schist belt. The schistosity is very var iable in s t r ike 
and d i p and was p r o b a b l y developed b y the d ias t roph ic fo rces which caused the 
c rumpl ing of the beds, i t being much accentua ted in the closely fo lded areas . 

Numerous small pegmat i t e in t rus ives a re scat tered over the whole area , the 
l a rges t abou t 150f t . in wid th and 1 mile in length. These seem to be re la ted to 
the ta lc minera l iza t ion which was la rge ly affected by metasomat ic processes 
resu l t ing in a widespread development of rock r ich in albite f e l spa r , the host rock 
of the ta lc occurrences. A m a j o r T e r t i a r y f a u l t , s t r ik ing N.35°E . , in t he no r th -
west corner of t he a rea is the only evidence of m a j o r d ias t roph i sm a f t e r the ore 
depos i t ion . These geological f e a t u r e s a re described in g rea te r detai l in the 
fo l lowing sections of the r e p o r t . 

Rock Sequence 
The rock sequence f r o m the oldest to the younges t is as fol lows (see p l a t e 

H ) t : < 
(1) A series of gneisses and schists—Known locally as the Baross ian Ser ies 

of p r e - C a m b r i a n age (no t shown on the m a p ) o u t c r o p p i n g to the 
west of the area . The thickness is no t known, bu t is considerable. 
A f a u l t s epa ra t e s the Baross ian Series f r o m (2) which does not 
include t h e basal beds of the Adela ide Series. 

* Hossfeld, P. S., Boy. Soc. South Aust. Trans. 59, pp. 16-67, " T h e Geology, of 
Part of the North Mount Lofty Ranges", 1935. 

t Plates I I and I I I in pocket at end of Bulletin. 



22 

(2) A formation of brown slates and phyllites—The upper port ion is shown 
on the extreme western p a r t of the map. Slates and phyllites are 
the dominant rock types, and although the oldest sediments in the 
area they exhibit very low-grade metamorphism. 

(3) A quartzite and micaceous-hematite schist formation—About 100ft . thick. 
The quartzi te bed underlies the hematite schist which serves as a 
usefu l "marke r" bed. 

(4) A formation of dark-coloured bi-mica schists—About 3,000ft.-4,000ft. 
in thickness; the most common rock-type being a iine-textured brown 
muscovite-biotite schist which changes f rom a grey-blue slate accord-
ing to the degree of metamorphism. In the vicinity of pegmati te 
dykes the schists exhibit a knot ty "texture due to the development of 
cordierite (altered to p in i te ) . The most characteristic f ea tu re of th i s 
format ion is the presence of calc-silicate rocks ranging in thickness 
f r o m a few inches, to 20ft . They exhibit a medium- to coarse-grained 
texture. The principal constituent minerals are actinolite, a n d / o r 
tremolite with epidote, albite, microcline, perthite, and scapolite. 
Sphene is abundan t in some specimens. These calc-silicate rocks could 
be regarded as sills of basic igneous rock, but it is more likely that 
they were derived by metasomatism f rom impure magnesian lime-
stones interbedded with the schists. Their high sodic content, manifes t 
by the abundance in them of scapolite and albite, could well be 
at t r ibuted to selective metasomatic alteration of calcareous port ions of ' 
this schist format ion by soda-bearing solutions. As suggested by 
Stillwell, metasomatic alteration of schists and quartzites by soda-
rich solutions is probably responsible fo r the genesis of the Gumeracha 
talc, and it is not unlikely these solutions were more widely distributed 
to produce these calc-silicate rocks as well. Penological fea tures 
of these rocks are incorporated in this repor t . Another fea tu re 
of this format ion is the widespread occurrence therein of pegmati te 
dykes generally elongated parallel to the bedding. Some of these 
pegmati tes have outcrops nearly 1 mile in length and up to 150ft . 
in width, and one large dyke is worked by South Austra l ian Silicates 
Co. P ty . Ltd.—14 miles E. of Gumeracha—as a source of fe lspar . 

(5) The talc-bearing schist-quartzite formation—The total thickness is 
difficult to determine because of folding and variation of thickness 
along the strike, but it is possibly of the order of 4,000ft. I t is in 
these beds tha t the most intense folding of the area is to be found, 
and also most of the talc orebodies. The rock types can be grouped 
in different ways, but a - convenient grouping f o r s t ructural and 
economic purposes is to consider it as composed of three components, 
a quartzi te horizon in the west—thickness varying up to 250ft .— 
( 5 a ) ; overlain by brown muscovite-biotite schist—the thickness of 
which varies between extreme l imits—(5b) ; which in turn is overlain 
by a group of quartzi tes or fe lspathie sandstone beds with inter-
bedded bi-mica schists (5c). The greater p a r t of the talc is located' 
in the uppermost g roup of this format ion, but a few occurrences are 
present in the western quartzi te (5a) , and also in the underlying 
schist format ion (4) already described, and in proximity to the soda-
rich calc-silicate bands in the schists ad jacent to the western quartz-
ite (5a) . The impor tan t p a r t played by the thin schist beds amongst 
the quartzites has been pointed out by Stillwell, namely, " that the 
magnesium content of the biotite of these .schists is responsible for -
the talc". I n places actinolite is found in the schist-quartzite fo rma-
tion, generally near the talc bodies, but the occurrences of this 
mineral are rare. A few small pegmatites have been found in the 
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format ion north of the Gumeracha-Birdwood road. The quartzi te 
beds outcrop reasonably well, par t icular ly the fine-grained massive 
non-felspathic types, and provide the key to the broad s t ructure of 
the area. I n the vicinity of talc bodies where local fo ld ing and 
fau l t ing is generally intense, the quartzi te either changes into a fine 
even-grained, saccharoidal albite rock which usually preserves the 
bedding s tructures of the original quartzi te, or into masses of fine-
grained talc and albite which contain r emnan t boulders of quartzi te 
in a more or less altered state lying in random orientation. These 
altered rock-types in many places have more pronounced outcrops 
than the original quar tz i te ; in others they have been kaolinized to 
f o r m a curious sof t "c lay" rock commonly found round the talc 
bodies with the original bedding of the quartzi te well preserved in it. 
The schists which are interbedded with the quartzites seldom outcrop 
except in road cutt ings and prospect ing workings, and their variat ion 
in f o rm and composition could not be studied in detail. Stillwell and 
Edwards have described in detail the occurrences in the mine work-
ings. I t may be noted f rom the p lan that the eastern, or younger 
group, of quartzites and schists (5c) has undergone much greater 
deformat ion than the western quartzite, whilst the schists in between 
have been thinned and thickened enormously as a result of the much 
greater movement of the one relative to the other. 

(6) A formation of schists and dark-coloured micaceous quartzites—This 
format ion overlies the talc-bearing schist-quartzite format ion . Out-
crops are poor, but where exposed the quartzites contain abundant 
actinolite, and in a few places are rich in sea polite. The schists are 
substantially similar to those in (5) but, in general, the format ion has 
no distinguishing fea tures s trat igraphical ly. The thickness is 
estimated at 900ft . 

(7) A formation of schists and calc-silicate rocks—This format ion is similar 
to (4) and is distinctive in tha t it contains numerous bands of cnlc-
silicate rock rang ing u p to 30f t . in thickness and fo rming strong 
outcrops. The calc-silicate rock is typically fine-grained, with the 
constituent minerals scapolite, diopside, actinolite, and epidote ar ranged 
in bands—individually rich in one or other of these minerals— 
parallel to the bedding and producing a marked banded appearance. 
As in the case of similar beds lower in the series, the calc-silicate 
bands are presumed to have been argillaceous magnesian limestone 
interbedded with the schists. The richness in scapolite indicates 
considerable metasomatism along favourable beds. Diopside is common 
also in this format ion, whereas it was not developed so abundant ly 
in the underlying calc-silicate beds contained in (4) above. The 
thickness is estimated at 2,000ft. 

(8) A formation of schists and strong quartzites—This sequence is notable 
fo r the presence of a thick quar tz i te horizon-—500ft. maximum width— 
the uppermos t horizon locally re fe r red to as the "Birdwood" quartzite. 
The format ion also contains several minor quartzites and minor bands 
of calc-silicate rock interbedded with mica schists. Garnet i fe rous 
quartz-mica schist has been noted in several places. The garnets are 
quite small and in the process of development. I n addition, incipient 
growths of sillimanite occur within the micas of these schists. These 
observations are impor tan t in tha t they indicate tha t the country-
rock has reached an advanced degree of regional metamorphism. 
Mount Torrens and the prominent hills nor th of Birdwood are all 
composed of the "Birdwood" quartzite. F a r t h e r north this quartzi te 
becomes distinctly fe lspathic and kaolinized, and in places replaced 
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to f o r m a clay rook with in te rbedded shales also kaolinized. The 
la t t e r a r e worked extensively, abou t 3 miles N. of Bi rdwood, f o r a 
h igh-grade china-clay. The change f r o m fe l spa th ic quar tz i t e or 
sands tone to clay can be clearly t raced in some of t he u n d e r g r o u n d 
workings . A s t rong development of pegmat i t e dykes also occurs in 
this sehis t -quar tz i te f o r m a t i o n near Birdwood. . I t s total thickness 
is es t imated a t abou t 2 ,100f t . 

(9) A formation of mica schist and quartz-mica schist—This is of very 
considerable thickness extending eas tward f r o m Birdwood, a n d 
a l though s t r a t ig raph ica l ly younger , general ly speak ing it exhibi ts a 
much more advanced s tage of me tamorph i sm than tha t of the older 
rocks a l ready described. The schists a re coarser in tex ture , with 
a b u n d a n t f laky biotite, and the more arenaceous types comprise chiefly 
quar tz-mica schists. 

B road ly speak ing the sediments in the Gumeracha a rea embrace a p p r o x i m a t e l y 
18,000ft . of p r e - C a m b r i a n Adelaide Series r a n g i n g f r o m the real basal beds 
th rough the dist inct ive hemat i te schis t -quar tz i te f o r m a t i o n to the Bi rdwood 
quar tz i t e which may be the equivalent of the "Thick Quar t z i t e " of the Adela ide 
Ser ies . . 

The. rocks have been so al tered by me tamorph i sm and metasomat ic influences 
t ha t f e w of the i r or iginal character is t ics have been preserved. 

Structure 
The domina t ing s t ruc tu ra l f e a t u r e of the a r ea is the intense fo ld ing in schists 

and quar tz i tes ly ing between relat ively und i s tu rbed beds which have a general 
nor th-south s t r ike and easter ly dip . The talc mineral izat ion is confined "to this 
c rumpled and b roken zone. There a re no m a j o r folds , and the in tense de fo rma-
t ion in this zone p resumab ly resul ted f r o m forces ac t ing para l le l to the bedding 
p lanes in the sediments , wi th plas t ic flow in the schists largely b r ing ing abou t 
the relief of stress. This s t ruc tu re is thus, b road ly speaking , a series of asym-
metr ical folds , some over tu rned to the south and south-west , s t r ik ing nor th and 
south to nor thwest -southeas t and p i tch ing to the south-east . These fo lds a r e 
broken by numerous f r a c t u r e s and fissures, with the most p ronounced f a u l t i n g 
evident a long lines para l le l to the fold axes. This s t ruc tu re is limited a b r u p t l y 
on the west by the micaceous-hemati te schist f o r m a t i o n and beds under ly ing it. 
These and the Baross ian f o r m a t i o n a p p e a r to have p layed the p a r t of a 'con-
solidated mass aga ins t which a res is tance to the re la t ive movement of the beds 
in the ta lc-bear ing f o r m a t i o n (5) developed. To the east i t dies out g radua l ly 
in the over ly ing less-folded rocks. The general shape of the fo ld ing would 
requi re a souther ly movement of the more easter ly beds re la t ive to those in tlie 
west, as p a r t of the main regional movement which p resumab ly raised, folded, 
and dis tor ted the p r e - C a m b r i a n Adelaide Series a long the axis of the Mount 
L o f t y R a n g e p r i o r to igneous ac t iv i ty and the ingress of the minera l iz ing 
solutions which f o r m e d the talc and other re la ted minera l deposits . The 
nor theas t -southwest block f a u l t s of the M o u n t L o f t y R a n g e a re dis t inct ly la te r 
( T e r t i a r y ) t h a n minera l iza t ion and, genera l ly speaking , s tep down the sediments 
to the west. One of these f a u l t s cuts across the nor th-western p a r t of the a rea . 

Metamorphism 
The rocks of the Gumeracha dis t r ic t have a l ready been described in detail , 

bu t re levant petrological f e a t u r e s a re noted in a p p r o p r i a t e places in this report^ 
t hus a brief comment is only necessary on the me tamorph ie processes. The 
f o r m a t i o n of the ta lc is considered sepa ra t e ly unde r "Ta lc Depos i t s" . 

The rocks of the Gumeracha distr ict have been extensively metamorphosed , 
first by the regional me tamorph i sm du r ing f o l d i n g ; secondly by the igneous 
act ivi ty asspciated with the f o r m a t i o n of the P a l m e r g ran i t e mass with i t s 
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associated contact metamorphic rocks occurring noticeably east of the Birdwood / 
quar tz i te and forming an aureole round the Palmer grani te i tself ; and thirdly by 
the hydrothermal solutions which produced the albitized zones, the talc orebodies, 
and the numerous pegmati te dykes and sills emplaced a t a late stage of the 
igneous activity. 

The Palmer grani te is a somewhat gneissic granit ic rock not unduly rich in 
:sodic fe lspar , but generally containing an appreciable amount of oligoclase 
(composition Ab 7 5 An 2 . -Ab 8 0 An/ , 0 ) in addition to an abundance of potash fe l spar . 
The mode of field occurrence of this granite, and its pe t rographic fea tures , 
s trongly suggest tha t it has been formed in situ by t ransformat ion of local rocks 
under grani t iz ing influences. This change is clearly exhibited in the field by 
the complete gradat ion f rom massive granite, through gneissic granite, biotite-
rich injection gneiss, to mica-quartz gneiss and schist. I t is probable therefore, 
t h a t the same large-scale felspathizat ion responsible f o r the product ion of the 
Pa lmer granite, and its less completely granit ized aureole rocks, has been the 
m a j o r fac tor in the development, metasomatically, of albite and talc at 
'Gumeracha. 

Examinat ion of numerous pegmati tes occurring in the country between Gum-
eracha and Pa lmer shows that most of them contain some sodic fe l spar of 
•composition ranging f r o m A b 9 5 A n . - A b 8 5 A n 1 5 . I n some cases there is a local 
dominance of plagioclase over potash fe l spar . 

There is little doubt that metasomatism is regional in character. The wide-
sp read occurrence of calc-silicate rocks (o f ten rich in albite or scapolite) as f a r 
eas t at Tungkillo demonstrates the extent of felspathizat ion. The sodic fe l spars 
a p p e a r to have migrated fa r thes t f r o m the centre of alteration at Pa lmer to 
produce, f o r instance, the albitized and scapolitized rocks in the Gumeracha-
Birdwood district, while the potash fe l spars deposited in the central port ion of 
the aureole f o rm granite , grani te gneiss, and inject ion gneiss. 

A f u r t h e r development of this conception may provide an al ternate explana-
t ion of the origin of the talc orebodies. Stillwell has suggested that the 
magnesium content of the biotite of the schists in the Gumeracha area provides 
the necessary magnesium requirement f o r the format ion of talc in favourable 
s t ructures . When the large quant i ty of talc, however, is considered in relation 
to the small magnesium content of the schists, it seems necessary that there 
must have been considerable introduction of magnesia f r o m an outside source to 
provide sufficient f o r the format ion of the large occurrences of talc. Still-
well postulates the migrat ion of soda-rich hydrothermal solutions into the local 
favourable structures, but it seems most probable tha t magnesia has also been 
carried in by these solutions. In other words, the igneous activity producing 
the Palmer grani te caused the more basic elements such as calcium, magnesium, 
soda, iron, and t i tania to be expelled f r o m the central grani t ic area which 
became enriched in potash. On the other hand, the migrat ing elements enriched 
the surrounding country-rock in basic constituents. The intense local albitization 
and talc format ion at Ken ton Valley is possibly due to deposition in favourable 
s t ructures of soda and magnesia in larger amounts, while the general occurrence 
of calc-silicate rocks rich in albite or scapolite (soda) , diopside, tremolite, and 
actinolite (Ca,Mg,Fe) are possibly the result of less intense but general regional 
basification of country-rock. I n this regard it is also noteworthy tha t t i tania , 
in the form of sphene, is abundant in the calc-silicate rocks, and also of very 
common occurrence, as rutile, in the talc orebodies themselves. 

I t is suggested, therefore, tha t there has been a progressive sequence of 
events in the igneous activity causing these various changes, s ta r t ing with the 
format ion of granite, and ending with the hydrothermal al terat ion of favourable 
s t ructures and rocks with the deposition of talc. 
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Pegmatites 
Two dis t inct t y p e s of pegmat i t e occur in the dis tr ict . The more common type 

is a no rma l coarse-gra ined po ta sh - fe l spa r - r i ch t y p e usua l ly con ta in ing albi te or 
oligoclase in small amoun t . P e g m a t i t e of this k ind is pa r t i cu l a r ly a b u n d a n t in 
sills and dykes about 2 miles east of Gumeracha , in small veins a d j a c e n t to the 
ta lc-bear ing fo rmat ions , and in the vicini ty of B i rdwood and eas tward f r o m 
there t owards the P a l m e r g ran i t e . I t occurs p r inc ipa l ly in the vicini ty of local 
f a u l t s a n d the more in tense fo lds . 

Less common, bu t more s ignif icant wi th respec t to the ta lc f o r m a t i o n , is t he 
coarse-grained albi te pegmat i t e and the g r aph i c albi te- talc pegmat i t e . Excel lent 
examples a re exposed east of Lobethal in the work ings of P y r o - M e g & F e l s p a r 
€ o . ; while Stillwell recorded s imilar bu t smaller occurrences as veins amongs t 
t he Gumeracha ta lc orebodies. 

A p p a r e n t l y the f o r m e r class of pegma t i t e is direct ly re la ted to the P a l m e r 
g r a n i t e mass, while the la t te r is not a t r u e " igneous p e g m a t i t e " bu t has resul ted 
f r o m the crystal l izat ion of hyd ro the rma l t a l c - fo rming solut ions in f avou rab l e 
places. Some of the so-called "c lay rock" , pa r t i cu l a r ly t ha t which shows no 
"bedding, also belongs in this ca tegory f o r i t is a s t rongly kaolinized, weathered 
a lb i t e pegmat i t e rock. 

Talc Deposits 
The talc deposi ts of commercial value a t Gumeracha a r e p a r t s of albit ized 

masses of schists and quar tz i t e t h a t have been f o r all p rac t i ca l p u r p o s e s com-
ple te ly rep laced by talc. The magnes ian componen t of the ta lc—accord ing to 
S t i l lwel l—most p robab ly was derived f r o m the magnes ium-bear ing bioti te of 
the or ig inal schist. 

Bo th the albi te and ta lc a re f o r m e d in zones of s t rong fo ld dis tor t ion, more 
commonly in ant ic l inal crests, wi th the talc, in pa r t i cu la r , t end ing to be concen-
t r a t ed a long minor f au l t s . The ta lc orebodies a re very i r r egu la r in size and 
shape , and the presence of la rge boulders of albi te l ock or quar tz i t e make 
systemat ic min ing opera t ions difficult. 

S u r f a c e agencies caused p a r t i a l oxidat ion and kaol in izat ion ex tending to the 
p r e s e n t wa te r - t ab le abou t 20 f t . to 30f t . below the valley floors. This is p a r -
t i cu la r ly noticeable in the albitized zones where the so-called clay rock has 
"been fo rmed . Genera l ly speaking , however, the block f a u l t i n g u p l i f t in Te r t i a ry 
t imes depressed the wa te r - t ab le f a s t e r than the superficial changes could take 
place , r e su l t ing in much f r e s h talc, conta in ing p r i m a r y pyr i te , close to the 
s u r f a c e well abo.ve the water- table . 

The p r i n c i p a l minera l const i tuents of the o re a re talc ( s t ea t i t e ) , albite, apa t i t e , 
rut i le , and i ron pyr i t e , with minor amoun t s of chlori te and bioti te. The ta lc 
largely r e t a ins the fo l ia ted s t ruc tu re of the schist which it has replaced, whilst 
the l a rge and small boulders of f ine-grained albi te rock r ep resen t p a r t i a l l y 
rep laced "original rock, ei ther schist or quar tz i te . Genera l ly the schists a re 
rep laced to a g rea te r extent t h a n the quar tz i te . The m a r g i n of the deposi ts in 
most cases conforms with unrep laced quar tz i t e beds ; and, as the s t ruc tu re of 
the quar tz i t e beds general ly has some common re la t ionship to the talc occur-
rences, it is possible to design dr i l l ing p r o g r a m m e s which will indicate the 
broad l imits of ore and so provide a basis f o r more sys temat ic development 
and mining . Stillwell and E d w a r d s , have discussed the n a t u r e and origin of the 
ta lc in detail , a n d t h e r e f o r e only brief r e fe rence need be made here to the 
ou t s t and ing f e a t u r e s of the ma in deposi ts . 

John Dunstan & Son (W.A.) Limited 

The talc deposi t be ing worked b y J o h n D u n s t a n & Son ( W . A . ) L td . is the 
larges t a n d most extensively developed deposi t a t Gumeracha . I t occupies a 
sha t te red ant ic l inal fo ld in albi t ized schists and quar tz i tes . A l though the work-
ings are discont inuous i t p r o b a b l y extends in p l a n over 1 ,000f t . Locally it has 
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been worked u p to 150ft . in width and 50f t . to 100ft . in height. I t underlies 
flatly to the north, following the general dip of overlying quartzi te beds. I t s 
limits have not been determined in depth, but on s t ructural evidence one would 
expect the ore to gradual ly merge into albite rock and unaltered schist as it 
d ips away f r o m the m a j o r fold axis into relatively undisturbed beds on the 
nor thern limb of the fold. The s teep-dipping fau l t s s tr iking transversely 
through the general N W . - S E . direction of the deposit have caused local enrich-
ments along their walls, but on the other hand have subsequently aided oxidation 
processes, and it is not uncommon to find limonite staining along them and 

P l a t e V . — G u m e r a c h a T a l c D e p o s i t s — D i a g r a m m a t i c s e c t i o n of e a s t e r n e n d of o p e n c u t 
in t h e s o u t h e r n w o r k i n g s of D u n s t a n t a l c m i n e s h o w i n g d e t a i l of c o n t a c t of t a l c 

a g a i n s t s c h i s t 

permeat ing the ad jacen t rock. Because it is impossible to forecast the extent 
of the staining or the distribution of the boulders in the deposit it would be 
fu t i le to a t tempt to make any estimates of ore reserves, and in the first place 
drilling should be carried out to determine more precisely its shape and size. 
I t is possible to indicate where workable talc bodies may exist, knowing tha t 
their distribution is due to the control of deposition by intense folding and 
shat ter ing and that bulges and enriched zones tend to be localized along" well-
defined faul ts . 

There is no doubt that the deposit can produce steadily f o r many -years to 
come, but it is necessary to introduce more systematic methods of development 
and mining. 

I f a milling p lan t were erected to eliminate or reduce the albite impur i ty the 
tale which could be exploited would be considerably increased. F o r instance, 
there is an extensive bed of this type of material, namely talc with visible albite 
impur i ty of the order of 10 per cent, outcropping over an extensive a rea south 
of the present working. This mass could probably be worked to advantage if 
a suitable milling process were developed. A t present it is only worked fo r 
small amounts of soapstone used f o r fu rnace linings, etc. 
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The Torrens Mining Co. Limited, 
This company has operated a number of small sha f t s and open cuts on sections 

245 and 6268, hundred of Talunga, since 1929. The known occurrences a re 
similar in character to those of John Dunstan & Son (W.A. ) Ltd., but are not 
near ly so extensive, nor is it possible to relate them to persistent geological 
fea tures as in the case of those on the ad jo in ing proper ty . The Torrens Mining 
Co. Ltd . will undoubtedly continue to produce specially selected talc fo r many 
years, but unless a large deposit is located it is unlikely tha t any large-scale 
development will be possible. The deposits are small, and as talc—generally 
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De/.BT 49-lta. 

P l a t e V I . — G u m e r a c h a T a l c D e p o s i t s — U n d e r g r o u n d w o r k i n g s of t h e m i n e of T h e 
T o r r e n s M i n i n g C o . L t d . 

speaking—is a low-priced commodity it is unlikely tha t individual deposits will 
be worked to depths exceeding 100ft . to 150ft . On present evidence it is not 
possible to recommend any drilling or underground exploratory work which 
would material ly assist in the development of this p roper ty as a vast m a j o r i t y 
of deposits can still only be regarded as errat ic mineralized zones. However, 
it is hoped tha t by opening u p a sufficient number of these small talc lodes it 
may be possible, as a result of f u r t h e r geological studies, to relate the occurrences 
to s t ructural fea tures . I t may even be possible to indicate specific places to 
explore f o r new m a j o r talc occurrences. 
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CONCLUSION 
I t is evident f r o m the geological invest igat ions t ha t there a re numerous 

p r o m i s i n g ta lc occurrences in the Gumeracha distr ict , which have ' no t been 
worked or invest igated with sufficient thoroughness to reveal their po ten t i a l 
value. Nevertheless, in the case of those p rope r t i e s which a re be ing worked it 
is clear t ha t ore will cont inue to become available as exp lora t ion and development 
proceeds and t ha t p roduc t ion can go on f o r m a n y years . 

F u r t h e r m o r e ; there is no reason why the o u t p u t should not be substant ia l ly 
increased, and this can best be accomplished by the in t roduct ion of more sys temat ic 
min ing methods and the development of a sui table mill ing process. ( 3 0 / 5 / 4 9 . ) 
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Chapter 2 

P E T R O L O G Y O F T H E G U M E R A C H A T A L C D E P O S I T S 

BY 

F . L . STILLWELL, D . S C . 

AND 

A. B. EDWARDS, D.SC., PH .D. , D. I .C. 

(MINERAGRAPHIC INVESTIGATIONS OF THE COUNCIL FOR SCIENTIFIC 
AND INDUSTRIAL RESEARCH) 

INTRODUCTION 
This s tudy of the genesis of the ta lc deposi ts of the Gumeracha distr ict in 

Sou th Aus t r a l i a was unde r t aken a t t he reques t of the Direc tor of Mines f o r 
South Aus t ra l i a , as p a r t of the p r o g r a m m e of the M i n e r a g r a p h i c Section of the 
Counci l f o r Scientific and Indus t r i a l Research, Aus t ra l ia , to supp lemen t the 
field m a p p i n g of the deposi ts . The deposi ts a re among the largest known in 
Aus t r a l i a and provide an i m p o r t a n t p a r t of p resen t -day Aus t ra l i an ta lc p roduc t ion . 

The ta lc deposi ts a r e s i tua ted in the hund red of Ta lunga , abou t 25 miles east 
of Adelaide. They consist of a series of a p p a r e n t l y isolated bodies of talc 
occur r ing a t in te rva l s in a n a r r o w bel t—genera l ly less t han half a mile wide— 
t h a t ex tends f o r a dis tance of 4J miles in a nor the r ly direct ion f r o m section 
6213, hund red of T a l u n g a — a b o u t i2 miles south-east of K e n t o n Val ley—to 
section 6380, hund red of Ta lunga , s i tua ted abou t 3 miles nor th-eas t of Gumeracha . 
(See fig. 1.) F u r t h e r deposi ts occur a long the cont inua t ion of the belt, in the 
hundred of Barossa , about 10 miles no r th of Gumeracha . 

S C A L E OF MILES 

Fig. 1.—General locality plan of tale holdings 
1 — W a r l a n d : 2 , 4 — T o n k i n : 3 — B e r r y : S, 6 , 7, 8 , 9 — T h e T o r r e n s M i n i n g Co. L t d . : 

10, 1 1 — J o h n D u n s t a n & Son ( W . A . ) L t d . : 12, 1 3 — P o r t e r 

Outcrops are poor over much of the area, and the deposits that have been 
located occur on or n e a r the crests of r idges , though they may p rove cont inuous 
across the in te rven ing valleys. The s u r f a c e rocks a r e somewhat weathered , and 
the difficulties of m a p p i n g a re increased by the close resemblance of cer ta in 
albi te rocks t h a t a r e associated with the ta lc as p a r t of the deposits , to 
quar tz i t es tha t lie a d j a c e n t to the lodes. 
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Quar r ies have been opened in several of the bodies, and u n d e r g r o u n d mining 
is in p rogress a t Gumeracha . E x a m i n a t i o n s f o r this s tudy were res t r ic ted 
t o the var ious work ings where f r e s h rocks could be seen in situ. Most a t t en t ion 
was pa id to the p roduc ing mines a t K e n t o n Valley where drill cores axe avai lable 
f i 'om sections of the deposi t no t yet opened u p . 

The Gumeracha talc deposi ts d i f fer in several respects f r o m other known talc 
deposi ts of commercial size. Most such deposi ts have been f o r m e d ei ther by 
the action of hyd ro the rma l solutions on basic igneous rocks, where they a r e 
f o u n d closely associated with r e m n a n t s of such rocks, or by the metasomatic. 
a l t e ra t ion of dolomites, genera l ly near g ran i t i c in t rus ions . There are, however, 
ne i ther basic igneous rocks n o r dolomites associated with the Gumeracha talc 
bodies, nor a r e such rocks known to occur in the dis tr ict . Moreover , there are 
no g ran i t i c in t rus ives in the vicinity, a l though there a r e extensive pegmat i tes . 
'The only rocks in the ne ighbourhood of the ta lc deposi ts a r e quar tz i t es and 
bioti te schists of sed imenta ry origin. 

A character is t ic f e a t u r e of the Gumeracha talc is the abundance of albi te 
associated with it and the presence of bodies of more or less p u r e albi te rock. 
Ano the r s t r ik ing f e a t u r e is the extremely i r regu la r shape of the talc seams 
t h a t have been exposed in mining . 

The deposi ts a re r e f e r r e d to as talc in this r epor t , r a t h e r than as s teat i te or 
soaps tone , the te rms used in re ference to these deposi ts in Mining Review No. 
77.* Steat i te , in the na r rower mineralogical sense, is general ly app l i ed to 
massive, compact , c ryptocrys ta l l ine talc wi thout visible gra in . Soaps tone denotes 
& massive f o r m t h a t may conta in only 50 pe r cent talc, and the n a m e is derived 
f r o m the greasy or soapy feel i m p a r t e d to the rock by i ts talc content . Much 
of the Gumeracha talc, even when massive, occurs in the lamel lar crystal l ine 
f o r m f o r which the t e rm "s tea t i t e" is not ap t , except in so f a r as the te rm 
is synonymous with massive talc. I m p u r i t i e s occur in the ta lc deposits , bu t 
genera l ly in such small p r o p o r t i o n s t ha t the te rm " soaps tone" is misleading. 
Moreover, the p roduc t ion of h igh-grade talc seems possible wi th the app l ica t ion 
•of sui table ore-dressing. 

THE TALC DEPOSITS 
The talc deposi ts t ha t a r e sufficiently exposed or developed f o r their shapes 

to be a p p a r e n t a p p e a r as e longated lens-like or sheet-like bodies, with their 
l ong axes more or less para l le l to the s t r ike of the country-rock. These bodies 
•consist essentially of tale, a lbi te f e l spa r , and unrep laced schist and q u a r t z i t e ; 
the re la t ive p r o p o r t i o n of the several components va ry ing considerably f r o m 
place to place. I n some places the ta lc f o r m s massive bodies 50 f t . or more in 
w id th , while elsewhere it occurs as a system of anas tomosing s eams—up to 20f t . 
wide—fil l ing the interst ices between more or less rounded blocks of ha rd rock, 
known locally as "boulders" , which consists of a sheath of albi te of var iab le 
width about a core of more or less albitized schist or quar tz i te . Albi te rock, 
which is sometimes not more than a f e w inches wide, invar iably occurs between 
the talc bodies, or seams, and the incompletely replaced schists, as is s t r ik ingly 
i l lus t ra ted in the Gumeracha No. 2 diamond-dri l l core (see fig. 2 ) . I n places, 
pa r t i a l ly albitized schist, a d j a c e n t to such a "shea th" , is t raversed by anas tomosing 
veins of albite, which r a n g e in thickness f r o m a th read to a f e w inches, and 
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Fig. 2.—No. 2 diamond-drill core, Gumeracha 
A — a l b i t e r o c k : Q — q u a r t z i t e : ' S — s c h i s t : T — t a l c 

* Cornelius, H. S., Mining Sevietv 77, pp. 80-81, 1943. 
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clearly fill a system of f r ac tu re s in the schist (see fig. 3) . The albite also 
occurs as small gra ins disseminated through the talc, the propor t ions varying 
somewhat f r o m place to place. 

The varying relat ionship of talc to albi te—and of the talc-albite rocks to 
the country-rocks—are best exposed in the Gumeracha deposits, where mining 
is in progress. Two talc-albite bodies occur here, one on either side of a small 
valley runn ing east-north-east and west-south-west. They are exposed at' intervals 
a long the ridges on either side of the valley, f o r distances of 1,000ft. or more, 
along a direction transverse to the general northerly t rend of the tale belt. 
The talc-albite bodies, and' the sediments that flank them—which are predomin-
ant ly biotite-quartz schists with some quartzi te beds—have a general north-westerly 
str ike, and dip to the north-east . 

NW. 

Fig. 3.—Sketch section of pegmatitic veins in an exposure of biotite-quartz schist 
on the margin of massive talc at Steatite Hill 

A — a l b i t e r o c k : S — s c h i s t : T — t a l c 

South of the valley is a r idge which may be distinguished as Steati te Hill 
because it contains the massive bodies of talc, which have been previously 
re fe r red to as steatite or soapstone, and f r o m which a considerable tonnage of 
blocks and slabs has been taken out in the past . Quarries, which are opened 
u p to depths of 30ft. , expose faces of massive talc u p to 50f t . wide. The talc 
is not un i fo rm in quality, some of it being gr i t ty f r o m disseminated albite, and 
some of it being stained with iron oxide derived f rom the weathering of dis-
seminated fine and occasional coarse crystals of pyri te . An i r regular zone of 
albite rock marks the contact of the talc bodies with the biotite schists tha t 
surround the deposi ts ; and in some cuttings, thin anastomosing veins of albite 
are exposed in f rac tu res in the schist (see fig. 3) . A t the south-eastern end of 
the deposit, the albite is developed over the whole width of the body almost to 
the exclusion of the talc, which occurs only as occasional thin bands containing 
abundan t coarse disseminated albite. 

The ridge on the north side of the valley contains the deposits which constitute 
the talc mine of John Dunstan & Son (W.A.) Ltd. and the workings of the 
Torrens Mining Co. Ltd. Most of the product ion of the district comes f rom 
this area. Mining a t Duns tan ' s talc mine is in progress f rom adits near the 
eastern end of the ridge. The talc occurs in seams u p to 10f t .—and occasionally 
20ft .—wide, between masses or "boulders" of albite rock and albitized schist of 
much larger dimensions. The drives and other workings are considerably twisted 
by almost r ight-angle turns , and by fa l ls and rises in the bottoms of the levels, 
because they follow the sof t talc seams and avoid "boulders" of hard rock. A 
plan of the workings (see fig. 4) provides a picture, therefore, of the distri-
bution of the main seams of talc in relation to the "boulders" of albitized schist 
in the deposit, f o r the par t icular horizon. There is a degree of parallelism 
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between different p a r t s of the workings that suggests that the talc seams might 
be filling a series of f rac tures , such as could be set u p within a shear zone. A 
small "boulder" isolated in the workings a f t e r the extraction of the enveloping 
talc is i l lustrated in fig. 5. 

North-west of Duns tan ' s talc mine, and on top of the same ridge, are the 
workings of The Torrens Mining Co. Ltd. Here, sha f t s have been sunk to depths 
of 40f t . and 70ft. , and drives pu t out a t several levels into a talc-albite deposit 
tha t is similar to the deposit worked in Dunstan ' s mine. The same relat ionship 
of talc seams to "boulders" of albitized schist has been encountered, but the 
talc seams are thinner and the "boulders" appea r larger and more numerous in 
the sections so f a r exposed. 

Fig. 4.—Level plan of No. 2 adit, Dunstan talc mine 
T h e w o r k i n g s h a v e b e e n deve loped b y fo l lowing s e a m s of s o f t t a l c f r o m a n a d i t 
on t h e h i l l s ide . T h e p l a n t h u s p r o v i d e s a p i c t u r e of t h e d i s t r i b u t i o n of t h e t a l c in 
r e l a t i o n t o t h e a l b i t i z e d s c h i s t in t h e d e p o s i t f o r a p a r t i c u l a r h o r i z o n . D . T . 4 a n d 3 6 

a r e loca l i t i e s of a l b i t i z ed q u a r t z i t e 

Outcrops of talc occur at intervals along a quartzi te ridge leading northwards,, 
through sections 6268 and 245, to the Bivdwood-Gumeracha road (see fig. 1) , 
where several pegmati te dykes outcrop in the biotite schists. A f t e r a blank 
interval of about l i miles, a f u r t h e r series of talc outcrops a re found in sections 
6275, 6274, and 6380, hundred of Talunga. Trenches and shallow shaf t s have 
been cut at a number of these deposits, exposing a similar association of talc, 
albite, and biotite schist to that found a t Dunstan ' s talc mine and the Tor rens 
Mining Company's workings. 

Por te r ' s talc quar ry , section 6213—1J miles south of Dunstan ' s talc mine— 
reveals a generally similar association of talc and albite. The exposures are 
limited, and the quarry, which is not in operat ion at present , has not penetrated 
to f resh rock. Massive albite rock, about 3f t . thick, marks the contact of the 
talc body with the country-rock, and is exposed in section in the trench leading 
into the quarry . The country-rock consists of quartzi te and mica schists. The 
quarry is cut in massive white tale through which are dispersed sma.ll masses 
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A s m a l l " b o u l d e r " of a l b i t e a n d a l b i t i z e d s c h i s t a s d i s c a r d e d in t h e 
w o r k i n g s of D u n s t a n t a l c m i n e a f t e r t h e e x t r a c t i o n of t h e e n v e l o p i n g t a l c 

T a l c c r y s t a l s w i t h s t e l l a t e s t r u c t u r e , p r o b a b l y p s e u d o m o r p h o u s a f t e r 
s t e l l a t e a m p h i b o l e ; D u n s t a n t a l c m i n e 

P y r i t o h e d r o n s of p y r i t e f o u n d o c c a s i o n a l l y in t h e t a l c ; D u n s t a n t a l c m i n e 

F i g . 5 . — 

F i g . 6 . — 

F i g . 7 . — 
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of p i n k weathered albite, p roduc ing a s t r ik ingly spo t ted appea rance . I n places 
on the floor of the qua r ry , and in p i l l a rs s u p p o r t i n g a deeply undercu t face , 
l a rge "bou lde rs" of a p p a r e n t l y massive a lbi te were observed. I n the f ace a r e 
occasional greyish patches , which owe thei r da rke r colour to an abundance of 
ru t i le g r a in s disseminated th rough tale. I t would a p p e a r t ha t h igh-grade talc 
could no t be readi ly obta ined in quan t i t y b y selective min ing f r o m this p a r t of 
t he deposi t . 

South-eas t of P o r t e r ' s talc q u a r r y is ano ther small open cut, known as P o r t e r ' s 
asbestos q u a r r y . The deposi t exposed here consists essential ly of albite, talc, 
a n d a fibrous f o r m of ta le (see table I , analysis No. 4) which resembles 
asbestos, and f r o m which the deposi t takes i ts name. Massive albi te rock, 
several f e e t wide, m a r k s the contact of the ta lc with t he schists which a r e 
exposed in section in the po r t a l of the q u a r r y . I n the q u a r r y f a c e ta lc occurs 
as seams th rough the albi te rock, and some n a r r o w seams conta in la rge crys ta ls 
of fibrous talc, with fibres 4in. o r more in length. Some of the large crysta ls 
of fibrous tale a re su r rounded by massive lamellar talc and have the a p p e a r a n c e 
of p seudomorphs a f t e r some pre-exis t ing p r i smat ic mineral , p r e sumab ly an 
amphibole . The fibrous charac te r of the talc as signified by the ease wi th which 
i t can be teased ou t in to fibres is more marked in weathered than in the 
unwea thered por t ions . The albite rock shows band ing , paral le l to the schistosity 
of the a d j a c e n t schists. 

. PETROLOGY OF THE TALC DEPOSITS 

The Talc Bodies 

A t D u n s t a n ' s talc mine (Gumeracha ) the ta lc is g raded according to its 
colour and f r e e d o m f r o m "g r i t " , t ha t is, d isseminated g ra ins of albite. The 
first-grade ta lc is a whi te massive ta lc rock with the ipdividual talc crysta ls 
f o r m i n g p la tes f r o m 2 mm. to 3 mm. across. I t has an equ ig ranu la r tex ture , 
wi thout any t r ace of schistosi ty or p r e f e r r e d cleavage, T h e talc has r e f r ac t i ve 
indices about 1-540 and 1-585 and is biaxial , negat ive, with a very small opt ic 
axia l angle. Thin sections show t h a t it consists chiefly of p l a ty crys ta ls of talc 
t h rough which a re dispersed occasional g ra ins of albi te f e l s p a r (see fig. 8) u p 
to 1 mm. across. Minu te shreds of greenish-brown biotite, with indefini te margins , 
a r e occasionally included in the ta lc a long the cleavage directions. I n places, 
the bioti te is a l tered p a r t l y or wholly to chlorite. There a r e also scat tered 
crys ta ls of yellow to b rown rut i le , u p to 0-2 mm. in cross-section, bu t general ly 
smal ler . A n occasional c rys ta l of a p a t i t e is also f o u n d . 

The g rade of the talc is lowered with the increase of these impur i t ies . 
Inc rease in the a m o u n t of albi te resul ts in gr i t t iness which may r ende r the talc 
unmarke tab l e . Inc rease in the amoun t of biot i te may p roduce d iscolora t ion; 
and the amoun t of discoloration la rge ly determines the selection of the second 
and th i rd grades of ta lc which a re marke ted a t Gumeracha . The second-
g r a d e tale is greyish by compar ison with the first grade , and conta ins a reas 
wi th small black spots of biotite. The thi rd g r a d e is much spo t ted with biotite. 

Sometimes- a thin section of the lower g rade of talc discloses a thin band of 
biotite, as in fig. 9, in which a crystal of a p a t i t e is associated with the biotite 
band . Discolorat ion is f r e q u e n t l y caused by residual , unrep laced shreds of biotite 
in the cleavage p lanes of talc (see fig. 10) , p roduc ing da rk spo ts in the hand 
specimen. I n m a n y instances, these shreds of biot i te a re recognizable by their 
colour and p leochro ism; bu t there are cases where no pleochroism can be detected, 
despi te the a p p a r e n t s imilar i ty in colour and appea rance . S imi lar evidence of 
rep lacement of bioti te by talc has been described in C. S. Ross* a.t M o n a r a t and 
other localities in the Ducktown dis t r ic t of the Sou the rn A p p a l a c h i a n Region. • 

* Boss, C. S., "Origin of the Copper Deposits of Ducktown type in Southern 
Appalachian Region". U.S. Geol. Survey Prof. Paper 179, p. 32. 
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A greenish chlori te is also p re sen t in the lower grades of ta le (see fig. 9 ) . 
I t occurs ei ther as small lenses, which m o d i f y the p u r e whi te colour of the first-
g r ade talc, o r in bands associated wi th biotite. The chlori te t ends to occur a s 
crys ta ls of t he same size as the talc, a n d is in te rwoven with them. I t is pa le 
green in basal pla tes , and is pleochroic f r o m pa le green to colourless in cross-
sections, which show in te r fe rence colours u p to o range and yellow of the first 
order . Basa l sections show almost un iax ia l figures which a r e opt ical ly posit ive. 
No observat ions have indicated the direct change of chlorite to talc, which R o s s 
has described as common in talc occurrences in the Duck town area . A r a r e 
occurrence of the chlori te is in the f o r m of segregat ions in the ta lc bodies. These 
segregat ions a re aggrega tes of numerous , exceedingly fine crysta ls of chlori te wi th 
a tendency to a g r a n u l a r out l ine and with no or ienta t ion in any p a r t i c u l a r 
direct ion. 

Occasionally in the lower g rades of ta lc there a re small pockets , several milli-
met res across, of a pale-yellow phlogopi te mica. They powder read i ly and a r e 
difficult ' to r e t a in in th in section. T h e phlogopi te is identif ied by the r e f r a c t i v e 
index of t he basal pla tes , which is less t h a n 1-565; and it is dis t inguished f r o m 
chlori te by i ts high b i r e f r i ngence and its uniaxial i n t e r f e rence figure, which is 
opt ical ly negat ive . 

Not in f r equen t ly , the ta lc in contact with the albi te rock, or wi th in the talc-
albi te zone, shows a co lumnar crysta l s t r u c t u r e — f o r an inch or so f r o m the 
con tac t—the crys ta ls s t and ing a t r ight -angles to the contact . A less common 
f e a t u r e in the marg ina l zone is talc in the f o r m of long, slender, r a d i a t i n g 
rosettes, p resen t ing a s t ruc tu re in the hand specimen tha t is suggest ive of talc 
pseudomorphous a f t e r stel late act inoli te or t remol i te {see fig. 6 ) . I n places 
these roset tes a re spo t t ed f r o m the presence of th in residual p la tes of biot i te 
a long the cleavages of the talc. The specimens contain occasional p s e u d o m o r p h s 
of l imonite a f t e r p y r i t e and show i ron s ta ining, bu t no t races of a p r i sma t i c 
amphibole can be recognized. 

P y r i t e occurs sporadical ly in the talc, in both la rge and small crystals . In 
the deeper levels of D u n s t a n ' s mine, wel l - formed py r i t ohed rons of pyr i t e , u p 
to 4in. in diam., a r e occasionally f o u n d in the talc, general ly in clusters of 
several c rys ta ls {see fig. 7 ) . I n the h igher levels, these crysta ls have been a l tered 
to l imonite, and the i r f o r m e r posi t ion is marked by cavernous pockets of f r i ab l e , 
s tained talc, some of which a r e several f e e t across. A t P o r t e r ' s talc q u a r r y , 
p seudomorphs of l imoni te a f t e r pyr i te , u p to 2in. across, were observed in t he 
ta lc a f e w fee t below the su r face . Smal ler crystals are more commonly presen t , 
and a r e r ep resen ted in the oxidized zone by small l imonit ic casts, which have 
cont r ibuted mater ia l ly to the s ta in ing of the tale. A s imilar occurrence of 
p y r i t e sparse ly disseminated th rough the talc was noted in the work ings of The 
Tor rens M i n i n g Co. Ltd . , and a t Tonkin ' s , Ber ry ' s , and Symonds ' work ings a t 
the no r the rn end of the ta lc zone. The presence' of th is disseminated p y r i t e is 
revealed by the presence of su lphide su lphu r in the several chemical analyses of 
the talc t h a t have been made. I t is possible t h a t this p ropo r t i on of su lphide 
su lphu r will increase somewhat in tale taken f r o m below the oxidized zone. 

I n two ins tances a t D u n s t a n ' s ta lc mine, su lphu r—ins t ead of occurr ing in 
combinat ion with i ron as p y r i t e — h a s been f o u n d in the na t ive f o r m in cavities 
or vughs u p to 6in. across. I n both instances, the su lphur occurs as loosely 
compacted aggrega tes of fine crysta ls with a t tached t races of i rons ta ined mater ia l . 
The ta lc walls of the vugh a re also somewhat i rons ta ined, and the probable 
explana t ion is t ha t the su lphu r has been produced f r o m the oxidat ion of p y r i t e 
u n d e r condit ions of low accessibility of air . P y r i t e and marcasi te , if acted on 
by f e r r i c su lpha te with the su lphide in excess, oxidize to f e r r o u s su lpha te , 
su lphur i c acid, and f r e e su lphur .* The occurrence of na t ive su lphu r is r a r e in 

* Allen, E. T., Crenshaw, J. L., Johnston, J., and Larsen, E. S., Am. Jour. Sci. 33 
(4th ser.) 169, p. 175, "The Mineral Sulphides of Iron", 1912:. 
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F i g . 3 . — G r a i n of a l b i t e in first-grade t a l c , D u n s t a n t a l c m i n e . D a r k a r e a b e l o w t h e 
a l b i t e g r a i n i s a h o l e 

F i g . 9 . — L e n t i c u l a r a r e a cf c h l o r i t e in s e c c n d - g r a d e t a l c , D u n s t a n t a l c m i n e . C r y s t a l s 
of a p a t i t e v i s i b l e on t h e c o u r s e of a t h i n s e a m of d a r k b i o t i t e 

F i g . 1 0 . — S h r e d s of d a r k b i o t i t e a l o n g t h e c l e a v a g e of t a l c in t h i r d - g r a d e t a l c , 
D u n s t a n t a l c m i n e . T h e s e c t i o n is f r a c t u r e d in t h e field of v i e w 
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t he ta lc depos i t s ; a n d if i t were p r i m a r y s u l p h u r in the same sense t h a t ta lc 
and p y r i t e a re p r i m a r y , and deposi ted in c i rcumstances where there was insuffi-
cient i ron f o r the f o r m a t i o n of pyr i t e , i t might be expected t ha t the occurrences 
would be less isolated and more general . 

Ca rbona te minera l s a r e genera l ly absent f r o m the talc, and none of the 
chemical anaylses show any C 0 2 . A t one po in t , however, nea r the n o r t h e r n end 
of the u p p e r level f r o m the No. 2 adi t of D u n s t a n ' s ta lc mine (see fig. 4 ) a 
vein of carbonate , abou t 6in. wide, was f o u n d t r ave r s ing the talc rock in a 
loose block t ha t had broken f r o m the face . No ca rbona t e was visible in the face , 
so p r e sumab ly the ca rbona te vein was shor t and lens-like. A pa r t i a l analys is 
of the ca rbona te shows tha t it is a dolomite con ta in ing— 

CaC03 53-7 
MgCO:j 41-0 
FeC0 3 6-3 

A specimen has previously been obtained, f r o m the same vicinity, which 
consisted of an aggrega te of g r a n u l a r ca rbona te and tale. 

Chemical Composition 
Chemical analyses have been made, by the D e p a r t m e n t of Mines, of the best-

g rade ta lc f r o m Duns t an ' s ta lc mine, the q u a r r y on S tea t i t e Hi l l , and the No. 2 
s h a f t of the Tor rens Min ing Co. These, together wi th an analys is of fibrous 
ta lc—resembl ing a sbes to s—from P o r t e r ' s asbestos q u a r r y , and an analys is of j i 
f lotat ion concent ra te of talc, a r e given in tab le I . 

TABLE I 

Analysis No. 1 2 3 4 5 6 A 

SiOa 61-90 61-42 61-98 60-66 61-98 61-86 63-50 
A l a 0 3 1-88 0-72 5-74 0-78 2-71 0-59 
Fe2Os ' 0-65 0-70 nil 0-37 0-76 0-28 
FeO 1-66 1-75 1-93 2-94 1-70 2-57 
MgO 28-23 29-82 25-60 29-31 26-82 30-20 31-70 
CaO nil nil 0-18 nil 0-22 0-08 
NaaO 0-68 0-10 — 0-04 1-42 0-02 
KaO nil nil — nil nil nil 
H , 0 over 100°C 4-66 4-96 4-10 5-41 4-20 4-90 4-80 
HaO at 100°C 0-03 0-12 0-16 0-16 0-13 
COa nil nil nil nil — 

TiOa 0-07 0-10 — nil 0-13 0-04 
P a 0 5 0-07 0-07 — 0-06 0-13 0:02 
S (as sulphide) 0-07 0-06 — 0-19 0-09 005 
s o 3 nil nil — nil — — 

CI nil nil — nil — — 

99-90 99-82 99-53 99-92 100-32 100-74 100-00 
Less Oa for S 0-02 0-02 0-07 003 0-02 

99-88' 99-80 99-53 99-85 100-29 100-72 100-00 

1—High-grade talc, hand-picked, Dunstan's talc mine. (Analyst: T. W. Dalwood). 
2—High-grade talc, hand-picked, from Symonds' No. 2 shaft, Torrens Mining Co., Ltd. 

(Analyst: T. W. Dalwood). 
3—Good white soapstone, quarry, Steatite Hill (Mining Review, No. 42, p. 70, 1925). 
4—Fibrous talc, Porter's asbestos quarry. (Analyst: T. W. Dalwood). 
5—Talc, Dunstan's talc mine. Bulk sample used in an ore-dressing test. (Analyst: 

T. W. Dalwood). 
6—Talc flotation concentrate from ore with the composition of No. 5. (Analyst: T. W. 

Dalwood). 
A—Theoretical composition of talc. 
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The pe rcen tage of T i 0 2 in these analyses can be ascribed to ru t i l e ; and the 
pe rcen tage of P 2 0 5 indicates t ha t there is about 0-15 p e r cent of a p a t i t e in the 
hand-p icked talc a n d 0-3 pe r cent in the bulk sample . The amoun t of su lphide 
s u l p h u r indicates 0-11 p e r cent to 0-17 p e r cent pyr i t e . N a 2 0 is wholly con-
t a i n e d in a lb i te ; the amoun t of a lbi te var ies f r o m 0-8 pe r cent in the h igh-grade 
hand-picked sample No. 2, to abou t 12 p e r cent in the average ore, sample No. 5. 

A f t e r ru t i le , apa t i t e , and a lbi te have been allowed f o r in the chemical com-
pos i t ion , there still r emain small amount s of a lumina , f e r r i c i ron, and f e r r o u s 
i ron as impur i t i e s by compar i son with the theoret ical composi t ion of talc. This 
is also the case with chemical analyses of the p u r e s t tales in all p a r t s of the 
world. I n the Gumeracha talc, t races of p y r i t e and i ts oxidat ion p roduc t , 
a s well as t races of bioti te and chlorite, may account f o r the f e r r i c i ron. Traces 
of bioti te and chlori te m a y account f o r the a lumina in excess of t ha t requi red 
f o r albite, and flakes of chlorite are sufficiently p r o m i n e n t in the S tea t i t e Hi l l 
t a l c ( sample No. 3) to account f o r i ts relat ively high a lumina . The pe rcen tage 
of f e r r o u s i ron is, however, too high to be expla ined in t e rms of these minera l 
impur i t ies , and the suggest ion ar ises t ha t t races of f e r r o u s i ron a re combined 
wi th ,magnesia in the ta lc molecule. This a p p e a r s to be the most likely exp lana-

. t i on of the relat ively high pe rcen tage of f e r r o u s i ron in the f ibrous talc ( sample 
No . 4) and in the flotation concent ra te ( sample No. 6) f r o m which ruti le, apa t i t e , 
a n d albi te have been almost ent i rely removed. 

The Albite Rocks 
Albite-r ich rocks occur consistent ly on the marg in of the workable ta lc seams 

as a " shea th" between the massive talc and the albitized country-rock. The 
thickness of the albite sheath is var iable and averages abou t 1 f t . , and a p p e a r s 
to be independen t of the thickness of the talc seam. 

Chemical analyses of the albite rock, and of the f e l s p a r f r o m such an albi te 
rock a f t e r t r ea tmen t wi th b r o m o f o r m of sp . gr . 2-85 confirm the sodic cha rac te r 
of the f e l spa r . 

TABLE II 
Analysis No. 1 2 
S i0 2 63-02 61-84 
A12Os 15-79 18-04 
Fe,0'3 2-59 2-08 
FeO 0-63 — 
MgO 2-84 2-71 
CaO 1-22 0-86 
N a , 0 7-54 9-31 
KoO 0-24 0-34 
HoO over 100°C 0-76 0-27 
H , 0 at 100°C 0-07 0-53 
TiO, ' 3-89 2-29 
P20"5 0-76 n.d. 
CI 0-02 — 

99-37 98-27 

1. Albite rock (40) from west drive, No. 2 adit, Dunstan's talc mine. (Analyst: 
T. W. Dalwood.) 

2. Albite separated from the albite rock by bromoform. (Analyst: T. W. Dalwood.) 

Assuming tha t the M g O in the analys is (No. 2) occurs as talc and the T i 0 2 

as ru t i l e—not f r e e d f r o m the f e l s p a r by c rush ing—and calculat ing K 2 0 , Na . ,0 , 
a.nd CaO as f e l spa r , the f e l s p a r const i tu tes about 85 pe r cent of the rock and 
has a composi t ion abou t Or„Ab 0 3 An B . I t is probable , however, t ha t the albite is 
even more sodic than this because it is unl ikely tha t all the bioti te, apa t i t e , 
a n d sphene have been sepa ra t ed by the b romoform, and tha t all the T \ 2 0 and 
C a O a r e contained in the f e l spa r . The albi te has r e f r ac t ive indices r a n g i n g 
f r o m about 1-525 to 1-535 and is biaxial and posit ive, which is in accord with 
i ts de te rmina t ion as near ly p u r e albite. 
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The albite rocks are white or grey rocks consisting essentially of albite, 
generally with a small propor t ion of included ta lc ; but all gradat ions are found 
between relatively pure albite rock and relatively pure talc rock. In places, 
the talc fo rms nar row bands 2 mm. to 3 mm. wide between wider bands of f a i r ly 
pure albite, or bands of pure white albite up to 10 mm. wide lie between wider 
bands of greyish albite rock, which nevertheless contains a propor t ion of talc. 
In other places the talc is distr ibuted uni formly through the albite, or it f o rms 
clusters of coarse crystals within albite. These features , which may occur within 
the limits of a hand specimen, are repeated on a larger scale; but, nevertheless, 
the contact between the albite rock and the massive talc f requent ly appea r s to 
be sharp , in the field. 

Minor constituents in the albite rock are rutile, apat i te , tourmaline, biotite 
or phlogopite, sphene, plienacite, pyri te , and quartz. Rutile is the most abundant 
of these, and nearly the whole of the 3-89 per cent T i 0 2 in the analyzed sample 
is represented by ruti le. I t s distr ibution is variable, and fig. 13 illustrates an 
area of albite in which ruti le crystals are more than usually abundant . The 
ruti le is reddish brown, and the larger crystals are commonly 0-2 mm. in width, 
bu t there are also numerous small crystals. Titania that is not absorbed in 
rut i le appea r s in the fo rm of occasional ragged crystals of sphene; but there 
is seldom more than one or two particles of sphene within the limits of a section 
and, in many sections, it is absent. 

Apat i te crystals are not near ly as numerous as rut i le in the albite rock, but 
their average size is larger. Measurement in one section indicated the rat io of 
rutile to apat i te to be approximate ly 5 to 3 by volume. The amount of apa t i t e 
in the analyzed rock is 1-8 per cent by weight. 

Tourmaline occurs as occasional ragged crystals and needles, but its distr ibu-
tion is much more i r regular than that of ruti le or apat i te . In a few places it 
fo rms segregations, several inches across, within the albite zone. Such a nodule, 
seen in thin section, consists of blown tourmaline with imperfect crystal fo rm, 
set in a base of albite and biotite, the tourmaline being the dominant mineral . 
The biotite flakes vary somewhat in the intensity of their pleochroism, and some 
of them enclose thin needles of rutile. Grains lof apat i te and ruti le are present 
in the albite matr ix. The margin of the tourmaline segregations is lighter coloured 
than the core, and shows a passage to normal albite rock, which contains only 
insignificant amounts of tourmaline and biotite. Occasional crystals of pyr i t e— 
up to 1 cm. across-—with traces of oxidation to limonite, occur in the t ransi t ion 
zone. 

The brown biotite tends to be restricted to narrow, somewhat indefinite bands 
in the albite rock, find is sometimes intergrown with talc. The consistent occur-
rence of biotite in parallel bands suggests tha t it is residual f r om the replaced 
schist. The direct passage of these bands into talc can sometimes be observed 
within the limits of a thin section. I n some hand specimens of the albite rock, 
the mica can be observed to have a brownish-yellow colour and the basal plates, 
when isolated, have been found to have a ref rac t ive index of approximately 1-585. 
This value is below that of biotite and indicates that the mica is the magnesium 
variety, phlogopite. 

Phenaci te is an accessory mineral fo rming small, colourless crystals about 
0-05 mm. by 0-02 mm. I t is uniaxial and positive, with a high re f rac t ive index 
and second-order polarization colours which distinguish it f r om zircon. Some 
grains have a rhomboidal shape. This mineral was concentrated in the heavy 
residue obtained by suspending the crushed rock in bromoform of sp. gr . 2-85, 
in which the phenacite sank while the albite floated. The result ing concentrate 
was subjected to spectroscopic analysis by A. J . Gaskin, and the .presence of 
beryllium in amounts adequate to f o rm phenacite was established. 
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Q u a r t z occurs in inters t ices between crysta ls of albite, f o r m i n g par t ic les of 
•very i r r egu la r shape. A t t imes it a p p e a r s as the base f o r id iomorph ic c rys ta l s 
•of albite, which clearly indicates t h a t the quar tz was deposi ted a f t e r the albi te 
a n d is no t res idual q u a r t z f r o m replaced schist or quar tz i te . 

Albitized Schists and Quartzites 
The count ry- rocks consist largely of b io t i te -quar tz schists which—in the vicini ty 

of the ta lc-albi te zones—show v a r y i n g degrees of a lbi t izat ion. 

Surface Exposures 
The best exposures a t Gumeracha a re the open cuts leading into the qua r r i e s 

on S tea t i t e Hi l l and in to D u n s t a n ' s ta lc mine. Some relat ively f r e s h rock is 
exposed in ou tc rops on the hillside above Duns t an ' s talc mine, bu t i t is o f t e n 
doub t fu l l y in situ. 

A t the S tea t i t e Hi l l qua r ry , a th in section of the schist ( 2 8 ) , an inch f r o m its 
contac t wi th the a lb i te rock, consists essentially of biot i te and quar tz . I t also 
conta ins a number of cloudy g ra in s consist ing of albite wi th small inclusions of 
talc, sometimes associated with par t ic les of res idual biotite, s imilar to those 
i l lus t ra ted in fig. 14. Biot i te flakes o f t e n conta in minu te needles of rut i le . A n 
occasional c rys ta l of tourmal ine is p resen t in the section as well as a f e w 
l imoni t ic p seudomorphs a f t e r py r i t e , and an occasional g ra in of g a r n e t has been 
observed in the crushed rock. This rock is s o f t and readi ly crushed, and the 
biot i te was concent ra ted f r o m the powder by suspension in b r o m o f o r m of 
sp . gr . 2-85. The heavy concent ra te conta in ing the biot i te was then t rea ted on 
an electromagnet ic s epa ra to r , and the p r o d u c t was finally cleaned on an inclined 
sheet of ea rboard . W h e n the card was gent ly t a p p e d , t he r ema in ing g r a n u l a r 
impur i t i e s and composi te g r a in s rolled down the card more readi ly t han the f r e e 
p la tes of bioti te. The pur i f ied mate r ia l has been analyzed by T. W . Dalwood, 
and the resul t shows t h a t the biot i te is an i ron-magnes ium var ie ty , modera te ly 
r ich in magnes ium. The r e f r ac t i ve index of the basal p la tes is 1-630. 

BIOTITE FROM BIOTITE-QUARTZ SCHIST, STEATITE HILL 
S i 0 2 40-70 
A1203 15-58 
FeoOs 13-35 
FeO 1-26 
MgO 11-27 
CaO . . . . 0-32 
N a 2 0 1-03 
KoO 6-22 
H 2 0 over 100°C 5-84 
H , 0 at 100°C 1-50 
TiO, 3-12 

100-19 

A bio t i te -quar tz schist (25) f r o m a second t rench cut on Stea t i te Hi l l , about 
2yds. f r o m its contact with the albite rock, was f o u n d to be a l i t t le f iner g ra ined 
wi th somewhat pa le r biot i te t h a n the p reced ing specimen. Inc lus ions of minute 
reddish-brown crysta ls of ru t i le a re more a b u n d a n t in the biotite. I n addi t ion 
to the biotite, there a re scat tered crysta ls of a colourless hornblende (ac t inol i te ) , 
sometimes ly ing p a r t l y across t he schistosity. These crys ta ls tend to be acicular 
and cross-sections reveal the character is t ic amphibole cleavage, in tersect ing about 
56deg. Albi te is p resen t in the base of the rock, s u r r o u n d i n g and cement ing 
g r a i n s of qua r t z and biotite, and it also occurs in cloudy a reas associated with talc. 

Associated with the bioti te schists in these two open cuts a t the S tea t i t e Hi l l 
q u a r r y a re (1) a th in intercala ted bed, 6in. wide, which has the a p p e a r a n c e in 
t he field of a fine-grained sandstone , and (2) n a r r o w t ransgress ive pegmat i t i c 
veins. 



F i g . 1 2 

F i g . 1 1 . — S a g e n i t i c w e b of r u t i l e in b a s a l p l a t e of c h l o r i t e , a s s o c i a t e d w i t h c r y s t a l s 
ot t o u r m a l i n e w i t h h i g h r e l i e f . D a r k p a t c h e s a r c b i o t i t e , a n d c o l o u r l e s s 
a r e a s a r e a l b i t e . A l b i t i z e d b i o t i t e - q u a r t z s c h i s t a t 8 0 f t . in N o . 2 b o r e 

F i g . 1 2 . — F e w e r a n d l a r g e r p r i s m s of r u t i l e in b a s a l p l a t e of c h l o r i t e . S m a l l e r 
p r i s m s a l o n g c l e a v a g e in a c r o s s - s e c t i o n of a l t e r e d b i o t i t e . D a r k p a t c h e s 
a r e r e s i d u a l b i o t i t e . A l b i t i z e d b i o t i t e - q u a r t z s c h i s t a t 3 1 f t . , N o . 1 b o r e 

F i g . 1 3 . — R u t i l e p r i s m s in a l e n t i c l e of a l b i t e in a l b i t i z e d b i o t i t e - q u a r t z s c h i s t a t 
3 1 f t . , N o . 1 b o r e 

F i g . 1 4 . — C l o u d y a r e a s of a l b i t e a n d t a l c , w h i c h a p p e a r t o a r i s e d i r e c t l y f r o m 
a l t e r a t i o n of b i o t i t e . D a r k c r y s t a l s a r e r e d d i s h r u t i l e , a n d s m a l l b i o t i t e 
f l a k e s a r e p r e s e n t ( u p p e r r i g h t ) . C l e a r a r e a s a r e m o s t l y a l b i t e e n c l o s i n g 
s o m e i n d i s t i n g u i s h a b l e r a g g e d a r e a s of t a l c . A l b i t i z e d b i o t i t e - q u a r t z 
s c h i s t a t 3 1 f t . , N o . 1 b o r e 

To face page 4 0 ] 
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The a p p a r e n t sands tone proves on invest igat ion to consist of albite and a 
considerable amoun t of a l tered mica and talc with disseminated par t ic les of 
ru t i le . Quar t z is absent , and most of the ta lc crysta ls contain shreds of al tered 

_ bioti te a long the cleavages. The albite crysta ls show a marked paral le l ism with 
the flakes of talc a n d a l te red biotite, ind ica t ing t h a t the rbck was or iginal ly a 
bioti te schist in which the qua r t z has been replaced by a lbi te and the bioti te 
la rge ly rep laced by phlogopi te and' talc. 

The pegmat i t i c veins a re very na r row, most ly not more than l i n . in width, 
and f o r m a ne twork in the schists (see fig. 3 ) . They a r e p robab ly derived f r o m 
the res idual solutions a f t e r the p roduc t ion of the talc. They contain eoaise 
albite, as well as quar tz , occasional stellate g r o u p s of talc leaves, a.nd ru t i le 
crys ta ls u p to 1-5 mm. long. A greyish to brownish mineral is p resen t in some 
sections- of these veins, a p p e a r i n g within the tale flakes and on their margins . 
I t is identical with a clay-like minera l occurr ing in jo in t s in the massive talc, 
and is described la ter as a re la t ive of the magnes ian clay mineral , a t t apu lg i t e , 
( p p . 45, 46) derived f r o m the s u r f a c e a l te ra t ion and rep lacement of talc. 

T h e least a l tered example of the schistose count ry- rocks a t the s u r f a c e occurs 
in the open t rench a t the No. 3 adi t of D u n s t a n ' s ta lc mine, about 70 f t . f r o m 
a talc-albite deposi t . This rock has been analyzed (see t ab le I I I , No. 1 ) . I t is 
a biot i te-aet inol i te-quar tz schist which shows inc ip ient a l t e ra t ion of some of the 
bioti te and actinoli te , bu t i t is o therwise unal te red . The bioti te has a r e f r ac t i ve 
index of 1-630 in the basal p la tes a n d is, the re fore , s imilar in composi t ion to 
the analyzed bioti te. The act inoli te occurs in small p r i sms abou t 0-1 mm. long, 
and is pleocliroic f r o m pa le green to colourless and shows dis t inct amphibole 
cleavage. I t is much less a b u n d a n t t han the bioti te. The dominance of f e r r i c 
i ron over f e r r o u s i ron in the chemical ana lys is indicates t h a t the rock is some-
what affected by s u r f a c e oxidat ion. B y compar ison, an analyzed specimen of 
bioti te schist f r o m No. 1 d iamond-dr i l l bore (see t ab le I I I , No. 2) is qu i te 
unweathered . The two analyses show t h a t the schists associated with the ta lc 
deposi ts conta in a no tab ly h igher pe rcen tage of M g O (5 p e r cent) t han the 
average shale or mica schist (2 p e r cent to 3 p e r cen t ) . 

TABLE III 
Analysis No. 1 2 
S i 0 2 63-50 63-26 
A1203 14-20 13-98 
F'e203 4-15 2-02 
FeO 0-58 4-08 
MgO 5-08 5-28 
CaO 2-22 1-80 
N a 2 0 3-74- 2-84 
K 2 0 2-18 \ 3-28 
H 2 0 over 100°C 1-57 1-20 
HoO at 100°C '. . . 0-15 0-04 
TiO.) 1-71 1-47 
P^05 0-33 0-37 
Cl" 0-01 0-01 

99-42 99-63 

1. Biotite-aetinolite-quartz schist, from entrance of No. 3 adit, Dunstan's talc 
mine, Gumeracha. (Analyst: T. W. Dalwood.) 

2. Biotite-aetinolite-quartz schist, from core of a "boulder" at 109ft., No. .1 
diamond-drill bore, Dunstan's talc mine, Gumeracha. (Analyst: T. W. 
Dalwood.) 

Underground Exposures 
U n d e r g r o u n d work ings f r o m the No. 2 ad i t r a r e l y pene t r a t e a n y d is tance 

beyond the s u r f a c e of the h a r d "boulders" , so t h a t they general ly expose little 
beyond the sheath of albi te rock which envelopes the ta lc seams and which f o r m s 
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the outer zone.of the hard "boulders". In a few places, however, specimens f rom 
deeper in a "boulder" have been obtained, and f o r the most pa r t these are 
strongly albitized schists which were originally similar to those in the surface 
exposures. 

These rocks consist largely of albite and talc, but they retain a banded appear -
ance, owing to the elongation of the albite grains parallel to one another and to 
narrow bands of biotite that are parallel to the planes of schistosity in the 
original rock. In some of the bands the biotite is little altered, but in others it 
is part ial ly decolourized, and occasionally converted into phlogopite or largely 
replaced by talc. The previous presence of biotite is f requent ly recognizable 
by the colour and pleoehroism of the shreds that persist along the cleavages 
of talc. 

One specimen (D.T. 1) f rom the most easterly wall in the northern p a r t of the 
level below that shown in tig. 4, has the appearance , in the hand specimen, of 
a thinly bedded, sandy mudstone; but, in thin section it is found to consist 
essentially of minute platv crystals of greenish-brown biotite, generally less than 
0-05 mm. across, and of equally fine-grained, untwinned albite, which occurs as 
a mosaic of allotriomorphie grains. The original bedding planes are sometimes 
marked by brown limonitic bands, which contain coarse flakes of iron-stained 
biotite and chlorite, up to 0-5 mm. long, together with a little muscovite or talc. 
Isolated brown limonitic spots up to 0-5 mm. across have developed f rom the 
oxidation of disseminated pyri te , and are associated with large plates of talc. 
Other minerals in the rock are apati te , rutile, and phenacite. 

Diamond-Drill Cores 

Diamond-drill holes, bored horizontally f r o m the No. 3 adit, have passed 
through a series of talc seams. The position of the bores, and details of the 
cores, are given on pages 12, 21, and 22 in Mining Review No. 80 ( fo r the half-
year ended 30th June , 1944). The cores thus provide complete cross-sections of 
the "boulders" of country-rock that separate the talc seams. F r o m these it can 
be seen that the "boulders" have cores of only par t ly albitized biotite-quartz 
schists or biotite-aetinolite-quartz schists or quartzites, which pass ra ther abrup t ly 
near their margins into "sheaths" of albite rock. 

A chemical analysis of a little altered schist a t 109ft . in the No. 1 bore is 
given in table I I I , column 2, and shows that it is almost identical with the 
country schist at the entrance of the No. 3 adit (column 1) . 

While the hand specimens, of ten show a relatively sharp junction between the 
albite "sheaths" and the schists that f o rm the cores of the "boulder", there is 
an obvious gradat ion in some specimens over a distance of a few feet . Thin 
sections show that the change is always gradational , and tha t the schists in the 
interior of the boulders have invariably undergone par t ia l albitization, with a 
corresponding par t ia l al teration of biotite into talc. 

Thus, in a series of sections cut a t intervals of a few inches of the transi t ion 
f r o m schist to albite rock that shows between 77f t . 6in. and 80f t . 9in. f r om 
the collar of No. 2 bore, the least altered rock is a dark biotite-quartz schist 
containing small amounts of actinolite and chlorite. Occasional lenticles of clear 
albite with a few inclusions of biotite, rutile, and apat i te occur between the 
strongly developed bands of biotite. Sometimes, as in fig. 13, numerous ruti le 
crystals are embedded in these albite lenticles. In addition, there are numerous 
small composite areas of albite and talc scattered throughout and similar to 
those il lustrated in fig. 14. Some of these talc-albite areas are continuous with 
biotite, some are pseudomorphous a f t e r biotite, and some include residual patches 
of biotite or chlorite. 
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A f e w inches closer to the a lbi te rock, the lenticles of clear albite and associated 
ta lc a r e larger , and o f t e n include scat tered r emnan t s of biotite, together wi th 
rut i le , apa t i t e , and pyr i t e . The p y r i t e is id iomorphic and tends to occur in 
small s t r ings of py r i t ohed ra l crysta ls a long the schistosity: Some bands of the 
schists a re coarser gra ined than o thers ; and in the coarse bands where biot i te 
is largely a l tered to chlorite, there a re clots of re la t ively coarse crysta ls of 
tourmal ine . P y r i t e occurs in the immedia te vicini ty of the tourmal ine clots, 
and the a d j a c e n t chlori te contains a b u n d a n t fine sagenit ic webs of rut i le (see 
fig. 11) . 

Stil l closer to the albite rock, the t rans i t ion rock becomes l ighter in colour, and 
the una l te red biot i te is res t r ic ted to a f e w p rominen t n a r r o w bands across the 
section. The in te rven ing a rea consists chiefly of a fine-grained mosaic of albi te 
with minute flakes of talc, and g ra in s of ru t i le and apa t i t e . Occasional clots 
of tourmal ine crysta ls a p p e a r in albite, s imilar to those in the less al tered schists, 
and f r e q u e n t l y there a r e associated with them r e m n a n t s of coarse biotite flakes, 
or relics of the or ig inal bioti te in the f o r m of th in ru t i l e needles derived f r o m 
the t i t an ium of the biotite, and or iented in the direct ion of the original biot i te 
cleavages. 

Immedia te ly a d j a c e n t to the albi te rock, the a l tered schist is l ight coloured, 
with only thin ' l ines of biotite res iduals remain ing . I t consists essential ly of 
albi te with fine talc, a l i t t le res idua l quar tz , clots of coarse tourmal ine crystals , 
pyr i t e , and sometimes sagenit ic webs of rut i le ent i re ly embedded in albite. 

A number of thin sections cut f r o m other p a r t s of the bore all show this 
genera l charac ter . I n some, the biot i te is accompanied by actinoli te, bu t 
genera l ly the amphibole only f o r m s a minor component . 

Traces of a l te ra t ion of biot i te to chlori te a r e no t u n c o m m o n ; bu t the t r ans i t ion 
of chlori te to talc is no t so readi ly observed. The development of chlori te is 
o f t e n accompanied by the d ischarge of t i t an ium in the f o r m of fine ru t i l e needles 
a long the cleavages (see figs. 11, 12 ) . 

Albitized Quartzites 
W i t h increase in qua r t z and decrease in biotite, the schists g r ade in to quar tz i tes , 

which in the vicini ty of the ta lc lodes arts a lways more or less albit ized. T h e 
close association of the schists and quar tz i tes is best seen in the u n d e r g r o u n d 
work ings and in t he drill cores. 

Underground Exposures 
The locations of two specimens of albit ized quar tz i tes a r e shown in fig. 4. 

One (D.T. 4) f r o m the easter ly wall in t he southern p a r t of the u p p e r level of 
D u n s t a n ' s mine is a banded brown to whi te rock t h a t a p p e a r s to be a me ta -
somatized quar tz i te , in which the individual g r a in s of qua r t z a re r a re ly more 
than 0-5 mm. in length, wi th an average of 0-1 mm. or less. The q u a r t z g r a i n s 
a re a n g u l a r and inter locking, ind ica t ing t ha t they have been recrvstal l ized. 
M a n y -of them are cemented by albite, which varies in amoun t f r o m band to band 
in the section. The band ing is f u r t h e r marked by a difference in g r a i n size of 
the qua r t z g r a in s in successive bands . Occasional p la tes of greenish-brown biot i te 
a r e present , and there is a re la t ive abundance of minu t e crys ta ls of ru t i l e which 
tend to lie para l le l to the band ing . I n addi t ion, the re a r e occasional l a rge r 
crys ta ls of r u t i l e — u p to 0-3 mm. long—and of apa t i t e in wel l - formed p r i sms of 
the same dimensions, together wi th a little talc a n d phenaci te . 

The second specimen of p a r t l y metasomatized quar tz i t e (36) was obta ined 
f r o m the western wall of the u p p e r level. I t is a da rk rock, consis t ing of 
qua r t z g ra ins about 2-0 mm. and ra re ly more than 0-4 mm. long, which a r e 
e longated para l le l to t he bedding, g iv ing the rock a banded appea rance . The 
qua r t z g ra ins a re cemented together by clear a]bite, which is most ly un twinned . 
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The banding is f u r t h e r marked by the parallelism of minute biotite flakes, and 
in lessei* degree, ruti le prisms and colourless needles of hornblende. Numerous 
small crystals of pyr i te are present , and also occasional ragged grains of sphene. 
Sections a few inches away show an increase in the propor t ion of albite relative 
to quartz, as the dark quartzi te passes into a white albite rock. In these sections 
also, the narrow bands of biotite can be seen to pass laterally into equally 
narrow bands of talc, and in some eases the individual crystals of talc include 
shreds of biotite. 

» Diamond-Drill Cores 
A section of banded quartzite, at 186ft . in No. 1 drill core (118), clearly 

reveals that it is an altered sediment. The banding arises f r o m a repeated 
al ternat ion of fine-grained bands, in which the grain size averages about 0-05 mm., 
with coarser-grained bands, in which the grain size is between 0-2 mm. and 
0-5 mm. The finer-grained bands are distinctly richer in biotite flakes than the 
coarse bands; and there can be no doubt that the rock represents an original 
finely bedded association of sandstone and shale, which was reerystallized, and 
subsequently invaded by albitizing solutions, which replaced the quar tz and biotite 
in pa i t , al tering the biotite to talc, and cementing the residual quar tz gra ins 
together. The talc grains in the coai se-grained bands commonly contain cores 
of residual biotite. 

The transi t ion f rom albitized biotite-schist to albitized quartzi te can be 
observed in several sections (115, 116) f r o m this bore core, being marked by 
a decrease in biotite and an increase in quartz, relative to the amounts of these 
minerals in the typical schists. Such specimens have a hard, quartzite-like 
appearance in hand specimen, but are dark coloured owing to the abundance 
of fine biotite flakes in them, and can be refer red to as biotite-quartzites. As 
with the other rocks, they are extensively replaced by albite. 

Similar rocks occur in the No. 2" diamond-drill core. A specimen at 138ft . 
(108) is a fine-grained albitized biotite-quartzite, in which the quar tz has been 
replaced in p a r t by albite, and the biotite somewhat altered to talc. A specimen 
at 130ft . (119) shows a more advanced stage of replacement with a greater , 
development of talc, and less residual biotite. Small crystals of pyr i te occur 
abundant ly through the section. 

True quartzite, somewhat albitized, occurs in this drill core at 175ft . (106). 
This consists of angular , i r regular shaped grains, averaging about 0-2 mm. 
across, closely interlocking with one another. The albite occurs as i r regular 
intersti t ial patches, with some tendency to elongation in one direction, presumably 
the original bedding direction. The albite is cloudy, and speckled with sericite. 
Associated with it are shreds of chloritized biotite and flakes of chlorite, together 
with occasional flakes of talc and grains of rutile. Small pr ismatic gra ins of 
greenish-brown biotite are distr ibuted through the quartzi te where albite is absent, 
and show a parallelism suggesting original bedding. Locally they become more 
abundant , and fo rm bands approx imat ing to biotite-quartzite. 

Surface Exposures 
Similar banded albitized quartzi tes and albitized biotite-quartzites outcrop to 

the north of the talc deposits, in close proximity to them. They extend, more 
or less continuously, f r o m Duns tan ' s talc mine to the Torrens Mining Company's 
talc mine, and thence nearly to the Gumerac-ha-Birdwood road. The line of out-
crops is marked by prominent ridges, which owe their existence to the relative 
hardness of the quartzites as compared with the associated schists. 

I n the hand specimen, the quartzites commonly have a finely banded texture. 
I n some specimens the banding is marked by al terat ions of dark and light 
bands, corresponding to al terat ions of beds of quartzi te and biotite-quartzite. 
I n other specimens the banding is less distinct, and is marked by parallel 



elongat ion of the qua r t z g ra ins , and of in ters t i t ia l f e l s p a r gra ins , or lines of 
p i t s f r o m which the f e l s p a r has been weathered. The p r o p o r t i o n of the f e l spa r 
var ies g rea t ly f r o m place to place. I n some rocks it is p resen t in sufficient 
a b u n d a n c e to r ende r the rocks as f r i a b l e as normal sands tones where they are 
weathered. I n other specimens i t f o r m s only a minor component . 

Thin sections of the rocks reveal t ha t they are , general ly , s imilar to the 
qua r t z i t e s observed in the work ings and dril l cores. A section of banded quar tz i t e 
f r o m the r idge above Duns t an ' s talc mine (22) shows tha t it consists of an 
in ter locking agg rega t e of q u a r t z g ra ins wi th a lesser a m o u n t of f e l s p a r gra ins . 
The qua r t z shows elongat ion para l le l to t he banding , which is a reflection of 
fine bedding. The f e l s p a r g r a in s are comparab le in shape with the qua r t z gra ins . 
They include cloudy g ra in s with s imple tw inn ing and g ra in s wi th t a r t a n twinning , 
which a re ei ther orthoclase or microcline. Others a re clear, in places enclosing 
strongly1 b i r e f r i n g e n t fibres of talc or mica. There a r e also p re sen t a f e w 
flakes of muscovite which cannot , in all sections, be dis t inguished f r o m the talc. 
Occasional clusters of talc crysta ls a re p resen t , basal sections of which show 
a very small opt ica l axial angle, which dis t inguishes them f r o m the muscovite. 
L imoni te p seudomorphs a f t e r p y r i t e a r e scat tered th rough the rock. 

A section of finer-grained quar tz i t e f r o m nea r the T o r r e n s Min ing C o m p a n y ' s 
mine is genera l ly , similar, bu t contains r a t h e r more albite and talc dispersed 
th rough the rock. The qua r t z gra ins , which show para l le l e longation, a re r a the r 
finer-grained t han those in (22) . 

SURFACE ALTERATION OF THE TALC 

The talc bodies pers i s t to the su r face , except in so f a r as they a re covered 
by ta lus or a th in layer of soil. The tale genera l ly shows li t t le a l te ra t ion , a p a r t 
f r o m discolorat ion by f e r r i c oxide. I n the quar r i e s a t S tea t i t e Hi l l , however, 
a clay-like mineral ' occurs as ve ins—up to l i n . wide—along f r a c t u r e s and jo in t s 
in massive talc. These "veins extend f o r several f ee t below the t o p of the talc. 

The clay-like minera l is greyish in the hand specimen, but in thin sections 
a p p e a r s pa le -brown. The th in sections reveal scat tered crysta ls of albite a n d ' 
talc, and an occasional small g ra in of ru t i le included in large a reas of the clay-
l ike mineral . The minera l also occurs a long the cleavages of the talc, and less 
f r e q u e n t l y , a long f r a c t u r e s in the albite, while minu te needles of talc a re sparse ly 
scat tered in the l a rger a reas of the clay-like minera l . I t is obvious t ha t the 
clay-l ike minera l is derived f r o m the a l te ra t ion and rep lacement of the talc. 

The clay-like minera l is feebly pleochroic, showing a va ry ing in tens i ty of the 
pa le -brown colour on ro ta t ion . W i t h crossed nicols i t shows t races of a f ibrous 
charac te r wi th s t r a igh t ext inct ion. Po la r iza t ion colours r a n g e u p to reddish-
yellow of the first order , and by compar ison wi th the po la r iza t ion colours of the 
a lb i te in the same section, i ts b i r e f r i ngence is a p p r o x i m a t e l y 0-012. I n t e r f e r e n c e 
figures show t h a t i t is biaxial , wi th a very small op t ic axial angle and negat ive 
in charac ter . The lowest r e f r a c t i v e index lies between 1-490 and 1-495. 

This minera l was also observed in th in sections of n a r r o w pegmat i t i c veins of 
a lb i te t r ave r s ing ' the bioti te schists in two t rench-cuts on the nor th-western side 
of S tea t i t e Hi l l (see p . 40 ) . H e r e i t also a p p e a r e d to be r ep lac ing ta lc flakes 
associated with the albite. I t s occurrence in small amoun t s is p robab ly wide-
s p r e a d in n e a r - s u r f a c e exposures of talc. 
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Sufficient of the mater ia l was readi ly obtained f o r chemical analysis , and the 
fo l lowing analysis of a relat ively p u r e sample has been made by T. W. Da.lwood. 

Si0 2 63-08 
A1o03 11-71 
F e 2 0 3 2-76 
FeO 0-85 
MgO 9-70 
CaO 0-14 
N a 2 0 0-76 
K..0 0-14 
T i0 2 0-35 
P-,05 Nil 
H 2 0 10-60 

100-09 

1 The alkalis in this analys is indicate the amoun t of albi te p resen t in the 
sample . A f t e r the equivalent amoun t s of a lumina and silica f o r albi te a re 
subt rac ted , it is f o u n d tha t the analys is cor responds closely to the f o r m u l a 
2 M g O . A h O 3 . 8 S i O 2 . 6 H u O . 

The a lumina in this mineral is p re sumab ly derived f r o m weathered albite, and 
shows tha t the minera l is not a s imple res idual of decomposed talc. The presence 
of a lumina dist inguishes the mineral f r o m sepiolite ( 2 M g O . 3SiO„. 2 H 2 0 ) , while 
the p r o p o r t i o n s of magnes ia and a lumina a re widely different "from those of 
saponi te ( 9 M g O . A l 2 0 3 . 1 0 S i 0 2 . 1 5 - 1 6 H 2 0 ) . The neares t relat ive to the Gum-
eracha minera l is the magnes ian clay mineral , a t t apu lg i t e , described by J . 
de L a p p a r e n t . * A t t a p u l g i t e is represen ted as an isoinorphous series of mag-
nesian clays v a r y i n g between the l imits 2 M g 0 . 3 S i 0 2 . 4 H 2 0 (sepioli te) and 
A l 2 0 . , . 5 S i 0 2 . 6 H 2 0 (which is unknown in the p u r e state)". The Gumeracha 
minera l is thus a mix tu re of these two molecules in equal p ropor t ions , except 
f o r the f a c t t ha t i t conta ins less wa te r . I t also differs f r o m a t t apu lg i t e in 
hav ing a lower r e f r ac t i ve index and a much lower b i re f r ingence . 

GENESIS OF THE TALC DEPOSITS 
The b roade r regional f e a t u r e s govern ing the location of the talc-albi te deposi ts 

a re outs ide the p re sen t s tudy. P r e s u m a b l y the deposi ts m a r k the location of 
f r a c t u r e zones t ha t developed along a line of shear , p r i o r to, or dur ing , the 
per iod of metasomat ism. The deposi ts consist essential ly of three components , 
namely, albite, talc, and unrep laced albi t ized schist. A n y hypothes is as to the i r 
or igin mus t the re fo re account f o r the s imul taneous concent ra t ion of sodium and 
magnes ium tha t the masses of albite a n d talc represen t . 

P a r t of the sodium has been derived f r o m some external source. This is 
indicated b y the relat ively small amoun t of soda p resen t in the slightly meta-
somatized schists such as r ep resen ted by analyses 1 and 2 of table I I I / More-
over, the albite is f o u n d occurr ing in veins filling f r a c t u r e systems in the schist , 
and is accompanied by such minera ls as tourmal ine , apa t i t e , phenaci te , and 
py r i t e—mine ra l s no t normal ly p re sen t in the schists to the same degree as in 
the s t rongly albitized rocks. These f a c t s suggest tha t the soda was derived, in 
p a r t , f r o m hydro the rma l solutions, o r ig ina t ing f r o m deeper- ly ing sources. T h e 
presence of large pegmat i t e bodies—locally r ich in albi te f e l s p a r — i n the 
Gumeracha distr ict , abou t 2 miles nor th-west f r o m Duns t an ' s talc mine, appea l s 
to accord with this view. • 

The possible sources of the magnes ium are ei ther (1) der ivat ion f r o m the 
bodies of country-rock tha t previously occupied the p lace of the tale deposits , 
o r (2) in t roduct ion f r o m some externa l source. The peno log ica l s tudy of the 
ta lc rocks has demons t ra ted the complete absence of any bodies of basic igneous 

* De Lapparent, J., Comptes Rendus 201, 1935, 481. 
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rocks or of dolomite f r o m which the magnes ium might have been obta ined. I t 
showed, however, t ha t the talc has la rge ly rep laced biot i te schists s imilar to 
those t ha t now enclose the deposits . Unrep laeed r e m n a n t s of the schists have 
been encountered a t a number of po in t s in D u n s t a n ' s talc m ine ; and remnants 
of biot i te flakes, more or less completely replaced by talc, are p resen t in all 
but the highest g r a d e of talc. 

The chemical analys is of the biotite has shown tha t it is an i ron-magnes ium 
variety, modera te ly rich in magnes ium. The bioti te in several other examples 
of biotite schist has been proved to have a s imilar r e f r ac t i ve index to the 
analyzed sample , and can, the re fore , be regarded as having a s imilar chemical 
composi t ion. I t is clear, t he re fo re , tha t a p ropo r t i on of the magnesium in the 
ta lc must have been derived f r o m the bioti te of the replaced schist. The two 
analyses of the biot i te-quar tz schists in the ne ighbourhood of the talc deposi ts 
of D u n s t a n ' s ta lc mine show tha t the MgO content of the schists is about 5 p e r 
cent, sufficient to p roduce a body of p u r e talc of abou t % or % of the volume 
of a given body of schist. 

No other source of the magnes ium is a p p a r e n t in the su r round ing rocks. A 
t race of dolomite has been f o u n d in the talc, in the f o r m of a shor t and n a r r o w 
lens, or vein, of dolomite ; bu t no t race of previous ly exist ing dolomite or basic 
igneous rocks has been f o u n d ei ther at t he su r f ace or in the workings . 

The possibi l i ty t ha t a p r o p o r t i o n of the magnes ium was introduced f r o m an 
externa l source, in hydro the rma l solution, a long with the soda seems unlikely 
in view of the re la t ive incompat ib i l i ty of soda and magnesia, and the r a r i t y of 
records, elsewhere, of talc as a vein minera l . As H a r k e r po in t s out* "magnes ia 
. . . is selectively t aken out (of the residual m a g m a ) in the earl ier s tages of 

crystal l izat ion . . . with the resul t t ha t the res idua l m a g m a in the final s tage 
is normal ly devoid of magnes ia . This is no t to be f o r g o t t e n when magnes ian 
solutions, of magmat ic or igin, a re invoked." 

The in t ima te association of albi te and talc leaves no doubt t ha t they a re 
genet ical ly re la ted, a n d t h a t it was the react ion of the hydro the rma l sodic solutions 
with the bioti te schists t ha t gave r ise to the a lbi te on the one hand , and to the 
talc on the other . The a l te ra t ion of the biot i te seems to have followed dif ferent 
pa ths . Mostly, the change to ta lc a p p e a r s to have been direct , involving the 
subs t i tu t ion of soda f o r po t a sh and the removal of i ron. 

Biotite + quartz + soda albite + talc + potash + iron 

I n some instances, the bioti te was changed first to ph logopi te—los ing only its 
i r o n — a n d then the ph logop i t e al tered to talc. Possibly, a local concentra t ion 
of f luorine de termined the f o r m a t i o n of phlogopi te , because ph logopi te has a 
h igher fluorine content than bioti te. This fluorine, and the fluorine in the 
apa t i t e , may be p a r t l y derived f r o m the hydro the rmal solutions. Sometimes the 
biot i te changed f irs t to chlorite, which is capable of pers i s t ing in the talc bodies 
to a g rea te r degree than bioti te. T h e iron and potash f r o m the biotite have 
been removed f r o m the sphene in the res idual so lu t ions ; bu t some iron was 
p rec ip i t a t ed as py r i t e , p r e s u m a b l y th rough react ion with a small amoun t of 
in t roduced s u l p h u r t ha t accompanied the hydro thermal solution. 

The t i t an ia in the biotite, which amoun t s to 3-12 per cent in the analyzed 
sample , f o u n d no place in the ta lc or albite. The pauc i t y of lime in the rocks 
p reven ted the f o r m a t i o n of more than a small a m o u n t of sphene, so t ha t the 
bu lk of the t i t an ia was p rec ip i t a t ed as rut i le . The separa t ion of the ru t i le f r o m 
the bioti te and chlori te can be direct ly observed in the f o r m a t i o n of the sageni t ic 
webs of ru t i l e in these minera ls (see figs. 11 and 12) , and occasionally the 
sageni t ic webs a r e preserved in albite. More o f t e n the rut i le recrvstal l ized and 
f o r m e d larger , s t u m p y , p r i sma t i c crystals . 

* Harker, Alfred, Metamorphism: Methuen & Co., p. 135, 1932. 
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There is very little evidence of excess silica in the format ion of these tale 
deposits. Traces of quartz, (Deposited a f t e r the albite, occur in the albite rock. 
Rarely, a nodule of quar tz or a small segregation vein, of quartz occurs in the 
marginal zones. 

I t might be thought tha t the belt of quartzites, ad jacent to the talc deposits 
on their nor thern side, might owe its quartzit ic character to deposition of excess 
silica f rom the solutions giving rise to the talc deposits, but certain considerations 
show that the amount of silica added to these rocks was probably small in 
comparison with the amount of soda introduced into them. It is a fea tu re of 
many specimens of the quartzites that the interlocking quar tz grains are elongated 
parallel to the bedding of the rocks. I n view of the absence of foliat ion in the 
tale bodies, this elongation can only be in terpreted as a fea tu re induced in the 
quartzites dur ing the recrystallization of the original sediments under the regional 
pressure tha t gave rise to the biotite schists, p r io r to the format ion of the tnlc 
deposits. - This means that the quartzites are to be regarded as a pr imary sand-
stone format ion, and not as a secondary metasomatic format ion, despite the 
considerable albitization they have undergone in places. 

I t is also necessary to account fo r the varying distribution of the talc and 
albite in the deposits. The talc was formed f rom the mica in situ—as is evidenced 
by the numerous remnants of mica in the talc—so that whi'e the talc must have 
been segregated, it cannot be pictured in the main as crystallizing f rom solution, 
but must be regarded as a recrystallized residue a f t e r other minerals have been 
removed by a process of "metasomatic leaching". The crystallization of talc 
f r o m solution is, however, not wholly absent, as occasional stellate groups of 
tale leaves occur with coarse albite in the small pegmatit ic veins. Possibly the 
nar row seams or veins of columnar talc in the marginal zones have also formed 
by crystallization f r o m solution. 

The albite, on the other hand, is in a sense a chemically precipi ta ted mineral, 
since the soda was brought in by hydrothermal solutions which attacked . the 
schists, dissolving out the alumina, iron, and potash f r o m the biotite, and silica 
f r o m both biotite and quartz . The iron and potash, and any excess alumina and 
silica, were carried away in the solution; while a propor t ion or most of the 
alumina and silica, in combination with the introduced soda, precipi ta ted as 
albite. The precipi tat ion was not necessarily immediate, however. Where the 
sodic solutions were soaking into the schists through restricted channelways, 
such as bedding planes, the albite was presumably deposited soon a f t e r the 
constituents were available f o r chemical combination, as a t rue metasomatic 
mineral. Where , however, channelways were available which permitted f r e e r 
movement, the dissolved constituents of the albite moved some distance before 
they crystallized as such. This is proved by such occurrences as veins of 
relatively pure albite filling f rac tu res in only slightly albitized schist, and by 
veins of albitic pegmati te occurring under similar circumstances. There must, 
therefore, have been a tendency f o r the albite constituents in solution to move 
away f r o m the residual talc—in the same way as the more soluble iron and 
potash did—and the escape of the albite f r o m the deposit was only prevented 
by fa l l ing tempera ture causing an onset of crystallization. 

This movement of the albite in solution must have led, concomitantly, to some 
segregation of the residual talc and, presumably, the bodies of relatively pure' 
talc grew in width as the sodic solutions migrated f a r t h e r and f a r the r f r o m 
their channelways into the schist. One might picture the sodic solutions passing 
outwards more or less as a wave of solution f r o m the channelways by which it 
first entered the schists, leaving behind it a growing body of talc, and pushing 
before it a volume of solutions which carried away the soluble elements having 
no place in the newly-formed minerals. 
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The removal of albite f r om the talc must be related to the shrinkage in volume 
that accompanied the development of massive talc f rom the biotite schists, f o r 
the volume of the talc is not more than a f i f th of the volume of the replaced 
rock. This decrease in volume can be regarded as a compaction under external 
pressure, which may have been in the na ture of a shear. The absence of 
pronounced fol iat ion in the talc deposits suggests, however, that the shearing 
component of any external pressure was small. 

The tendency f o r the albite constituents to migrate in solution—prior to 
crystall ization—and the f ac t that residual solutions definitely migrated away 
f r o m the talc-albite zone, carrying dissolved material with them, will also account 
f o r the unequal development of talc and albite in different deposits. There is, 
f o r example, a distinct concentration of albite to the relative exclusion of talc 
a t the south-eastern end of the Steati te Hil l deposit. On the other hand, where 
conditions hindered the migrat ion of the albite constituents, -a talc deposit has 
been produced in which the tale is associated with a large propor t ion of dis-
seminated albite, as a t Por te r ' s talc quarry . (7 /12 /45 . ) 
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Chapter 3 

B E N E F I C I A T I O N O F G U M E R A C H A T A L C 

BY 

D . R . BLASKKTT, B . E . ( A S S I S T A N T R E S E A R C H O F F I C E R ) 

(JOINT INVESTIGATION OF THE COUNCIL FOR SCIENTIFIC AND 
INDUSTRIAL RESEARCH AND THE SOUTH AUSTRALIAN SCHOOL 
OF MINES AND INDUSTRIES—REPORTS FROM THE BONYTHON 
LABORATORY, NEW SERIES No. 167, C.S.I.R. No. 152) 

GENERAL 
At the reques t of the South Aus t ra l i an D e p a r t m e n t of Mines an extensive 

p r o g r a m m e of tes t ing has been pursued f o r means of p roduc ing high-grade talc 
concentra tes f r o m local deposits . This r e p o r t gives the resu l t s of work on a 
sample f r o m the deposi ts of J o h n D u n s t a n &. Son ( W . A . ) Ltd. , s i tuated a t 
Gumeracha , South Aus t ra l i a . 

SAMPLE 
The sample of ore used f o r this invest igat ion was described as run -o f -mine 

ore, and a l though the bulk of it a p p e a r e d to be good qual i ty , there were occasional 
pa tches of i ron-s ta ined mater ia l . 

A sample of the mater ia l , as received, was analyzed by T. W . Dalwood with 
the fol lowing r e su l t s : 

Si0 2 61-98 
A120., 2-71 
FeoOa 0-76 
FeO 1-70 
MgO 26-82 
CaO 0-22 
N. i 2 0 1-42 
K„0 nil 
I-I20 over 100°C 4-20 
HoO at 100°C 0-16 
T i b , 0-13 
P20"5 0-13 
S as sulphide 0-09 

100-32 
Less oxygen equivalent to S 0-03 

1 0 0 - 2 9 

The p r inc ipa l minera l cons t i tuen ts of the ore a r e talc, a lbi te f e l spa r , chlorite, 
bioti te, apa t i t e , rut i le , pyr i te , and i ron oxides. The T i O , analys is gives t he 
a m o u n t of ru t i l e p resen t . The P 2 0 5 enables the amoun t of a p a t i t e to be cal-
culated, and the r ema in ing CaO together wi th the N a 2 0 may then be considered 
as combined to f o r m the albite. I n this w a y the fo l lowing a p p r o x i m a t e minera l 
composi t ion was ca lcu la ted : 

per cent 
Albite 12-4 
Apatite 0-3 
Rutile 0-13 
Pyrite 0-17 

The rema in ing 87 p e r cent is p r inc ipa l ly ta lc wi th minor amounts of chlorite, 
biotite, and i ron oxides. 

BENEFICIATION 
Two means of beneficiation were inves t iga ted : 

( a ) D r y g r ind ing fol lowed by classification. 
(b ) W e t g r i nd ing fol lowed by flotation. 
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D r y g r ind ing is adopted almost universal ly in p l an t s p r e p a r i n g talc f o r 
marke t , and in most cases no a t t e m p t is made to remove a n y impur i t ies . 

T a g g a r t in Handbook of Mineral Dressing, p p . 6-49, s ta tes t ha t all t ypes of 
fine-grinding mills a r e used f o r talc, e.g., ball mills, pebble mills, rolls, r ing-rol l 
mills, buh r mills, hammer mills, etc. I n order to improve g r ind ing efficiency 
i t is cus tomary to ope ra t e the mill in closed circuit with a classifier of the 
Gayco S t u r t e v a n t or Raymond whizzer type . 

Accord ing to H . S. Spence, "Talc , Steat i te , and Soaps tone , " Can. Dept. of Mines 
Bull. No. 803, the p r e f e r r e d types of mills f o r h igh-grade talcs a re silex-lined 
pebble mills, R a y m o n d high-side roller mills or Wi l l i ams rol ler mills. The more 
recent ly developed "micron ize r" has had a f e w l imited app l ica t ions in fine-
g r ind ing of talcs f o r special purposes , bu t the cost of "microniz ing" excludes 
i ts use f o r a n y t h i n g bu t the h igh-pr iced produc ts . 

The general ized flow sheet shown in fig. 1 ( reproduced f r o m Spence) shows 
the a l te rna t ive types of equ ipment in common use. 
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In some dry mills it will be noted that some coarse material is segregated in 
the fine-grinding circuit and sold as a separate granular product . This does 
not necessarily imply that the talc is preferent ia l ly ground, although in cases 
where the gr i t has a relatively coarse grain size, a better grade of fine talc may 
be produced by this means. In most cases this procedure would result in the 
rejection of much talc in the granular product . 

The relative grindabilities of minerals may differ according to their origin, 
and fu r the r variat ions may arise according to the type of gr inding mill. F o r 
example, in a ball or pebble mill the forces which play the main p a r t in gr ind-
ing are impact and at t r i t ion, while in a ring-roller mill forces of compression 
and at tr i t ion are the pr incipal agents. As will a p p e a r later, the wri ter 's tests 
showed that under the conditions of pebble-mill gr inding in the laboratory the 
coarse talc flakes are more resis tant to gr inding than the fe lspar grains, and in 
consequence .no useful beneficiation could be achieved by this means. Whether 
this same conclusion would be reached on tests in a ring-roll type of mill can-
not be decided at present as the wri ter has no laboratory facilities fo r making 
such a test, but other considerations lead to the opinion tha t any re ject which 
could be made by such a process would contain a large propor t ion of talc and 
nothing approaching a clean separat ion could be obtained. F o r efficient fine 
gr inding the fines should be removed as they are made since if l e f t within the 
mill they give a cushioning effect and dissipate much of the energy input . 
This is achieved in a pebble mill by providing an air velocity through the mill 
sufficient to carry away the maximum sized particle permit ted in the product , 
or by providing a velocity in excess and using an external separa tor f r o m which 
the oversize material is re turned to the mill. In a Raymond high-side mill or 
Will iams roller mill a similar effect is obtained by a separa tor built into the 
machine above the gr inding chamber. The separat ion in either case depends 
essentially on the relative sizes of talc and gr i t part icles with the same settling 
relocities, and experiments described later indicate tha t unless there is a big 
difference, between the sizing of talc and gr i t part icles a f t e r a single pass 
through the gr inding unit , gr i t can only be rejected at the expense of a propor-
t ionate amount of tale. 

Ladoo, U.S. Bureau of Mines Bull. 213, s ta tes : " W e t gr inding of talc has 
not been used commercially a t least in the United States, although some experi-
mental work on it has been and is being done. The advantages tha t might be 
gained are as fol lows: the product ion of a finer-grained product with less con-
sumption of power ; the ability to use water classification f o r sizing and f o r 
removing impur i t ies ; an oppor tuni ty to remove iron stains by bleaching or to 
improve the colour by adding blue dyes. I r on staining may be minimized by 
gr inding in silex-lined pebble mills or by acid bleaching. The problem of drying 
and disintegrat ing finely ground material is common in the clay, ochre, barytes 
and other industries, and progress is being made in improving drying methods. 
The system of drying by spray ing into a heated chamber does away with the 
expense and inconvenience of repulverizing and resizing. 

" W e t gr inding has the f u r t h e r advantage of permit t ing water classification or 
flotation methods f o r the removal of impurit ies. 

"The most expensive stage in Wet t rea tment is tha t of drying the filtered 
product , but this is offset by the f ac t that no dry ing of crude ore is necessary 
and the cost of wet gr inding and water separat ion is lower than that of dry 
grinding. I t is claimed tha t the total cost per ton of finished product is no 
higher by wet methods than by methods now in use and tha t a finer, cleaner 
product can be made." 

Gillson, "Talc, Soapstone and Pyrophyl l i te ," A.I.M.E. Industrial Minerals and 
Bocks, 1937, says : " W e t grinding, classifying, and concentrat ing is under test 
at various p lants and it is probable that these methods will replace the dry 
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methods r a the r general ly . W e t gr ind ing , with pebble mills, in series with wet 
classifiers and hydrosepa ra to r s , could rep lace the p re sen t methods . This equip-
ment is a l ready instal led a t H e m p , N.C., and is being considered elsewhere. An 
u rge to a d o p t wet methods is being given by the wish to avoid silicosis hazards . 
F l o t a t i o n as a method of concen t ra t ing talc has been seriously tested. Tests 
have been conducted a t Rolla , Mo., by the U.S . B u r e a u of Mines in co-opera t ion 
with a leading V e r m o n t p roducer . A h igh-grade ta lc was made , and the low-
valued 'g r i t ' f o r m e r l y sold f o r roofing, was conver ted to h igh-grade magnes i te 
which m a y have rea l value. Tests ab road by T a n g a n y i k a Concessions have 
shown tha t a magnesi te- ta lc rock can be benefieiated by flotation.. Other tes ts 
have been conducted in C a n a d a . " 

F lo ta t ion tests on a talc conta in ing dolomite made a t t he ore-dressing labora-
tories of the D e p a r t m e n t of Mines, Canada (Mines Branch Report 736, p p . 
231-234) reduced the lime content f ronv 5-7 p e r cent to 0-5 p e r cent CaO. F o r 
p u r p o s e s of compar ison, d ry g r i nd ing tests were made both in the l abora to ry 
and in commercial uni ts . A tes t on an 80-lb. sample in a R a y m o n d 00 pulver izer 
wi th an au tomat ic throw-out gave 63 lb. of finished p r o d u c t con ta in ing 4-3 p e r 
cent CaO, and 17 lb. of r e jec t mater ia l con ta in ing 13 pe r cent CaO. In this 
case the p r o j e c t was abandoned because buyers contended t ha t the talc a l though 
benefieiated to meet the i r specifications as r ega rds chemical analysis did not 
possess the sl ip quali t ies of ei ther I t a l i a n or Span i sh talc. 

F lo ta t ion tes t ing of ta lc has also been carr ied out by the Uni ted S ta tes 
B u r e a u of Mines in co-opera t ion with producers , and as a resul t of their work 
a pi lot p l a n t was instal led a t Johnson , Ve rmon t , in 1937, and increased to five 
t imes i ts capac i ty in 1938. The B u r e a u of Mines tes ts indicated t h a t a flotation 
concent ra te 94-8 pe r cent ta lc could be made. 

A talc-magnesi te ore f r o m the S u d a n has also been t r ea ted successfully by 
flotation (U.S. Bureau of Mines, Mineral Trade Notes, vol. I , No. 3 ) . 

The p l a n t of the E a s t e r n Magnes ia Talc Co. is described in Pit and Quarry, 
vol. 32, p p . 28-30, October 1939, and also in Deco Trefoil, F e b . 1940. " T h e 
flotation process ," i t is s ta ted, "was inco rpora t ed in this p l a n t due to the inabi l i ty 
of the dry-mil l section to p rof i tab ly meet t he demand of chang ing marke t 
requirements , and to p roduce a super io r g r ade of p roduc t . The flotation section 
acts as a scavenger un i t t ak ing the r e j ec t s of the dry-mil l section. I t is t r ea t -
ing mater ia l which was fo rmer ly discarded or s tockpiled and recovers talc which 
canno t be recovered in the d r y p l a n t . The wet section of this p l a n t consists 
essential ly of tables to recover a nickel-cobalt su lphide concent ra te fol lowed by 
flotation cells to s epa ra t e ta lc f r o m magnesi te . The ta lc concent ra te is filtered 
on a r o t a r y vacuum filter a n d dr ied in a Ruggles-Coles r o t a r y dryer . T h e filter 
cake contains 20 p e r cent mois ture , and the f u e l consumpt ion in the d r y e r is 
abou t 15gall. pe r ton of dr ied ma te r i a l . " 

A simplified flow sheet of the complete d r y and wet p l a n t is shown in fig. 2. 

A considerable amoun t of flotation tes t work has also been carr ied ou t by 
the U.S . B u r e a u of Mines in co-operat ion wi th the W . H . Loomis Talc Co. on 
ta lc ores f r o m Gonverneur , N.Y. Three p r inc ipa l t y p e s of ta lc o re were tested, 
t remoli te talc ore, l imey ta lc ore, and green ta lc ore. The ores con ta in ing fibrous 
ta lc and those con ta in ing t remoli te and calcite were difficult to separa te , whereas 
those con ta in ing fo l ia ted ta lc and qua r t z were easy to floaty P i n e oil was suit-
able f o r fo l ia ted talcs, bu t r eagen t s of t h e amine t y p e were more sui table f o r 
f ibrous talc. 

DRY GRINDING OF TALC 
A sample of the talc, as received, was crushed in a ch ipmunk crusher and 

rolls to minus 30 mesh. The minus 30-mesh mate r ia l was then sized into six 
f r a c t i o n s by t r e a t m e n t in the l abo ra to ry F e d e r a l dus t classifier. 
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Samples of each of these f r ac t ions were examined under the microscope to 
de termine the average par t ic le size and to no te any subs tant ia l difference in 
mineralogical composi t ion. The resul ts of these observat ions a r e presented in 
table I . The size r ange quoted f o r each f r a c t i o n r ep resen t s t ha t of the bulk 
of the sample . I n all cases a cer ta in amoun t of o v e r l a p p i n g occurred. 

T A B L E I 

Fraction Size range Weight 
Cumulative 

weight 

microns per cent per cent 
Al . . . . 0-10 1-6 1-6 
A2 . . . ' . 8-15 2-3 3-9 
A3 . . . . 15-30 2-5 6-4 
A4 . . . . 30-50 10-8 17-2 
A5 . . . . 50-100 25-6 42-8 
A6 greater than 100 57-2 100-0 

The finest f r ac t i on , A l , was definitely much da rke r in colour than the o ther 
f r ac t ions , indica t ing evidently t ha t some concent ra t ion of the da rke r minera l s 
( rut i le , biotite, a n d pyr i t e ) had occurred in this f r ac t i on , bu t the weight of this 
fine mater ia l (1-6 p e r cent of the total sample) would not be sufficient to br ing 
about any apprec iab le improvement in the colour of the remainder . A qual i ta-
t ive microscopic examinat ion of these samples immersed in a media of r e f r ac t i ve 
index 1-58 indicated t ha t unde r the above condit ions of c rush ing there was no 
usefu l concent ra t ion of the albi te f e l s p a r in any size f r a c t i o n . A more com-
prehensive p lan was then d r awn u p with the objec t of tes t ing the possibi l i ty 
of r emoving g r i t and improv ing the colour by g r ind ing fol lowed by c lass i fy ing 
in the F e d e r a l dus t classifier. 

A sample of the minus 30-mesh mater ia l was graded , by screening and, dus t 
classification, in to six f r ac t ions , each of which was examined and the pe rcen tage 
of non- ta lc par t ic les est imated by par t ic le counts. 

The sample was t hen g round in a l abora to ry pebble mill f o r i hr . and the 
p roduc t was t rea ted in the dus t classifier to remove the fines, while i of t he 
classifier r e j ec t was set aside f o r screening and microscopic examina t ion of the 
f r ac t ions . 

The r ema in ing 5 of the classifier r e j ec t was g r o u n d a f u r t h e r i hr . in t he 
pebble mill and sampled as above, i.e., the fines were all removed, J of the 
classifier r e jec t set aside f o r screening by microscopic examinat ion , and the 
remain ing J of the classifier r e j ec t was p u t back in the pebble mill f o r f u r t h e r 
g r ind ing . 

This process was repea ted f o r per iods of i hr . , 1 hr. , and 2 hr . in succession, 
mak ing the to ta l g r i nd ing per iods equal to i hr . , J hr. , 1 hr . , 2 hr. , and 4 hr . 

The sizing of the samples a f t e r each s tage of g r i nd ing is set out in tables 
I I to V I I . 

TABLE II 
N o GRINDING 

Size 
Upper size 

limit Weight 
Estimated 
non-talc 

Distribution 
of non-talo 

microns per cent per cent 
Plus 48 mesh — 41-3 15 39 

48/100 295 16-Q 12 12 
100/200 147 17-3 7 8 
200/325 74 5-2 20 6 

Minus 325 sand 44 14-1 25 23 
Fine dust 20 • 5-5 35 12 

Composite 100-0 16 
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T A B L E I I I 

1 5 M I N . GRINDING 

Size 
Upper size 

limit Weight 1 
Estimated 
non-talc 

Distribution 
of non-talc 

Plus 48 mesh 
48/100 

100/200 
200/325 

Minus 325 sand 
Fine dust 

microns 

295 
147 

74 
44 
20 

per cent 
28-3 
23-8 
21-8 

7-3 
14-2 
4-6 

per cent 
12 
16 
8 

14 
20 
30 

24 
27 
12 

7 
20 
10 

Composite 100-0 14 

TABLE IV 
3 0 M I N . GRINDING 

Size 
Upper size 

limit Weight 
Estimated 
non-talc 

Distribution 
of non-talc 

Plus 48 mesh 
48/100 

100/200 
200/325 

Minus 325 sand 
Fine dust 

microns 

295 
147 

74 
44 
20 

per cent 
18-1 
2 6 0 
26-3 

8-3 
19-3 
2-0 

per cent 
10 
16 
9 

10 
16 
19 

14 
33 
19 

6 
25 

3 

Composite 100-0 13 

TABLE V 
6 0 M I N . GRINDING 

Size 
Upper size 

limit Weight 
Estimated 
non-talc 

Distribution 
of non-talc 

Plus 48 mesh 
48/100 

100/200 
200/325 

Minus 325 sand 
Fine dust 

microns 

295 
147 
74 
44 
20 

per cent 
7-4 

22-4 
29-6 
10-6 
27-6 

2-4 

per cent 
8 

12 
8 

10 
12 
15 

6 
26 
23 
10 
31 
4 

Composite 100-0 11 

TABLE VI 
1 2 0 M I N . GRINDING 

Size 
Upper size 

limit Weight 
Estimated 
non-talc 

Distribution 
of non-talc 

Plus 48 mesh 
48/100 

100/200 
200/325 

Minus 325 sand 
Fine dust 

microns 

295 
147 
74 
44 
20 

per cent 
1-0 

11-2 
25-6 
11-2 
44-1 

6-9 

per cent 
4 
3 
5 
8 

11 
12 

0-5 
4 

15-5 
11 
59 
10 

100-0 8 
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T A B L E V I I 

2 4 0 M I N . GRINDING 

Size 
Upper size 

limit Weight 
Estimated 
non-talc 

Distribution 
of non-talc. 

microns per cent per cent 
Plus 48 mesh — 0 1 — — 

48/100 295 0-4 — — 

100/200 147 5-7 3 2 
200/325 74 5-2 5 4 

Minus 325 sand 44 42-0 6 35 
Fine dust 20 46-6 9 59 

Composite 1000 7 

The above tables show tha t unde r the condit ions of g r i nd ing in a pebble mill 
in the l abora tory , the general tendency is f o r the non- ta lc par t ic les to be g round 
more readi ly t han the talc. This, no doubt , can be a t t r i bu t ed to the greasy 
n a t u r e of the ta lc flakes as compared with the more br i t t le f e l s p a r gra ins . 

The t abu la ted da t a show a concent ra t ion of g r i t in the finer f r a c t i o n s bu t the 
differences a r e insufficient to give a n y apprec iab le beneficiat ion if the fines were 
to be separa ted . 

Table V I I I shows the da t a of tables I I - V I I recalculated on the basis of t h e „ 
or ig inal weight of sample, and presented so as to exhibi t more clearly how the 
g r i t content behaves. The figures show the g rade of p r o d u c t and the recovery 
of talc which could be obta ined by a g r i nd ing t r e a t m e n t fol lowed by re jec t ion 
of the finer f r ac t i on . Thus, in t he column headed 44 microns will be f o u n d the 
g rade and recovery of talc which could be obta ined by r e j ec t ing all m inus 
44-micron mater ia l . 

TABLE VIII 

Minimum size retained, microns 

20 44 74 147 295 

per cent per cent per cent per cent per cent 
No Recovery of talc 96 83 78 59 42 

grinding Non-talc in product 15 13 12* 14 15 grinding 
Rejection of non-talc . . . . 12 34 40 48 61 

15 min. Recovery of talc 92 80 73 50 28 
grinding Non-talc in product 13 12 12 14 12 grinding 

Rejection of non-talc . . . . 21 39 45 56 79 

. 30 min. Recovery of talc 90 73 65 40 17 
grinding Non-talc in product 12 1H 12 13 10 grinding 

Rejection of non-talc . . . . 25 44 49 63 89 

60 min. Recovery of talc 89 64 54 27 7 
grinding Non-talc in product 10 9* n 11 8 

96 
grinding 

Rejection of non-talc . . . . 31 54 61 77 
8 

96 

120 min. Recovery of talc 83 45 35 11 1 
grinding Non-talc in product 8 0 4A 3 4 grinding 

Rejection of non-talc . . . . 43 80 87 97 99 

240 min. Recovery of talc 45 8 4 — — 

grinding Non-talc in product 6 i 4 3 — — grinding 
Rejection of non-talc . . . . 77 97 99 
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F o r instance, if the sample were g round equivalent to the 15-min. l abora to ry 
g r i n d and minus 44-micron mate r ia l s epa ra t ed out, t h e p r o d u c t coarser t h a n 
44 microns would contain 80 pe r cent of the to ta l ta lc and would c a r r y an 
es t imated non- ta lc content of 12 as compared with 16 p e r cent in the or iginal . 

The best resul t recorded in the table would a p p e a r to be t ha t cor responding 
to re jec t ion of minus 20-micron mate r ia l a f t e r 120 min. g r ind ing . I n this case 
the g r i t content was halved and the tale recovery was 83 pe r cent. 

I n genera l , however, it m a y be said t ha t t ak ing into account economic con-
siderat ions, there is litt le hope of af fec t ing a ve ry use fu l beneficiation by this 
means. The idea of r e j ec t i ng very fine dust , r ep re sen t ing the expend i tu re of 
much energy in g r ind ing is no t appea l ing . I f it were a ma t t e r of colour alone, 
the fine dus t migh t be sui table f o r use in f ace -powders where colour is not so 
i m p o r t a n t , while r e t a in ing the coarser f r a c t i o n f o r marke t s spec i fy ing good 
colour mater ia l , bu t the high non- ta lc content of the fine dus t would p robab ly 
m a k e i t unmarke tab le . 

F u r t h e r confirmation of the f a c t t ha t the ta lc is more res is tant to g r ind ing 
than the f e l spa r , etc., was obta ined f r o m the fo l lowing test . Three samples of 
c rude ore were t aken and the minus 44-micron mater ia l separa ted . 

(1) From the original sample. 
(2) From a sample ground for 30 min. in a pebble mill. 
(3) From a sample ground for 60 min. in a pebble mill. 

These samples of minus 44-micron mater ia l were analyzed f o r MgO and 
showed respect ive ly : 

MgO in fines 
per cent 

No grind 28-8 
30 min. grind 28-1 
60 min. grind 27-2 

This shows clearly t ha t there is a progress ive degrada t ion in the fines and a 
co r respond ing enr ichment of the coarse f r a c t i o n as g r ind ing progresses . 

I t m a y be argued tha t pebble-mill g r i nd ing as prac t i sed in the l abora to ry 
would p roduce a p roduc t very dissimilar to t ha t of a r ing-rol ler mill or s imilar 
machine, and t ha t the l abora to ry scheme of g r a d i n g by screening and c lass i fy ing 
would no t imi ta te t ha t of a commercial dus t -c lass i fy ing uni t built in to the g r ind-
ing circuit . W i t h r ega rd to the first poin t , it is p roposed t ha t a small l abora to ry-
uni t , wi th s imilar act ion to t ha t of the r ing-rol l t y p e of mill, shall be constructed. 
I n respec t to the differences between g r a d i n g by screening and by c lass i fy ing , 
l abo ra to ry tests have indicated t ha t despi te the marked differences in shape 
between talc and f e l s p a r gra ins , there is no t a vei;v marked difference in the 
average par t ic le d iameters of talc and f e l s p a r in a classified f r a c t i o n made f r o m 
a mix ture . (The l abora to ry tests, on which this conclusion is based^ a re r epor ted 
la te r . ) I f then i t is supposed t h a t the tale is p r e f e r en t i a l l y g round in a r ing-
roll mill it would still be necessary to c lass i fy out t he h a r d e r g r i t f r o m the 
g round mater ia] , and i t would a p p e a r impossible to do this wi thou t t a k i n g out 
a la rgo amount of talc wi th it. Suppose , f o r instance, t ha t it is a r r anged t ha t 
all g r i t between, say, 100 mesh and 200 mesh is to be r emoved ; then there a re 
two requ i rements to be satisfied : 

(1) The air stream carrying the ground material away from the mill must 
be sufficient to carry off 100-mesh particles of grit. 

(2) The air velocity and volume in the classifier or settler must be sufficient 
to carry away all minus 200-mesh material. 

B u t this mus t necessari ly mean tha t the g r i t - t r a p will also catch all talc 
par t ic les whose set t l ing velocities lie between the same limits. Suppose these 
correspond to 80 mesh and 150 mesh. F o r a sa t i s f ac to ry sepa ra t ion it is there-
f o r e necessary t h a t the gr inding-mil l p roduc t should contain only a small amount 
of talc between these limits, while conta in ing- as much gr i t as possible within 
the cor responding limits. B u t the r ing-roll mill relies f o r its efficiency on the 
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f a c t t ha t the undersize mater ia l ( in this suppos i t iona l case 80-mesh talc or 100-
mesh g r i t ) is cont inual ly removed f r o m the g r i nd ing zone, while the oversize 
is k e p t within the mill f o r f u r t h e r g r ind ing . I t t h e r e f o r e a p p e a r s impossible 
to s a t i s fy the ideal requi rements , and the best t ha t can be done is to ensure 
t h a t the c lass i fy ing system will make a p roduc t in which the coarest g r i t p a r -
ticles a re smaller t han the coarsest ta lc par t ic les . The ac tua l a m o u n t of g r i t 
in the p r o d u c t would be of the same order as t h a t in the r a w mater ia l . 

This conclusion is s u p p o r t e d to some extent by D r . F . L. Stil lwell 's r e p o r t 
(No. 318) in which, in the case of f o u r of the five samples examined, he r epo r t s 
t h a t the re was no apprec iab le va r ia t ion in the g r i t content of d i f fe ren t size 
f r ac t ions , while in the f i f th case—tha t of a sample of Gumeracha ta lc—he r e p o r t s 
t ha t the 100 mesh and 150 mesh contained only an occasional g ra in of f e l s p a r , 
while the p lus 200-mesh and f iner f r a c t i o n s showed a dis t inct increase in the 
f e l s p a r content . This observat ion might also be taken as s u p p o r t i n g the view 
tha t even unde r commercial g r ind ing conditions, t he f e l s p a r is g round more 
readi ly t han the talc, f o r Stillwell r emarks in the same r e p o r t (p . 4 ) t h a t 
" the albi te occurs in re lat ively coarse pa r t i c l e s" and yet, as noted above, in the 
g round p r o d u c t there is more albite in the 200-mesh and finer f r a c t i o n s t h a n 
the re is in the 100-mesh and 150-mesh f r ac t ions . 

LABORATORY TESTING OF WET GRINDING AND FLOTATION 
Test No. 1 

A 500-gm. sample of minus 30-mesh mater ia l was g round 15 min. in a pebble 
mill wi th 400 ml. of wa te r . The p u l p was then floated with p ine oil. 

In this p re l imina ry test the rougher concent ra te was cleaned twice and the 
p roduc t s kep t s epa ra t e f o r examinat ion unde r the microscope and es t imat ion 
of the non- ta lc content . The resul ts of this test a re shown in tab le I X . The 
f igures given f o r t he non- ta lc content a r e rough es t imat ions obta ined by micro-
scopic examinat ion and count ing, bu t they serve to indicate the degree of 
selection. 

T A B L E I X 

FLOTATION T E S T N O . 1 

Distribution 

Product Weight Non-talc 
Talc Non-talo 

Concentrate 
Second cleaner tail 
First cleaner tail 
Rougher tail 

per cent 
74-2 

4-0 
6-4 

15-4 

per cent 
1 
8 

16 
70 

per cent 
85 

4 
6 
5 

per cent 
5 
2 

10 
83 

The figures f o r the pe rcen tage of non-ta lc a re p robab ly high in all cases, 
since composi te par t ic les were counted as non-talc . The f r o t h obta ined with 
p i n e oil as a f r o t h e r a n d collector was very stiff, and most of the gangue carr ied 
over with the rougher concentra te is undoubted ly e n t r a p p e d mechanical ly. 

Test No. 2 
W i t h hope of ge t t ing a more br i t t l e f r o t h , D u p o n t f r o t h e r B 22 was subst i-

tuted f o r p ine oil used in test No. 1, bu t did no t affect a very marked improve-
ment in the a p p e a r a n c e of the f r o t h a l though i t did b reak down more r ap id ly . 
D u p o n t f r o t h e r B 22 is a mix tu re of a l ipha t ic alcohols and ketones obta ined as 
a higher-boi l ing by-p roduc t f r o m the m a n u f a c t u r e of bu ty l alcohol, and in genera l 
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produces more br i t t le f r o t h s t h a n the more common f ro the r s , p ine oil, eresylic 
acid, etc., bu t in t he case of this talc flotation, t he n a t u r e of the f r o t h is doubt-
less modified to a considerable extent by the floatability of the ta lc a n d the la rge 
a m o u n t to be floated. 

T A B L E X 

FLOTATION T E S T N O . 2 — D U P O N T FROTHER B 2 2 IN PLACE OF PINE OIL 

O N E STAGE OF CLEANING 

Distribution 

Product Weight Non-talc 
Talc Non-talc 

Concentrate 
Cleaner tail 
Tailing 

per cent 
75-4 

8-2 
16-4 

per cent 
I 

14 
70 

per cent 
86 

8 
6 

per cent 
5 
8 

87 

The microscopic examina t ion indicates t h a t a single s tage of c leaning in this 
case gave resul ts s imilar to those in test No. 1. 

The resul ts of these two tes ts a p p e a r e d so encourag ing t ha t a l a rger size 
sample was t r ea ted in a s imilar m a n n e r except t h a t the cleaner ta i l was re - t rea ted 
by flotation to yield a f u r t h e r small quan t i t y of concent ra te and a ta i l ing which 
was added to the roughe r ta i l ing. The p roduc t s of this test were sampled f o r 
analysis , and samples of the concent ra te were submit ted to Johnson & Johnson 
P t y . L td . and also to F e r r o Ename l s (Aus t r a l i a ) P t y . L td . I n addi t ion, samples 
of the head, concentra te , and ta i l ing w e r e submit ted to D r . Stillwell f o r minera-
g r a p h i c invest igat ion. Since Stil lwell 's r e p o r t includes the analyses and min-
eralogical composit ions, the weights of the p r o d u c t s and the recoveries are set 
out in table X I , which fol lows a f t e r his r epor t . 

I M I N E R A G R A P H I C I N V E S T I G A T I O N 

F . L . STILLWELL, D . S C . 

Samples of a flotation concent ra te and ta i l ing p r e p a r e d f r o m talc ore f r o m 
Duns t an ' s talc mine, Gumeracha , have been submit ted f o r examinat ion by the 
D e p a r t m e n t of Mines, South Aus t ra l i a . 

Chemical analyses of the ore, concentra te , and ta i l ing have been made by 
T. W . Dalwood, and a r e as fo l lows : 

Si0 2 
A1203 
F e 2 0 3 
FeO 
MgO 
CaO 
N a 2 0 
K,0 
H^O above 100°C 
I I 2 0 at 100°C 
T i 0 2 
P 2 0 5 . . . . 
S as sulphide 

Less oxygen equivalent to sulphur . . . . 

Ore Concentrate Tailing 
61-98 61-86 63-90 

2-71 0-59 13-05 
0-76 0-28 0-55 
1-70 2-57 1-08 

26-82 30-20 10-38 
0-22 0-08 0-84 
1-42 0-02 6-30 
nil nil 0-14 
4-20 4-90 2-07 
0-16 0-13 0-19 
0-13 ' 0-04 0-66 
0-13 0-02 0-44 
0-09 0-05 0-12 

100-32 100-74 99-72 
0-03 0-02 0-04 

100-29 100-72 99-68 
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The ore consists essentially of ta lc with albite, chlori te ( and b io t i t e ) , apa t i t e , 
ru t i le , pyr i t e , and iron oxides as impur i t ies . The amoun t of su lphide s u l p h u r 
indicates the a m o u n t of unoxidized pyr i t e . The a m o u n t of T i 0 2 indicates the 
a m o u n t of rut i le . The amoun t of a p a t i t e may be calculated f r o m the pe rcen tage 
of P 2 0 5 , and the excess of CaO over t h a t requ i red f o r apa t i t e , toge the r with 
the pe rcen tage of N a 2 0 , can be used to de termine the a m o u n t of albite. I n 
th is way i t is es t imated t h a t the impur i t i e s in the ore and concentra te , a p a r t 
f r o m chlori te and bioti te and i ron oxides, a r e : 

Ore Concentrate 
per cent per cent 

Albite 12-35 0-47 
Apatite ' 0-30 0-04 
Rutile 0-13 0-04 
Pyrite 0-17 0-09 

I f the equivalent amoun t s f o r these minera ls a r e deducted f r o m the chemical 
analyses of ore and concentrate , the hydroscopic wa te r neglected, and the resul ts 
recalculated to 100 p e r cent f o r compar ison, we g e t : 

Ore Concentrate 
S i0 2 61-42 61-64 
A1o03 0-29 ' 0-44 
F e 2 0 3 0-78 0-24 
FeO ' 1-95 2-57 
MgO 30-75 30-21 
H2Q 4-81 4-90 

100-00 100-00 

These res idual composi t ions of ore and concent ra te correspond to near ly p u r e 
ta lc as is shown by the i r s imilar i ty , and they "indicate t h a t the r e m a i n i n g 
impur i t i e s of chlori te and bioti te and i ron oxides a re very small. The only 
i m p o r t a n t difference is a var ia t ion in the p r o p o r t i o n s of f e r r i c and f e r r o u s i ron, 
while the total i ron is una l te red . 

Microscopical Examination of Flotation Concentrate 

The microscopical examinat ion of moun t s in Canada balsam, of the f lotat ion 
concentra te , reveals a r a r e isolated g ra in of albi te and r a r e minu te crysta ls of 
ru t i l e embedded in tale gra ins , which account f o r t he t races of T i 0 2 and N a 2 0 
in the chemical analysis . There a re very occasional, small, f r e e par t ic les of 
opaque iron oxide, e i ther hemat i t e or magnet i te , as well as m inu t e inclusions of 
o p a q u e i ron oxide in r a r e par t ic les of a l tered mica. F u r t h e r , an area of reddish-
brown l imonite has been seen to be enclosed in a f lake of talc, s l ightly s t a in ing 
the ta lc a round the somewhat indefini te marg in s of the l imonite, which was 
p robab ly derived f r o m the oxidat ion of pyr i t e . A r a r e f lake of green, greenish-
brown, or brownish mica can be found , ei ther embedded in ta lc or as isolated 
gra ins . I n most cases, the mica shows a p p a r e n t i so t ropism and an absence of 
pleochroism and is r egarded as chlorite, bu t one example of a greenish la th 
showed the b r igh t po la r iza t ion colours of bioti te. The only o ther t y p e of i m p u r i t y 
is an occasional par t ic le of the brownish mineral , possibly re la ted to hydrota lc i te , 
which is a wea thered p roduc t of talc. 

These t races of i r o n ' oxide and micaceous m a t t e r (most ly chlori te) in t he 
f lotat ion concent ra te will account largely f o r the F e 2 0 3 and A1 2 0 3 ( res idual 
a f t e r s a t i s fy ing albi te) in the chemical analysis . I t seems d o u b t f u l whe ther they 
can account f o r all the F e O . A suspicion t h e r e f o r e arises t h a t t races of F e O 
are incorpora ted in the composi t ion of the ta lc molecule. 
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Microscopical Examination of the Tailing 
The microscopical examination of mounts of the tail ing shows tha t most of 

the 10 per cent MgO in the analysis of the tai l ing occurs as fine minute part icles 
of f r ee talc that have not been floated. Most of the talc in this product is f ree , 
and only a small amount of it occurs as composite particles of talc and impurit ies. 
More plates of green .chlorite are observed in this product than in either the 
concentrate or the ore, so that much of this impur i ty has been removed by 
flotation as well as nearly all the albite, rutile, and apati te . Albite is abundant , 
accounting fo r 54 per cent of the product . 

TABLE XI 

Mineralogical composition Mineral distribution 

Weight 
Albite Apatite Rutile Pyrite Talc, 

etc.f 
Albite Apatite Rutile Pyrite Talc, 

etc. 

Concentrate 
Tailing* 
Head 

per 
cent , 
81-8 
18-2 

100-0 

per 
cent 

0-47 
65-8 
12-4 

per 
cent 
0-04 
1-47 
0-30 

per 
cent 
0 0 4 
0-53 
0 1 3 

per 
cent 
0 0 9 
0-53 
0-17 

per 
cent 
99-4 
31-0 
87-0 

per 
cent 

3 
97 

100 

per 
cent 

11 
89 

100 

per 
cent 

25 
75 

100 

per 
cent 

H 
56 

100 

per 
cent 

93 
7 

100 

* The composition given for the tailing was calculated by difference from the head and concentrate 
compositions given in Stillwell's report. 

f The figures given for " talc, etc.," represent principally the talc content with minor amounts of chlorite, 
biotite, and iron oxides, but as indicated by the residual composition given by Stillwell the amount 
of these minor impurities is very small. .Regarding these impurities in the flotation concentrate, 
Stillwell stated " it seems doubtful whether they can account for all the FeO. A suspicion therefore 
arises that traces of FeO are incorporated in the composition of the talc molecule." 

F r o m the behaviour of this material on heating, it seems almost certain tha t 
much of this FeO does in fac t exist as a replacement of MgO in the talc 
molecule. When clean flakes of the talc were heated to between 900°C. and 
1,000°C. in air, they all appeared to take on a fa i r ly un i form buff colour, indi-
cating the more or less un i form distribution of the FeO which on heating 
becomes converted to F e 2 0 3 . 

I t appears then that the concentrate p repa red in the above test represents 
almost the highest-grade product which could be obtained f rom this deposit, and 
it is therefore of considerable interest to compare this product with high-grade 
talc f r o m other sources. 

Johnson & Johnson P ty . Ltd. reported as follows on a sample of the above 
concentrate: 

R E P O R T O P J O H N S O N & J O H N S O N P T Y . L T D . 

A . .T. M U R R A Y , CONTROL C H E M I S T 

The sample which had a good sheen and was coarsely ground, was powdered 
and screened through a 200-mesh sieve before testing. 

Colour 
Superior to X141 (this represents the lowest acceptable mater ia l ) , infer ior to 

"S t anda rd Indian"—considered an improvement on regular Gumeracha deliveries. 

Slip 
Good, slightly infer ior to "S tanda rd Indian ." Superior to regular Gumeracha 

deliveries. 
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Microscopic Appearance 

Character is t ic talc p la tes a lmost devoid of a n y " g r i t t y " ma t t e r—showed con-
s iderable improvement on r egu la r Gumeracha talc. 

Maximum allowable 
Loss on ignition 4-7 per cent 5 per cent 
Acid solubility 0-45 per cent 6 per cent 
Water solubility 0-3 per cent 0-2 per cent 
Bulk test 24-96 lb./cub. f t . 25 lb./cub. f t . 

Summary 

1. The sieved talc was of good qual i ty as r e g a r d s feel , bu t the colour, though 
be t te r than our lowest permiss ible s t anda rd , could be improved . 

2. However , t he sample showed an improvemen t in colour when compared with 
recent Gumeracha deliveries, and feel was definitely super ior . 

In most respects it is seen t ha t the sample comes well wi th in their acceptable 
s t andards , the only p r o p e r t y which calls f o r comment is t ha t of the colour. I t 
is believed t ha t h igh-grade ta lc p r e p a r e d f r o m the Gumeracha mater ia l conta ins 
F e O combined in the talc molecule and t ha t this F e O is the cause of the greenish 
a p p e a r a n c e of the coarse flakes and the greenish-blue t in t which a p p e a r s in the 
fine powder . W h e t h e r this s l ight t i n t (which can only be detected by com-
par i son with other samples) is de t r imenta l would seem to be la rge ly a m a t t e r 
of individual opinion. There is no doubt t h a t the h igh-grade talc p r e p a r e d by 
wet g r ind ing and f lotat ion in the l abo ra to ry gave a g round talc supe r io r in 
colour to other samples of Aus t r a l i an talc available for- compar ison . Of th ree 
ta lc samples of I n d i a n origin available, two showed a sl ight buff t inge, while 
the th i rd , a sample of " I n d i a n S t a n d a r d " , gave the best colour of all available. 
I t is evident then tha t there a re var ia t ions in the impor ted mate r ia l—poss ib ly 
dependen t on the i r o r ig in—and it is believed, the re fore , t h a t the benefieiated 
p roduc t , a l though di f fer ing sl ight ly in t in t , compares very f a v o u r a b l y with much 
of the impor ted mater ia l . 

I t is of in teres t to compare the pa r t i a l analyses of our h igh-grade p roduc t 
with t h a t of an I n d i a n J a i p u r talc (Compressed Air Mag., J u n e 1941, 6457) . 

Gumeracha tale 
concentrate Jaipur talc _ 

S i0 2 61-9 61-8 
MgO 30-2 31-4 
AloO-j 0-6 0-8 
F e O ' ( F e as FeO) , 2 - 8 0-7 

I t will be noted t ha t the analyses a re very similar, p r inc ipa l difference being, 
of course, in the p r o p o r t i o n of F e O presen t , but if i t is assumed tha t the F e O 
replaces M g O in the talc molecule, the i r molecular composi t ions becomes prac t ica l ly 
identical . 

A f u r t h e r sample of this Gumeracha ta lc concent ra te was submit ted to F e r r o 
Ename l s (Aus t r a l i a ) P t y . Ltd. , who r epor t ed as fo l lows : 

REPORT OF FERRO ENAMELS (AUSTRALIA) PTY. LTD. 

U n f o r t u n a t e l y , the combined iron, as indicated in the analysis , is much too 
high, and in consequence the ta lc is not suitable f o r the m a n u f a c t u r e of s teat i te 
insulators , n o r as a mate r ia l which would be used in a ti le body. F o r you r 
in fo rma t ion , we requi re a ta lc with a combined i ron con ten t of less than 0-5 p e r 
cent. The remainder of the analysis a p p e a r s to be very good indeed. 
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R e g a r d i n g talc f o r s tea t i te insula tors , K l ine fe l t e r , O 'Meara , Smi th , and 
Truesdel l , in Mining Technology, have s t a t e d : 

"Ta les a re a l te ra t ion p roduc t s a n d a r e more likely t han no t to c a r r y a heavy 
load of impur i t ies , pa r t i cu l a r ly t r u e if the talc is derived f r o m se rpen t ine 
deposi ts . Such talcs a re invar iab ly high in i ron and f u r t h e r m o r e , the i ron is 
f o u n d as a s ta in or solid so lu t ion—tha t is, a s an in tegra l p a r t of the ta lc minera l 
a n d no t separable . All t he talcs t h a t a re sui table f o r this p a r t i c u l a r work a re 
f o u n d associated wi th l imestone or dolomites, and the m a j o r impur i t i es in such 
tales a r e usual ly carbonates and tremoli tes . 

"The f e w wr i t t en specificat ions t h a t could be obta ined requi re t ha t lime 
impur i t i e s and i ron oxide should no t exceed 1 p e r cent, b u t i t was f o u n d tha t 
a somewhat g rea te r pe rcen tage is permissible. Tests on talcs of var ious i ron 
and l ime contents showed t h a t it was u n s a f e to exceed 1 -5 p e r cent i ron oxide 
or 1-5 p e r cent lime, if the ta lc were to be used alone. 

" A h igh-grade Ca l i fo rn ia ta lc used by the t r ade assayed 0-42 pe r cent CaO 
a n d 1-21 p e r cent F e 2 0 3 with less t h a n 1 p e r cent of carbonates and t remol i te . " 

I t is evident then t h a t the l imit of 0-5 p e r cent F e 2 0 3 set by F e r r o E n a m e l s 
P t y . L td . may be r a the r conservative if electrical p rope r t i e s a lone a re of in teres t , 
bu t where the colour of the fired p roduc t is of impor tance , as in a ti le body, 
the i r l imit of 0-5 p e r cent is qui te reasonable . The p a p e r j u s t quoted s ta tes 
t ha t " the p r o d u c t shows l i t t le change in colour u p to 0-25 p e r cent Fe„0 . „ bu t 
as the content increases progressively, the colour goes to a l ight cream^ cream, 
tan , buff , and b rown ." 

FURTHER TEST WORK ON WET GRINDING AND FLOTATION 
Several other aspec ts of wet t r e a tmen t were examined in some f u r t h e r tests on 

the same sample of ore. 

Effect of Varying Periods of Grinding 
Three tests were made on 600-gm. samples of ore g round in a pebble mill f o r 

pe r iods of 10 min., 20 min., and 40 min. respect ively. The p u l p was floated 
and cleaned with a to ta l addi t ion of f r o t h e r B 22 equivalent to 0-15 lb . / t on . 

The concentra tes f r o m each of these tests were sampled and analyzed f o r 
MgO ( regarded as the most rel iable indicat ion of talc con ten t ) . The recoveries 
obta ined in these tes ts a re shown in table X I I , and the sizings of the var ious 
g r inds in table X I I I . I n table X I I the rougher and cleaner ta i l ings a re shown 
combined as ta i l ing. 

TABLE XII 

Grinding period Product Weight MgO Distribution 
of MgO 

min. 
10 

per cent 
79-7 
20-3 

per cent 
30-5 
12-3 

per cent 
90-7 

9-3 Tailing 

per cent 
79-7 
20-3 

per cent 
30-5 
12-3 

per cent 
90-7 

9-3 

20 80-5 
19-5 

30-7 
10-8 

92-2 
7-8 Tailing 

80-5 
19-5 

30-7 
10-8 

92-2 
7-8 

40 80-2 
19-8 

30-3 
126 

90-7 
9-3 Tailing 

80-2 
19-8 

30-3 
126 

90-7 
9-3 

i 
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T A B L E X I I I 
SIZING OF VARIOUS G R I N D S 

Screen Screen 
aperture 

10 minutes 20 minutes 40 minutes 
Screen Screen 

aperture 
On 

screen 
Cumu-
lative 

On 
screen 

Cumu-
lative 

On 
screen 

Cumu-
lative 

microns per cent per cent per cent per cent per cent per cent 
Plus 28 mesh 590 0-4 0-4 0-2 0-2 0-1 0-1 

28/35 420 2-8 3-2 1-5 1-7 1 0 1-1 
35/48 297 6-8 100 4-9 6-6 2-9 4;0 
48/65 210 11-3 21-3 9-7 16-3 8-9 12-9 
65/100 149 16-9 38-2 16-4 32-7 16-4 29-3 

100/150 105 14-9 53-1 16-3 4 9 0 17-3 46-6 
150/200 74 11-8 64-9 12-5 61-5 13-8 60-4 
200/325 44 . 7-2 721 8-5 70-0 8-5 68-9 

Minus 325 mesh — 27-9 1000 300 100-0 31-1 100-0 

NOTE—Those sizings were made on samples of the talc concentrates. The tails containing 
most of the grit would be finer than indicated by these figures. 

Al though nei ther the g rades n o r the sizings of the samples differ much, the 
small differences do a p p e a r s ignif icant and the second test , i.e., the 20-min. 
g r i nd ing per iod, is evident ly the best resul t . The lower g r a d e and recovery in 
the first test is a t t r i bu t ed to insufficient l iberat ion, while in the th i rd test the 
l a rger amoun t of fines p resen t has evidently caused more sluggish f lotat ion and 
more gr i t carr ied over wi th the f r o t h . 

Effect of Grinding in an Iron Mill 
A compar ison was made between a concent ra te p r e p a r e d by g r ind ing in a 

pebble mill and ore p r e p a r e d by g r ind ing in an i ron mill. Subsequen t flotation, 
filtering, d ry ing , and fine g r i nd ing were identical . The colour of the sample 
g round in an i ron mill was definitely i n f e r io r to t ha t g round in the pebble mill 
and was only s l ight ly be t te r t han t h a t of the un t r ea t ed ore. I t is believed, how-
ever, t ha t some of this con tamina t ion would be avoided if the concent ra te sample 
were thickened by set t l ing and decant ing p r i o r to filtering. Much of the con-
t amina t ion seems to ar ise f r o m very fine oxides of i ron which a r e car r ied over 
in the water , and in an actual p l a n t where the p roduc t would be thickened 
p r i o r to filtering some of this fine slime would be re jec ted . However , pebble 
g r i nd ing in a mill f r e e f r o m i ron would be desirable to obta in the best possible 
colour in the final p roduc t . 

Filtering 

Since d ry ing is likely to be an expensive i tem in a wet-process ing p lan t , some 
filtering tests were made to de te rmine the mois ture content of filter cakes of 
these ta lc concentra tes . The tests were made on a sample of ta lc g round to a 
s imilar sizing to the 20-min. pebble-mill gr ind , and the p u l p conta in ing 35 40 pe r 
cent solids was fi l tered on a l abora to ry Denver r o t a r y d r u m filter. F i l t e r ing 
ra tes were de te rmined a t var ious d r u m speeds and mois ture de te rmina t ions were 
made on the resu l t ing fil ter cakes. F i l t e r i ng ra tes a re expressed as 11). of dr ied 
solids p e r hour p e r sq. f t . of filtering su r face . 

I t will be noted t ha t the best filtering r a t e was obta ined a t the highest d r u m 
speed, i.e., wi th the th innes t cake—actua l ly the average cake thickness a t this 
speed was about J in . Slower speeds gave somewhat th icker cakes, bu t the cake 
res is tance evident ly r ises very r a p i d l y wi th such flaky mater ia l so the . f i l ter ing 
r a t e d r o p p e d while the mois ture content increased. 

C 
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TABLE XIV 

Filter speed Filtering rate Moisture in 
filter cake 

r.p.m. per cent 
0-177 8 30 
0-307 12 27 
0-411 13 26 
0-625 14 25 

SUMMARY 

Dry Grinding and Classification 
1. L a b o r a t o r y tes ts us ing a pebble-mill g r ind , fol lowed by classification, gave 

no indicat ion of a n y use fu l benefieiation by this means. 

2. The pebble-mill g r i nd ing condit ions seemed to f a v o u r g r i nd ing of the 
impur i t i e s r a t h e r t h a n t h e talc, a n d a l though i t is real ized t h a t the g r i n d i n g 
act ion in a r ing-ro l le r mill is no t the same as in a pebble mill, o ther evidence 
seems to s u p p o r t the opin ion t ha t there is no hope of mak ing a n y t h i n g a p p r o a c h -
i n g a clean separa t ion of g r i t f r o m tale by th is means. 

Wet Grinding and Flotation 
1. L a b o r a t o r y tests indicate t ha t a considerable improvement in both colour 

a n d g r i t content can be obta ined by a wet-process t r e a tmen t as out l ined in . th is 
r e p o r t . The p roduc t obta ined was supe r io r to all d ry -g round samples f r o m th i s 
locali ty which were available f o r compar ison. 

2. The op t imum g r a d e of ta lc which could be obta ined still car r ied over 
2 p e r cent F e O , and it is highly p robab le t h a t this F e O is an inheren t f e a t u r e 
of all ta lc f r o m this locality. The high F e O content r ende r s such ma te r i a l 
unsu i tab le f o r h igh- f requency rad io insula t ion work and f o r use in h igh-grade 
whi te -ware ceramics, bu t i t should no t cons t i tu te any d rawback to most of the 
common uses. The p r inc ipa l effect is t he i m p a r t i n g of a sl ight greenish t inge 
t o the flake and th is in t u r n seems to give an a lmost impercept ib le t i nge to t h e 
fine powder which r ende r s i t s l ightly i n f e r io r in colour to the highest g r a d e 
" I n d i a n S t a n d a r d " , bu t a t least the equal of m a n y of the lower-grade I n d i a n 
samples which a p p e a r to have a sl ight buff o r cream t inge. These s l ight 
va r i a t ions in t inge can, however, only be perceived when the var ious samples a r e 
compared under almost ideal condit ions. 

3. I n o rder to obta in the best resul ts in the final p roduc t , pebble-mill g r i n d i n g 
in a mill f r e e f r o m i ron is necessary. 

4. The ta lc concent ra te filters sa t i s fac tor i ly on a r o t a r y filter, bu t the cake 
carr ied f r o m 25 pe r cent to 30 pe r cent mois ture and the cost of d ry ing would 
cons t i tu te a considerable p a r t of the to ta l cost. 

5. F i n e g r ind ing of the beneficiated p roduc t could be carr ied ou t wet or d r y -
each system seems to have cer ta in advantages . F i n e g r i nd ing wet should be more 
economical, as f a r as power is concerned, b u t the th ickening, f i l ter ing, and 
d r y i n g would p resen t addi t ional problems, f o r , unless d r y i n g was done by a 
system of s p r a y - d r y i n g or something similar, the dried cake would requi re a 
f u r t h e r dry-pulver iz ing and air-sizing. D r y g r ind ing of the dr ied filter cake 
would e l iminate cer ta in of these difficulties, bu t would p robab ly cost more f o r 
power . There is, however, a f u r t h e r possibi l i ty in t ha t d ry ing and d ry g r ind-
ing might be combined in the one s tep. I t is claimed t h a t by f eed ing heated 
a i r in to a r ing-rol ler mill, a dried p roduc t m a y be obta ined f r o m wet solids 
con ta in ing u p to 50 pe r cent mois ture . The t u rbu l en t act ion, p e r m i t t i n g r a p i d 
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exposure of all the surface area to the heated air, would probably be conducive 
to good hea t economy, and in addition use is made of some of the heat generated 
in grinding. 

General Remarks 

Throughout this r epo r t no account has been taken of the possible variat ions 
of the ore, and although these difficulties might not arise if the ore was care-
fu l ly mined they should nevertheless be kep t in mind. 

I! Biotite occurs in small quanti t ies throughout this deposit, but earlier samples 
f r o m the a rea contained a considerable amount of this mineral, and although 
there is a certain degree of concentration of biotite in the flotation tailing, any 
large amount in the flotation concentrate would doubtless cause a general darken-
ing of the product . Owing to the ra ther similar flaky na tu re of the two 
minerals—biotite and talc—there would be great difficulty in making a concen-
t r a t e low in biotite if much occurred in the ore. 

2. Some samples which have been brought into the laboratory f r o m this deposit 
showed very bad iron-staining—evidently result ing f r o m weathering of the pyr i te— 
and although flotation does eliminate some contamination of this nature , it would 
not be possible to make a very good concentrate f r o m such ore. (20/11/45. ) 
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PART III 

MOUNT FITTON DISTRICT 

Chapter 1 

F L I N D E R S No. 5 T A L C D E P O S I T 

BY 

S . B . DICKINSON, M . S c . (DIRECTOR OP M I N E S AND GOVERNMENT GEOLOGIST) 

Situation:—About 3 miles S. of Billy Springs, on Moolawatana Station, out-
side of counties, North-Eastem division. Mineral Lease No. 2876 held by G. A. 
Greemvood, W. B. Greenwood, J. G. Ford, and W. Machay. 

HISTORY AND PRODUCTION 
The talc occurrences a t M o u n t F i t t o n , in the no r the rn F l i nde r s Range , were 

discovered by J . G. F o r d ( M a n a g e r of W o o l t a n a S t a t i on ) in 1944. Samples 
were sent to the d e p a r t m e n t by G. A. Greenwood of M o u n t Serle S ta t ion , a n d 
were f o u n d to be of h igh-g rade qual i ty . Specimens were also sen t to F . L . 
Stillwell of the Council f o r Scientific and I n d u s t r i a l Research for- mine ra -
g r a p h i c invest igat ion, and in his ini t ial r e p o r t (C .S . I .R . Mineragraphic Inves-
tigations Report 318) Stillwell r epo r t ed on the r emarkab le p u r i t y of the 
F l i n d e r s R a n g e ta lc by compar i son wi th t h a t of Gumeracha . 

The No. 5 deposi t is so-called as i t was the fifth occurrence pegged by t h e 
discoverers. I t is also the l a rges t known ou tc rop in the area . 

The deposi ts a r e s i tua ted 80 miles E . by road f r o m L y n d h u r s t r a i lway 
siding, a s id ing on the Quorn-Alice S p r i n g s r a i l w a y ' line ( 3 f t . 6in. g a u g e ) , 
392 miles n o r t h of Adelaide. They were first examined by R-. C. Sp r igg , 
Ass i s t an t Government Geologist, in November , 1944,* to ascer ta in the i r economic 
possibili t ies a t the beg inning of p ro spec t i ng opera t ions when only a small 
excavat ion had been made in the No. 1 deposi t . H e r e p o r t e d t ha t t he ta lc 
occurred over a wide area , and in view of t h e keen demand f o r h igh-grade tale 
it was l ikely to have considerable commercial value. 

I n J u n e , 1945, F o r d and Greenwood, who in the meant ime had unde r t aken 
cer ta in p rospec t ing work to de te rmine the ex ten t of the occurrences, d ispa tched 
a 15-ton t r i a l sample f r o m the No. 4 depos i t to J o h n s o n & J o h n s o n P t y . Ltd . , 
one of the chief consumers of h igh-grade talc. The No. 4 deposi t was a t t h a t 
t ime the most p romis ing occurrence, and had been opened u p to a dep th of 
abou t 20f t . To fac i l i t a te the delivery of this parcel , a g r a n t of £300 was 
made to the claimholders f o r t he const ruct ion of an access road , and, in 
A u g u s t of 1945, an addi t iona l £300 was provided by the S t a t e Government 
a f t e r advice had been received t h a t the t r i a l pa rce l was s a t i s f ac to ry a n d t h a t 
f u r t h e r deliveries were desired f o r more detai led tes t ing. 

I n November , 1945, E . B roadhu r s t , Ass i s t an t Governmen t Geologist, r epo r t ed 
on the No. 4 depos i t , ! a n d in 1946 f u r n i s h e d a p r e l i m i n a r y r e p o r t (unpub l i shed) 
on the No. 5 deposi t shor t ly a f t e r limited p rospec t ing work had revealed t h a t 
there was l ikely to be considerable reserves p resen t . This r e p o r t includes the 
fo l lowing s ta tements wi th r ega rd to the q u a n t i t y and qual i ty of t he talc in the 
No. 5 depos i t : -

" F r o m a quick examina t ion of the deposi t there a p p e a r s to be a 
s u r f a c e a rea of 46,000 sq. f t . of talc, g iv ing a p p r o x i m a t e l y 4,000 tons 
of ta lc pe r vert ical f oo t . Re jec t ing half of the ta lc in fines a n a impur i t i es , 
there would be abou t 2,000 tons p e r ver t ical foo t . 

* Sprigg, R. C., Mining Review^81, p. 90, 1945. 
t Broadhurst, E., Mining Review 82, pp. 76-81, 1946. 
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"There are branches or lenses ad jo in ing the main deposit, which on 
the removal of a comparatively small amount of waste would make avail-
able more talc f o r open cutting. These, however, were not considered. 

"The talc as a general rule is greyish or greenish in colour, but powders 
white. This characteristic, however, seems to be a general f ea tu re of 
massive tale. The talc seems quite as p u r e as t h a t ' i n the deposits now 
being worked. I t remains, however, f o r the consumers to pass their 
opinions on the qual i ty of the talc. 

Conclusions 
"The new deposit ( the No. 5 deposit) is much more extensive than 

any previously discovered. With a road made to the site the cost of 
mining would be reduced considerably, because it occurs on the side of 
a hill and it is easier to dispose of the waste. This fac tor makes the 
selection of talc much easier. 

"The desirability of working the new deposit depends on whether there 
will be an increased output . A t present there are a comparat ively small 
number of customers on whose sat isfaction the ou tpu t depends. How-
ever, production has jus t commenced, and -as the product becomes known 
the demand fo r it will probably increase. ( 2 6 / 6 / 4 6 . ) " 

I n J a n u a r y , 1947, the two claims held by (Mrs.) E. M. Greenwood were con-
verted into leases (M.Ls. 2876 and 2877) and regular product ion was com-
menced by the Fl inders Tale syndicate. To assure adequate deliveries to con-
sumers, the State Government was approached f o r f u n d s to finance the con-
struct ion of a graded road f r o m Lyndhurs t ra i lway siding to the mine, and the 
request was acceded to in March, 1947, on terms mutual ly acceptable to all 
concerned. By 4th March, 1948, a distance of 45 miles had been completed 
a t a cost of £5,732. Present production is of the order of 20 tons pe r week, 
and (about) 20 men are employed by J o h n Duns tan & Son (W.A. ) Ltd. This 
company is now working the deposits under a sub-lease granted by the present 
lessees. Recorded production since the discovery of the deposits is as fo l lows: 

Year ended Tons Value 
£ 

31st December, 1945 27 102 
31st December, 1946 361 3,328 
31st December, 1947 748 7,290 

1,136 10,720 

SCOPE OF PRESENT INVESTIGATIONS 
The repor t deals with the detailed geological investigation of the No. 5 

deposit carried out dur ing a period of f o u r days ended 28th October, 1947. A n 
accurate geological m a p was p repared on a scale of 50f t . to an inch, with 
contours a t 5 - f t . intervals. D. R. Bowes, Assistant Geologist, assisted in the 
field m a p p i n g and with penological work, and D. J . Simes, Assis tant Mining 
Engineer , undertook the plane-table survey work and assisted in calculations 
of reserves and product ion data . The examination was made a t the t ime t h a t 
the operat ions were changing f r o m essentially prospect ing to those of a p ro -
ductive character. A mess hu t and other faci l i t ies were being erected f o r 
employees; and steps were being taken to determine the most economical methods 
of mining, beneficiation, and t ranspor t . These aspects are not considered in 
this r epor t which is confined to geological f ea tu res and possible ore-reserves 
based on geological observation. A minimum annua l ou tpu t of 2,500 tons of 
high-grade talc was fixed a t tha t t ime as an init ial production objective. 
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F i g . 2 . — M o u n t F i t t o n ta lc m i n e — G e n e r a l view, J u l y , 1950 
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ILLUSTRATIONS 
(1) Locality map. 
(2) Photo—General view of the Mount F i t ton talc mine ( Ju ly , 1950). 
(3) Geological sur face p lan of F l inders No. 5 talc deposit. 
(4) Sketch of vertical section showing contact with schistose dolomite. 
(5) Sketches i l lustrat ing in terpre ta t ion of extent of F l inders No. 5 talc deposit . 
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GEOLOGY 
The regional geology is described by Sprigg, and the petrology by Stillwell 

and Edwards , in the repor t s already refer red to. and therefore the following 
statement deals solely with the geological fea tures of the deposit. 

Reference to the surface geological p lan will show that the outcrop of the 
No. 5 talc deposit has an i r regular lenticular fo rm with a general east-west 
strike. I t extends over a length of about 1,000ft . ; has a maximum width of 
250f t . ; and its sur face a rea covers 97,400 sq. f t . , of which 5,200 sq. f t . — o r 
about 5 per cent—comprise inclusions of country-rock and segregations of other 
minerals. The la t ter include calcite, dolomite, tremolite, and silica. 

The shape of the deposit in depth is not known, as the deepest opening is a 
sha f t 20f t . deep in the southern open cut. F r o m surface evidence the lens 
would appea r to have a similar dip to that of the schistosity which ranges 
f r o m 50deg. a t the eastern extremity to about 75deg. to 80deg. in its widest 
pa r t . F o r purposes of est imating the potential reserves, it is infer red that the 
long axis of the lens has a flat pi tch corresponding to the general westerly 
dip (15deg.) of the dolomitic marble beds in which the deposit occurs. These 
conclusions, however, require test ing by drilling, and a programme is outlined 
elsewhere in the repor t . 

The deposit occurs in schistose dolomite near its contact with massive horn-
fels which overlies the dolomite. The continuity of this contact is broken in 
two places by normal faul ts , with down-throws to the south and of pre-mineral 
origin. The fau l t s a p p e a r to have had some influence on the location and 
concentration of talc mineralization, the eastward extension of the northerly 
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o n e l in ing u p with a massive caleite f o r m a t i o n on the n o r t h e r n edge of t he 
•deposit, and the extension of the sou thern f a u l t likewise m a r k i n g the sou thern 
l imi t of the deposi t . The depos i t itself is e longated in a direct ion inclined 
a t 15deg. to 20deg. to these f a u l t s which is para l le l to t h a t of the fo l ia t ion 
in the dolomite. T h e vert ical d isplacement a long the f a u l t p lanes is of the 
o rder of 5 0 f t . - 1 0 0 f t . A f e a t u r e of t he contact zone is t he m a r k e d schistose 
s t ruc tu re of the dolomite which has p re sumab ly fac i l i t a ted t he pene t ra t ion of 
t he minera l iz ing solution. F a r t h e r f r o m the contact the schistose dolomite 
g rades insensibly ip to massive dolomite completely devoid .of fo l ia t ion . I n 
con t ra s t to the schistose dolomite the hornfe l s is a h a r d , dense, black rock, 
except a d j a c e n t to the f a u l t s where it has developed a sheared and bleached 
charac ter , the bleaching p resumab ly being accomplished by the pene t r a t i on of 
minera l iz ing solution. Metasomatism, has caused the f o r m a t i o n of the talc, and 
is described in detai l by Stillwell and E d w a r d s . The masses of silicified 
dolomite, calcite, and t remol i te shown on the geological m a p a re p r o b a b l y 
segregat ions f o r m e d by this process. Talc f o r m a t i o n excluded, the s t rong 
silicification of the schistose dolomite is the most marked f e a t u r e of the 
mine ra l i za t ion ; but , i t is no tewor thy t h a t the silicified dolomite zones, as well 
as the unrep laced inclusions of schistose dolomite in the talc, have clear-cut 
contacts and r a r e ly show p a r t i a l a l t e ra t ion to talc. I n consequence the l a rger 
ones a r e read i ly separab le f r o m the ta lc in min ing opera t ions . 

SIZE OF THE DEPOSIT 
The s tudy of the geology of the deposi t has indicated t h a t p re -minera l 

s t ress ing set u p a f r a c t u r e p a t t e r n which prov ided a f u n d a m e n t a l control f o r 
the localization of the deposi t . The minera l iz ing solution? p r o b a b l y rose a long 
the contac t of the dolomite and hornfe l s , also a long the f au l t s , and replaced 
the dolomite a d j a c e n t to and between the f a u l t s nea r the ho rn fe l s contact . 

I t is concluded, there fore , t ha t the deposi t is lent icular in s h a p e ; is located 
between the f a u l t s ; and pi tches to the west a t an angle of abou t 15deg., 
co r responding with t h a t of the d ip of the hornfe ls -dolomi te contact . The p i tch 
of 15deg. is measured in the fo l ia t ion direct ion. 

I f it is now assumed t h a t the shape of t he ta lc body is e l l ipsoidal—with i ts 
ou tc rop r ep resen t ing a hor izonta l section th rough i ts cen t re—the fo l lowing 
calculat ion of the possible size can be made f r o m dimensions on the p l an , 
section, and p ro jec t ion d r a w n to give express ion to this conception. 

Long axis (a) in the direction of pitch—600ft. 
Intermediate axis (6) in the plane of schistosity—300ft. 
Short axis (c) at right angles to the plane of schistosity—200ft. 

7T 
Volume = - a. b. c. 

6 
3-141 x 600 X 300 X 200 

6 
Taking the specific gravity of talc at 2-81, and 175 lb. per cub. ft.— 

3-141 x 600 X 300 X 200 X 175 
Tonnage = = 1,470,000 tons. 

2,240 X 6 

3-141 x 600 X 300 X 200 X 175 
Quantity in ground = * X 

2,240 X 6 
= 735,000 tons. 

Maximum depth = 150ft. 
A t the t ime of the inspect ion ( 2 8 / 1 0 / 4 7 ) the total p roduc t ion of first-grade 

ta lc f r o m the shallow open cuts amounted to a p p r o x i m a t e l y 600 tons. Measure-
ments of these open ings indicated tha t the to ta l quan t i t y of mater ia l mined 
w a s abou t 1,910 t o n s ; t h a t is, t he p roduc t ion of 1 ton of first-grade, ca re fu l ly 
selected ta lc had requ i red the removal and dress ing of 3 tons of rock. This 
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ini t ial selection, however, was h a p h a z a r d , and an apprec iab le q u a n t i t y of first-
g r ade talc had been re jec ted with the waste rock. Sl ight ly off-colour talc was 
also discarded, and it is reasonable to assume tha t with improved methods of 
handl ing, and the a d j u s t m e n t of s t a n d a - d s of qual i ty , tha t a t least two- th i rds 
of the o u t p u t could be classed as marke tab le g rades—so called " f i r s t s" or 
" seconds"—the p r o p o r t i o n s v a r y i n g accord ing to chang ing s t anda rds . 

Hence , on pure ly geological evidence, it is es t imated t ha t the reserves of 
marke tab le talc amoun t to about 500,000 tons, f o r the recovery of which by 
open-cut methods—it would be necessary to mine a to ta l of about 1,000,000 
tons of rock, which includes an al lowance f o r ba t t e r s in the dolomite a s ' the 

SKETCH By 
D P BOWES 
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S K E T C H V E R T I C A L C R O S S - S E C T I O N IN 
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T A L C 

L E G E N D 
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excavat ion becomes deeper a n d deeper . F o r an a n n u a l p roduc t ion of 2,500 tons 
of f i r s t -g rade talc, a p p r o x i m a t e l y 2,500 tons of second-grade ta lc would also 
be available, in p re sen t s t anda rds , and the deposi t would have a l i fe of 100 years . 

TESTING 
Whils t the s u r f a c e geological evidence provides a clear p ic ture of the re la t ion-

ships of talc minera l iza t ion a n d geological s t ruc tu re in p lan , no geological d a t a 
a r e avai lable to indicate the f o r m of the deposi t below the su r face . 

The concept ion of the shape of the deposi t in d e p t h — a l r e a d y descr ibed—is 
the re fo re largely specula t ive ; and, in the in teres ts of f u t u r e min ing opera t ions , 
it is desirable tha t a small expend i tu re on dr i l l ing should be authorized to remove 
the chief elements of unce r t a in ty , and if necessary, to evolve ent i re ly new 
in t e rp re t a t i on . I t is considered t h a t the three diamond-dr i l l holes shown on 
the p lan would p rov ide sufficient d a t a f o r th is pu rpose . They will also p rov ide 
da t a f o r the es t imat ion of ac tua l and p robab l e reserves, and the design of a 
sound scheme f o r development . The to ta l f oo t age requ i red would be a p p r o x i -
mate ly 800f t . to 1 ,000f t . 
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CONCLUSIONS 
The No. 5 deposit a t Mount Fi t ton is a valuable one of exceptionally high-

grade talc outcropping a t the surface over an area of a little over 2 acres, 
and on pure ly geological evidence is estimated to contain approximate ly 500,000 
tons of marketable grade recoverable by open-cut methods. 

Dril l ing should be under taken as soon as possible to confirm this estimate, 
as well as to guide development work. I t s chief disadvantage is that it is 
situated in a remote locality, which entails high t ranspor t and labour costs; but 
the fo rmer will be considerably reduced when the access road—being financed 
by the Government—is completed; the lat ter , by the installation of mechanical 
equipment. 

The profitable working of the deposit depends on the exclusion, or restriction, 
of impor ts of high-grade talc f r o m overseas; an ample domestic consumption; 
and the introduction of suitable mechanical equipment f o r mining and ore 
dressing. 

Sat is factory solution of the problem of continuous production a t the deposit, 
and the establishment of a successful manufac tu r ing industry in Adelaide, require 
the immediate and careful consideration of the three aspects re fe r red to above 
(8 /6 /48 . ) 
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Chapter 2 

R E G I O N A L G E O L O G Y I N T H E MOUNT F I T T O N TALC A R E A 

BY 

R . C. SPRIGG, M . S C . (SENIOR GEOLOGIST) 

ABSTRACT 
The Mount F i t ton talc deposits lie in an area of regionally metamorphosed 

Adelaide System sediments, flanked to the north and east by grani te complexes. 

29-S2 

The talc deposits occur in an extensive tremolite marble format ion interbedded 
with a series of fluvioglacials and tillites. I n folding, the relatively incompetent 
marble has "flowed" considerably. About its junct ion with the enclosing beds, 
d rag folding and minor fau l t ing has produced weaknesses which have favoured 
the entrance and selective activity of hydrothermal solutions to produce talc 
by processes of metasomatism. 
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INTRODUCTION 
The Mount F i t ton talc deposits are si tuated in a region practically f ree of 

significant soil cover. The country is well dissected by streams, and consequently 
geological s tructures are readily explored. Geological fea tures are essentially 
simple and broad, and much of the broader s t ructure can be delineated on 
aerial photographs . 

The immediate talc a rea (fig. 2) has been mapped in broad reconnaissance 
detail on a scale of 20 chains to the inch, but in order to elucidate the regional 
relations of this more restricted area, a reconnaissance sketch plan has been 
p repared to include several hundred square miles of the surrounding country. 
This lat ter p lan has been prepared largely f r o m tr imetrogon aerial photographs 
and a few field traverses. I t is intended only to indicate broader s t ructural 
features . 

PHYSIOGRAPHY 
The Mount F i t ton area covers por t ion of the north-eastern prolongation of 

the Fl inders Range. I t s more prominent hills range in alt i tude between 1,000ft. 
and 2,000ft. above sea-level. Local phys iography is typically that of a north-
down-tilted exhumed base surface, now in an advanced s tage of dissection. Since 
exhumation of this base surface, there a p p e a r to have been very incomplete 
tendencies toward the establishment of local secondary erosion surfaces. 

Hill tops in general conform with the assumed til ted base surface, and a t 
Mount Babbage and elsewhere the basement rocks are capped by sub-horizontal (? ) 
Eyr i an sediments which have preserved port ions of the base surface intact. The 
age of this surface is not known, but a Mesozoic age is infer red . 

To the east the ancient base-surface is lost below the Lake F rome Pla ins by 
block-faulting. This la t ter f au l t has been active relatively recently (? Kosciusko 
Epoch) as it has disturbed the local ( ? ) Eyr i an format ions considerably. 

Local . stream pa t t e rns are well entrenched on the fossil base-surface, and the 
t runk streams, which are f requent ly very broad, are usually well graded and 
of ten strongly sinuous in their courses. Trunk streams in general t rend north-
wards, pe rhaps under a relict influence of the old nor th-plunging surface, but 
a s t rong control is also exercised by the resis tant grani t ic massifs flanking the 
eastern and nor thern margins of the range. A case of deserted ox-bow or 
meander is recorded on the Mundawatana Creek, and its position is indicated 
in fig. 2. 

REGIONAL GEOLOGY 
Basement rocks in the north-eastern Fl inders Range are Adelaide System 

sediments (Uppe r pre-Cambr ian) which have been folded, regionally meta-
morphosed, granitized, and intruded by granite . 

Stratigraphic Succession 
The sediments of the immediate Mount F i t ton vicinity are predominant ly 

tillites and fluvioglacials, the lat ter f requent ly being calcareous, and carrying at 
least one ma jo r and several smaller limestone horizons. These limestones are 
now tremolitic marbles. 

The sedimentary sequence, commencing with the younger sediments, is as 
fo l lows: 

f t . 
2,000 (-)-) Grey and greenish-grey slates, structureless or laminated, and 

calcareous or tillitic in pa r t . 
50-100 (-)-) Sandy quartzi t ie varves. 
30 Siliceous white quartzite. 
400 Grey laminated calcareous slate. 
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Tiilite and fluvioglacial t i l l i te ; the til l i te includes q u a i t z i t e 
and g ran i t e e r ra t ics of huge dimension, one of which is 
R a p a k i v i t ype g ran i t e measur ing 25 f t . by 10 f t . in ou tc rop . 

Grey laminated slates, wi th beds of yellow tremoli t ic and 
sideri t ic marb le u p to 20f t . in thickness. 

Yellowish t remol i t ic (and ta lc i fe rous) marble . 
Massive tillite, with very l i t t le s t ruc tu re . E r r a t i c s of g ran i t e , 

p o r p h y r y , and quar tz i t e a re very abundan t . Inc ludes several 
more s laty bands . 

The g rea t va r ia t ion in thickness of the marble horizon is due in p a r t to the 
lent icular n a t u r e of the bed, bu t also to rock flowagc unde r app l i ed p r e s su re 
and regional me tamorph i sm. The bed has thickened g rea t ly a long the axis of 
m a j o r fo lds . 

Folding 

Sediments of the Adela ide System have been folded locally, with m a j o r fo ld 
axes directed east and west. Regional cleavage, which is dominan t ly s teep, is 
a l igned in s y m p a t h y wi th this direct ion. Al though the east-west element in fo ld -
ing is most p rominen t ly developed, i t s effect, as viewed on a regional basis, is 
modified somewhat by nor th-south axis c ross-warping . The in teract ion of these 
influences tends to basin and dome fo rma t ion , but such complicat ion is not so 
evident where small-scale s t ruc tures only a re concerned. I n this way the m a j o r 
and minor fo lds c o n f o r m s t rongly with the regional cleavage, and so in the 
res t r ic ted M o u n t F i t t o n area , fo ld ing is s t rongly east-west in charac ter wi th 
west-directed p i tch a t low angles. 

Faulting 
W i t h i n the a rea , f a u l t i n g is genera l ly of only minor s t ruc tu r a l significance. 

The f a u l t n e a r Bil ly Sp r ings , the eas tern block f au l t , and possible shear move-
ments a long po r t ions of the g r an i t e boundar ies a re except ional in this respect . 
On the other hand , in deal ing with the genesis of talc bodies, cer ta in of the minor 
f a u l t s cu t t ing the m a j o r t remoli t ic marb le a re of definite impor tance . The i r 
significance will be discussed la ter . 

Igneous Activity and Metamorphism 
Much of the nor th -eas te rn extension of t he F l i nde r s R a n g e has been subjected 

to low- or med ium-grade regional me tamorph i sm which a p p a r e n t l y accompanied 
gran i t i za t ion and g ran i t e in t rus ion . 

Gran i tes occur in two separa ted masses. T h a t sk i r t ing the eas tern m a r g i n 
of the r a n g e is the no r the r ly cont inua t ion of the M o u n t P a i n t e r igneous complex, 
and a p p e a r s to be la rge ly a ease of g ran i t i za t ion in situ wi th only modera te 
mobil izat ion. I n general , where the wr i t e r has observed i t , the p e r i p h e r y of 
this g r an i t e complex in contact wi th metasediments is a b r u p t , bu t a p p a r e n t l y 
no t of the ins t rus ive type . F o r example, nea r T e r r a p i n n a Wate rho le , the 
a d j a c e n t fluvioglacial t i l l i tes over a t ransverse dis tance of only a f e w f ee t 
become more grani t ic , and finally the m a t r i x and included er ra t ics become 
absorbed in g ran i t i c rock. I t is noted, though, t h a t in this zone there is evidence 
of considerable shea r ing ; to wha t extent this amount s to s ignif icant f a u l t i n g is 
unde te rmined . This is a f a c t o r which requi res much addi t iona l invest igat ion of 
the g r an i t e i tself , much of which exhibits l ineation, t hough t to reflect meta-
sed imenta ry var ia t ions . I n general the di rect ional t ex tu res a p p e a r to be s y m p a -
thetic wi th those of the metased iments sk i r t ing i ts border . This eas tern or 
" T e r r a p i n n a " g ran i t e var ies f r o m highly gneissic to coarsely fe l spa th ic ( R a p a k i v i ) 
types . 

The o ther occurrence—the M o u n t Babbage g ran i t e—is also more a p t l y te rmed 
a g ran i t e complex. To the west, the coarsely f e l spa th ic types a p p e a r to dominate , 
whereas n e a r the south-eas tern m a r g i n the g r a n i t e is s t rongly "gneissic" , and 
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at the actual border it is highly sheared and silicified. On its southern aspect 
the grani te border parallels the adjacent metasedimentary structures fa i r ly fa i th -
ful ly , but elsewhere sedimentary structures run obliquely into the granite. Fau l t -
ing along the margins is the re fore a probabil i ty. I n view of the regional 
s t ructure of the enclosing metasediments, the grani te appea r s to have been 
mobilized, and emplaced bodily, forc ing sediments apa r t . The outline of the 
granite , which is subcircular, appea r s to suppor t a theory of batholithic 
in t rus ion; but the degree of marginal fau l t ing must be investigated before any 
definite assertions of this type can be made. The grani t ic mass is traversed by 
pegmati t ic dykes, and to a lesser extent by doleritic dykes. Dyke rocks rarely 
occur outside the limits of the grani te complexes, and then usually in a narrow 
marginal zone. Such distribution favours ' a theory of the in fau l t ing of the 
grani te masses. However, there are exceptions to this general rule. Mr. S. B. 
Dickinson has noted an amphibolite dyke occurring near Billy Springs, and 
the writer has found what is presumed to be a related dyke format ion within 
the massive tillite ad jacent to the Mount F i t ton track near Billy Springs . 

Beyond the immediate influence of the granites, sediments have been meta-
morphosed to vary ing degrees over a wide area. Slates have become phyllites 
and inf requent ly grade into fine-grained schists, while limestones and dolomites 
have been altered to marbles with or without tremolite, actinolite, siderite, and 
diopside; in extreme cases the marbles may approach tremolitic schists in 
character. Sandstones and quartzites become silicified, and some tillitic horizons 
are schistose or hornfelsic. There appea r s to be no prominent display of 
contact metamorphism ad jacen t the granites, and the ad jo in ing metasediments 
show little sign of pegmati te invasion. In general, metamorphic gradients are 
suspiciously steep in this boundary zone. 

There is a fine development of garne t gneisses in the vicinity of Twelve 
Springs, but these are included within the so-called grani te complexes. 

Phenomena 
With in the Adelaide System sediments the wri ter has discovered a set of 11 

sandstone dykes. They occur in a tillite band s t ra t igraphical ly above the ma jo r 
marble horizon, and their strike coincides with a ra ther poorly developed 
regional joint ing system which lies t ransverse to the regional cleavage and the 
local sedimentary structure. They occur close together and rarely exceed 50ft . 
in length and 2f t . in width. Several show laminations extending f r o m wall to 
wall. The dykes a r e strongly discordant fea tures , and possibly relate to some 
phase in the buckling of the geosynclinal sediments. As they exhibit laminations 
they deserve more careful study, par t icular ly with regard to microscopic s t ructure 
and lamination orientation in relation to the bedding of the enclosing sediments. 
There is a suggestion, f o r example, tha t dyke format ion may have occurred soon 
after the commencement of folding. V 

Mineralization 
The Mount F i t ton area is one of widespread low-grade metamorphism. Copper , 

lead, zinc, silver, and gold have been mined on a restricted scale, and copper 
pe rhaps most successfully. Other minerals include vanadium and bismuth. 
Pract ical ly all of these occur in the metasediments in fissures, although some 
lead occurs as metasomatic replacement deposits in a marble bed near Billy 
Springs. Copper has been prospected within the grani te complexes. Talc is 
now the only mineral being mined locally on a commercial scale. 

Overmass Sediments 
(? ) Eyr i an (Cretaceous or early Ter t ia ry) format ions overlie the basement 

rocks in the vicinity of Mount Babbage, and they dip nor th at a low angle in 
sympathy with the exhumed and dissected base-surface upon which they lie. 
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They were not visited, bu t a p p e a r to be mainly sandstones in various stages 
of siliciflcation, although J . H . Shepherd (personal communication) has recorded 
tillites in them. A f u r t h e r small outlier of sandstones, which seems not directly 
related in view of infer ior location on a later secondary base surface, has been 
noted by S. B. Dickinson on a low divide about 1 mile N E . of Billy Springs . 
These sediments contain vegetable matter , but at present their age in unknown. 
I n the hand specimen, the material has the appearance of certain Jurass ic 
sandstones, but on the other hand, many Ter t ia ry sandy beds, preserved in the 
ad jacen t Frome sunken lands, a p p e a r similar. 

THE TALC OCCURRENCES 
The known talc deposits all occur within the thick regionally metamorphosed 

marble horizon. This format ion is extensively altered to tremolite, and is 
notable fo r considerable and rap id variat ion in thickness along its strike. 

To the present , talc has been found only in the vicinity of Billy Spr ings and 
within the west-pitching m a j o r anticline to the south of tha t locality. However, 
the " p a r e n t " marble is continuous to the south and east, eventually swinging to 
the west in conformity with the south limb of the regional syncline. To the 
north-west of Billy Springs, the bed appea r s to be lensing out, but its continua-
tion is appa ren t ly terminated by a strike faul t . 

The marble horizon has been mapped in broad reconnaissance detail in the 
vicinity of the m a j o r pi tching anticline. Pa r t i cu la r at tention was paid to its 
uppe r and lower face-traces as, except in larger creeks, reliable s t ructural 
informat ion could be observed only with difficulty and some uncertainty. The' 
marble format ion is notably " incompetent" and has buckled extensively into 
minor crenulate folds which are best seen a t the face boundaries (-fl,g. 2 and 
ci'oss-sections). F o r example, on the lower face-trace seven well marked minor 
synclines appea r in a distance of less than 4 miles. On the u p p e r limit, the 
crenulations are not so evenly developed, but many minor undulat ions occur 
superimposed on larger ones. As described previously the marble bed varies 
considerably in thickness, and while some of this variat ion is probably related 
to original sedimentary lensing, the extremes have been heightened considerably 
by rock flowage under stress of deformation. The format ion is thickened along 
crests of the m a j o r anticline and syncline, and thinned out relatively on the 
fold limbs. 

The more impor tan t talc deposits are all si tuated ad jacen t either to the top or 
bottom of the marble bed, and all can be related closely to minor fold axial 
planes or to faul ts . I t would appea r tha t such lines of weakness have provided 
easy access f o r circulating hydrothermal waters a t the time of regional meta-
morphism. 

On purely theoretical grounds it may be anticipated that d rag folding and 
minor fo ld ing would a t ta in best expression near boundary faces of the relatively 
very incompetent marble format ion . At these junctions, dur ing folding, the 
inter-relat ion of more competent slates and tillites with the marble would have 
been expected to in tens i fy deformat ion locally. On the other hand, toward the 
centre of the marble mass, such intense stresses of fo ld ing would tend to be 
dispersed, finding expression in less-confined rock flowage accompanying mineral 
recrystallization. I n this way i t would a p p e a r improbable tha t minor fold axes 
would be t ransmit ted f a i t h fu l ly through the thickness of the marble on any 
simple geometrical p lan . This is well shown in fig. 2 and the cross-sections; 
there appea r s to be no reliable matching of the minor folds on the two faces 
of the marble. I t is agreed therefore , tha t s t ructura l weaknesses in the f o r m 
of minor folds and fau l t s will be most pronounced only ad jacen t to the boundaries 
of the marble format ion , and it is in these zones then tha t hydrothermal solutions 
have been most active in the format ion of talc bodies. 
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Following upon these considerations it is ant icipated that the talc bodies will 
pitch west with the folds, or in the case of the dip faul ts , with the marble face-
traces; they would assume a general compressed pipe-like form. The talc 
deposits will become shallower up-piteh, but they will plunge below the hornfelsie 
fluvioglacials in the reverse direction. 

In exploring fo r new deposits, the submarginal zone of the marble format ion 
should be inspected carefully, par t icular ly where fau l t s can be observed traversing 
the bed facings or where there has been acute minor folding. Already a pre-
l iminary inspection of several such zones has revealed new talc occurrences. 

CONCLUSIONS 
A study of the broader field relationships of the Mount F i t ton talc bodies 

has given a much clearer picture of the genesis of these mineral deposits. A 
set of controls active in the localization of talc ore has operated very strongly, 
and their elucidation has and should continue to be of assistance in the search 
fo r new commercial orebodies. (7 /9 /47 . ) 
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Chapter 3 

M I N I N G O P E R A T I O N S , F L I N D E R S No. 5 T A L C D E P O S I T 

BY 

A . T . ARMSTRONG (STATE M I N I N G ENGINEER) 

Situation:—About 3 miles south of Billy Springs, on Moolawatana Station, 
outside of counties, North-Eastern division. Mineral Lease No. 2876 held by 
G. A. Greenwood, W. B. Greenwood, J. G. Ford, and W. Mackay. 

INTRODUCTION 

Mr. S. B. Dickinson, in his r e p o r t on th is deposit , es t imates "on pu re ly 
geological evidence t h a t the reserves of marke tab le ta lc a m o u n t to abou t 500,000 
tons, f o r the recovery of which—by open-cut methods—it would be necessary 
to mine a to ta l of about 1,000,000 tons of rock which includes an al lowance f o r 
ba t t e r s in the dolomite as the excavat ion becomes deeper and deeper" . (See 
p a g e 73.) 

R e f e r r i n g to the p roduc t ion of 600 tong of f i r s t -grade ta lc f r o m the or ig inal 
shallow open cuts he s ta tes t h a t — 

"Measuremen t s of these open ings indicated t ha t the to ta l quan t i t y of 
mate r ia l mined was abou t 1,910 tons ; t ha t is, the p roduc t ion of 1 ton of 
f i rs t -grade, ca re fu l ly selected talc had requ i red the removal and dress ing 
of 3 tons of rock. This ini t ia l selection, however, was h a p h a z a r d , and 
an apprec iab le quan t i t y of f i r s t -grade tale had been re jec ted with the 
waste rock. Sl ight ly off-colour ta lc was also •discarded, and it is reason-
able to assume tha t wi th improved methods of handl ing , and the a d j u s t -
men t of s t anda rds of qual i ty , t ha t a t least two- th i rds of the o u t p u t could 
be classed as marke tab le grades—so-cal led ' f irsts ' or ' seconds '—the p r o -
por t ions v a r y i n g according to changing s t anda rds . " 

WORKINGS A N D SELECTION OF TALC 
The main work ing is still the western open cut . The wes tern por t ion of 

t he T-head has been extended to the outs ide of the hill s lope m a k i n g the 
main f a c e abou t 100f t . long. The small " i s l and" of ta le l e f t by th is opera t ion 
between the old and new en t rances to the q u a r r y is now being removed. 

The main f a c e is f r o m 8 f t . high a t the wes te rn end to 1 5 f t . high a t the 
eas tern end of the q u a r r y . 

The talc is qua r r i ed by bor ing shor t 3 - f t . to 4 - f t . holes and f ir ing them 
with gelignite. The f aces a r e worked down f r o m the top , and the firing 
b reaks or sha t te r s a lot of mater ia l tha t is a f t e r w a r d s ba r red down. 

The ta lc is hand-spa l led a t the faces and selected in to grades . The main 
classifications a r e : 

1. Special first grade. 
2. First grade for the dressing-table—discards to second grade. 
3. Fine Tun-of-mine. 
4. Second grade. 
5. Fines for screening— 

(а) Fine run-of-mine. 
(б) Discard to waste. 

6. Waste. 

A t the t ime of the inspect ion, owing to t r a n s p o r t difficulties, only first-
g r ade mate r ia l was be ing sent in to the ra i lway—some of it special mater ia l , 
the res t han\J-dressed. 
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The special material was collected into piles in the quar ry pending ship-
ment. The material f o r the dressing-table was loaded on a motor t ruck as 
soon as it was spalled- and taken to the table. 

The other grades were taken in the t ruck and dumped a t app rop r i a t e 
points awai t ing f u r t h e r handling fo r t r anspor t to the rai lway a n d / o r selection. 

The mater ial f o r the dressing-table is unloaded into piles behind the 
operators . The spalls of talc are broken to roughly 6-in. pieces and trimmed 
with tomahawks. The dressed material is bagged in hundred-weight bags. 

DISCUSSION 
I n the following analysis of the operat ions of the company at the quarry , 

emphasis is placed o n : 
(1) Transpor t f r o m the mine to the railway. 
(2) Selection and dressing of various grades of talc at the mine. 
(3) The quar ry ing of the talc. 

Transport 
Each of the above mat ters affects the other two. Transpor t has been 

placed first because f o r all pract ical purposes the production f r o m the 
deposit is the amount of talc t r anspor ted to the railway. 

At the present time an ar rangement with various contractors gives the 
mine a very haphazard service. I t would a p p e a r that the contractors send 
vehicles out to the mine when they can spare them. 

I t is understood tha t the company is aiming to produce 100 tons of talc per 
week, say, 50 tons of first-grade and 50 tons of second-grade material . At least 
12 t r ips would have to be made with 10-ton t rucks to move the 100 tons to the 
railway. Each t r i p would take 1J days to 2 days under normal circumstances. 

Allowing f o r spare or relief vehicles, six 10-ton t rucks would be needed to 
carry on an unin ter rupted service. 

Selection and Dressing Af Talc 
Firs t -grade talc is now dressed at the mine. The operat ion per fo rmed on the 

dressing-table a t the mine could be done jus t as well away f r o m the mine. A 
tomahawk is used to break the lumps of talc and to t r im the impuri t ies f rom 
the edges, and a wire brush cleans any outside stains away. At a special table 
there are several circular wire brushes worked by mechanical means. 

Exper iments are to be made on selected talc in Adelaide to determine whether 
the ore can be dressed or beneficiated by metallurgical means. 

There are a number of possibili t ies: 
(a) An overall t rea tment of run-of-mine ore. 
(b) Treatments fo r selected grades roughly sorted in the quarry . 
(e) Hand-dress ing aided by mechanical handl ing in a t rea tment plant . 

The first possibility seems very remote, so, in view of the f ac t that one-third 
of the ore is waste, the ore should be sorted as early as possible in its handl ing 
to eliminate this waste rock and ?.void as much contamination as possible. 

The procedure best suited to present conditions a t the mine is to sort the ore 
into grades in the quar ry while the talc is in f reshly broken lumps. 

Quarrying 
The talc deposit has a rough east-west strike with a schistosity d ipping to the 

south a t a f a i r ly steep angle. The safest way of working the deposit is to have 
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the f a c e of the q u a r r y a t r i gh t angles to the str ike. W o r k i n g across the beds, 
the f a c e would be sub jec t to s l ips on the cleavage p lanes . 

A be t te r chance of selective min ing would also be a f forded by a f ace r u n n i n g 
across the s t r ike . The va r i a t ion in the qual i ty of the talc f o r the most pa r t 
fol lows the cleavage, and the f a c e of the q u a r r y would show a cross-section of 
the deposi t . I t is recommended tha t the cu t t ing be extended across the width 
of t he deposi t as soon as possible. This move will enable the company to open 
u p two f aces a t r i g h t angles to t he s t r ike f o r extension to the ends of the 
deposi t . A t this s tage i t seems more t han .likely t ha t much of the value of the 
ta lc will depend on the p r e l i m i n a r y sor t ing of the b roken mate r ia l in the f ace 
of the q u a r r y . Seeing tha t , to date, no specific meta l lurgica l t r e a t m e n t has been 
evolved f o r the beneficiat ion of r u n of mine ore, selection of the ma te r i a l will 
most l ikely be necessary because of the amoun t of waste rock in the deposi t . 
Costly hand- so r t ing seems inevitable since i t is no t feas ib le to in t roduce much 
mechanica l equ ipmen t to hand le the b roken mater ia l , a s tep t ha t migh t be 
possible if an overall c leaning process were discovered to r id the broken mater ia l 
of was te and clean u p the talc. 

Sub jec t , the re fore , to the resul ts obta ined in the p re sen t series of metal lurgical 
tests, i t seems likely t h a t selection will be by hand sor t ing in the q u a r r y . On 
this assumpt ion , the fo l lowing recommendat ions a r e m a d e f o r the hand l ing of 
broken mate r ia l a t t he m i n e : 

(1) T h a t a sk ip -and -dumper system be in t roduced f o r the hand l ing of 
the ma te r i a l in and f r o m the q u a r r y . A series of small sk ips a r e 
p laced a t sui table po in t s n e a r the face . A s these a re filled a 
motor vehicle p icks them u p and takes them to d u m p i n g poin ts . 

(2 ) T h a t a 100-ton bin be prov ided to s tore t he selected g rades of talc. 
The bin should be divided into f o u r 25-ton compar tmen t s—one 
f o r special mater ia l , one f o r first-grade talc, one f o r second-grade 
talc, and one spa re . 

A f u r t h e r recommendat ion is made t ha t the t o p foo t of the f a c e be removed, 
o r a t least the very weathered surface- ta lc , b e f o r e the f aces a re shot down f o r 
sor t ing . 

W i t h the sk ip - and -dumper system i t would be possible, a f t e r the p r e l im ina ry 
hand-sor t ing , to dispose of the ta lc wi th a min imum of hand l ing . E a c h steel 
b in will be t aken either to the waste d u m p or to a c o m p a r t m e n t of the ma in 
s to rage bin. F r o m the s torage bin i t will be loaded into motor t r ucks f o r 
t r a n s f e r e n c e to t he ra i lway. 

ECONOMIC ASPECTS 

(1 ) Es t ima ted o u t p u t p e r week (based on p r e s e n t commitments) : 
tons 

50 tons first grade tale 50 
50 tons second grade talc 50 

100 

•equivalent to, say, 5,000 tons p e r y e a r f o r the nex t five years . W h e n the deposi t 
i s opened u p more, i t would be capab le of a l a rge r o u t p u t . 

(2) Es t ima ted value of ta lc on t rucks a t Adela ide ( cu r r en t p r ices a n d f r e i g h t ) : 
per ton 
£ s. d. 

Price of first-grade talc on trucks at Lyndhurst Siding . . 10 10 0 
Price of second-grade tale on trucks at Lyndhurst Siding . . 7 10 0 

Average price £9 0 0 
Plus rail freight, Lyndhurst to Adelaide 2 13 5 

Value of talc on rail trucks, Adelaide £11 13 5 
Value, on trucks at Adelaide, of years production of 5,000 tons = £58,355. 



88' 

(3) Es t ima ted cos ts : 
£ s. d. 

(а) Rail freight, Lyndhurst to Quorn, per ton 1 2 10 
Eail freight, Quorn to Adelaide, per ton 1 10 7 

£2 13 5 
Total freight as percentage of total value— 

5,000 X £2 13s. 5d. 
= X 100% 

£58,355 
£13,355 

= X 100% 
£58,355 

= 22-8% or £13,355 per annum. 
Freight on S.A. Eailways as percentage of total value— 

5,000 X £1 10s. 7d. 
= X 100% 

£58,355 
£7,646 

— X 100% 
£58,355 

= 13-1% or £7,646 per annum. 
(б) Number of men employed at the mine at present for production of 50 tons: 

men 
Quarrying and camp 8 
Talc dressing 5 

13 
In addition there are 4 or 5 men engaged in carting the talc to the railway. 
With the quarry opened up for production of 100 tons per week, and the 

dressing of the talc done, say, in Adelaide, total requirements would be— 
men 

Cartage to railway 5 
Quarrying and camp 10-12 

15-17 
(c) Estimated costs at the mine based on present output: 

per ton 
£ s. d. 

Quarrying 1 10 0 
Dressing 2 5 0 
Cartage 3 0 0 

£6 15 0 
(4) I n the event of cheaper mate r ia l becoming avai lable f r o m other sources, 

the mine is not l ikely to close down. I n the f i rs t place, half the to ta l p roduc t ion 
f r o m this mine is covered by agreement respec t ing sale. I n the second, cheaper 
mate r ia l is avai lable now in compet i t ion with the remainder . I t is the qual i ty 
of the ta lc t h a t ensures i ts sale, and makes very remote the chance of s t o p p a g e 
due to compet i t ion wi th cheaper mater ia l . 

(5) I t should be ment ioned here tha t , in accordance wi th the agreement 
r e f e r r e d to above, a c rush ing and g r i n d i n g p l a n t is a t p r e sen t being erected in 
Adela ide to p r e p a r e t he talc f o r m a n u f a c t u r e r s . This p l a n t will handle o ther 
mate r ia l s besides talc. I t is es t imated t ha t the 35-45 employees will spend roughly 
a t h i rd of the i r t ime on M o u n t F i t t o n talc. So tha t , in consider ing the employ-
ment a t t r ibu tab le to the ta lc mine, an addi t iona l 12 men a t least should be added 
to the mine to ta l since the new crush ing p l a n t will do work which is now being 
done on this ta lc in Melbourne and Sydney . 

(6 ) F u r t h e r , the value of the milled p roduc t will be a p p r o x i m a t e l y £19 p e r 
ton ex Adela ide works, as aga ins t £11 13s. 5d. p e r ton unmilled on t rucks Adelaide. 

(7) The mil l ing company , S. N. R o d d a P t y . Ltd. , advises t h a t f o r the first 
two years a f t e r the p l a n t commences opera t ion , and possibly longer, 3,000 tons 
of milled ta lc p e r a n n u m will be sent by ra i l , via Broken Hi l l , to Sydney . The 
3,000 tons would no t necessari ly be f r o m Moun t F i t t o n . 
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(8)' F r e i g h t charges on this mate r ia l to Cockburn , on the New South W a l e s 
border , would a m o u n t t o : 

Adelaide to Cockburn, per ton 35s. 6d. 
On 2,000 tons (estimated Mount Fitton talc) the total freight 

per annum would be £3 550. 

SUMMARY 
1. The po ten t i a l t onnage of talc in the deposi t (500,000 t o n s ) , i ts excellent 

g rade , and the g u a r a n t e e d m a r k e t f o r i t m a k e the exploi ta t ion of the deposi t 
a ve ry a t t rac t ive one. 

2. The p re sen t q u a r r y i n g opera t ions a r e l imited, since the o p e n i n g u p of the 
deposi t is no t very f a r advanced. A t t en t ion should be pa id to the necessi ty of 
work ing across the deposi t unt i l it is possible to t u r n the faces so as to work 
a long the s tr ike. The p re sen t f ace is on the d i p of the talc because of the 
m a n n e r in which the deposi t had to be opened u p . 

3. H a n d sor t ing is being done in the q u a r r y a t the p re sen t t ime. I t seems 
most l ikely tha t , whe ther the ta le is dressed or beneficiated by mechanical means 
be fo re the m a n u f a c t u r e in to goods, h a n d sor t ing will be necessary in the q u a r r y 
to m a i n t a i n the high s t a n d a r d requ i red by m a n u f a c t u r e r s . 

4. E x p e r i m e n t s a re now being made to see whether it is possible to improve 
the g r a d e of run -o f -mine or selected mater ia l by meta l lurgica l means . 

5. These exper iments m a y have some bea r ing on the quest ion whether the 
dress ing or beneficiation of the ta lc should be done on the mine or a t some o ther 
m o r e convenient centre . The main po in t in f a v o u r of doing the work on the 
mine would be t ha t all was te mate r ia l would be el iminated a n d no f r e i g h t would 
be p a y a b l e on this excess waste mater ia l . However , since the amoun t of waste 
in selected g rades of ta lc is very low the po in t is no t very i m p o r t a n t . 

6. S ta t i s t ics (covering, say, the nex t five yea r s ) : 
Estimated output from mine—first- and second-grade 

5,000 tons per annum 
Value of talc on trucks Adelaide £11 13s. 5d. per ton 
Total value on trucks Adelaide £58,355 per annum 
Value of milled talc ex works Adelaide £19 per ton 
Total value of milled talc ex works Adelaide . . . . £95,000 per annum 
Total freight on 5,000 tons crude talc on S.A. Bail-

ways, Quorn to Adelaide £7,646 
Total freight on possible 2,000 tons milled talc 

S.A. Railways, Adelaide to Cockburn £3,550 
Men employed at mine: 

Mine 8 
Dressing 5 
Cartage 4 

17 
Men to be employed at grinding mill, Adelaide . . 12 

7. Mate r ia l s handl ing . 
I t is r e commended : 

(1) T h a t a sk ip -and -dumper system be in t roduced into the q u a r r y to 
enable the selected ta lc to be handled in g rades quickly, efficiently, 
and wi thout con tamina t ion . 

(2) T h a t a bin of 100 tons capac i ty be erected, hav ing f o u r 25-ton 
compar tmen t s f o r the s to rage of selected talc. 

(3 ) Tha t the t r a n s p o r t sys tem a t p re sen t in use to get the ta lc to the 
r a i lway be revised. I n t ha t count ry , f o r the o u t p u t desired, 
six 10-ton t rucks would be needed to ensure t h a t the re would be 
f o u r avai lable f o r ca r t ing all the t ime. ( 4 / 4 / 4 9 . ) 
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Chapter 4 

B E N E F I C I A T I O N O F T A L C F R O M M O U N T F I T T O N 

BY 

N . JACKSON, B . E . , A . S . A . S . M . (METALLURGICAL ENGINEER) 

INTRODUCTION 

This r e p o r t discusses the impur i t i e s in the M o u n t F i t t o n ta lc depos i t ( F l i n d e r s 
No. 5 ) , and cons iders : 

(1 ) The requ i rements of a sor t ing p rocedure to e l iminate hand dress ing. 
(2) The possibi l i ty of mechanical beneficiation to increase the p r o p o r -

t ion of f i r s t -grade ta lc available. 

SUMMARY 

(1 ) F o u r t ypes of impur i t i e s a re noted, and a s imple sor t ing p rocedure 
discussed. 

(2) Ass is tance f r o m mechanical beneficiat ion depends on the abi l i ty to 
s epa ra t e chlori te f r o m talc. 

( 3 ) The measurement of the whiteness of ta lc is discussed. 
(4) S e p a r a t i o n tes ts were a t t e m p t e d in a d r y way, bu t wi thout u se fu l resul ts , 

b y -
(o) d i f ferent ia l g r ind ing , 
(b) e lectrostat ic separa t ion , 
(c) magnet ic separa t ion . 

(5) Sepa ra t i on by wet g r i nd ing and f lotat ion was more successful , bu t the 
p roduc t a f t e r wet t ing was not acceptable to the cosmetic indus t ry . 

GENERAL 

The geology of the Moun t F i t t o n ta lc deposi t has been described b y S. B. 
D i c k i n s o n , ' 1 ' * the minera logy by F . L. Stillwell a n d A. B. Edwards , ( 2 > and 
the min ing b y A. T. A r m s t r o n g . 

The ta lc is sor ted into several grades , some of which a r e hand-dressed . A f t e r 
mil l ing only two g rades a re m a r k e t e d : 

(a) f irst g r ade f o r cosmetics, 
(b ) second g r a d e f o r indus t r i a l uses. 

The value of the depos i t would be increased if a g rea te r p r o p o r t i o n of the 
ta lc could be sold as f i rs t g rade , or the expensive hand-dress ing could be elimin-
ated. S o r t i n g and dressing, or mechanical beneficiation, would have to cost 
less t h a n the pr ice difference of £3 f o r each ton of ex t ra f i r s t -grade ma te r i a l 
obta ined. The n a t u r e of the sor t ing or beneficiation possible has been investi-
ga ted b y examina t ion of the var ious impur i t i e s p resen t in the ore. The charac te r -
istics requ i red of the cleaned talc a re discussed. E a c h of the impur i t i e s is 
then considered in the l ight of these requi rements . 

IMPURITIES PRESENT 

Samples were t aken a t the mine which is o p e r a t i n g on No. 5 deposi t . Speci-
mens of inclusions which can be selectively re jec ted in min ing were no t con-
sidered. I n each sample a d i f ferent i m p u r i t y was emphasized. These a r e : 

( а ) i ron oxide s ta in a n d red clay inclusions in the cleavage cracks, 
(б ) h a r d scale of l ime-bear ing mate r ia l in the cleavage cracks, 
(c) g rey bands of chlorit ic mater ia l , 
( d ) pa le -grey disseminated chlorite. 

Analyses b y the D e p a r t m e n t a l Ana lys t , T. W . Dalwood, a re shown in table I . 
They a re compared with clean ta lc f r o m the No. 4 deposi t . 

* See "References" listed at end of report. 
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T A B L E I 
M O U N T FITTON TALC ANALYSIS 

Sample SiOa Ala03 Fe 2 0 3 FeO MgO CaO 
HaO 
over 

100°C. 

Iron stain 56-14 4-34 0-30 0-52 32-30 0-08 6-56 

Lime scale 57-76 2-96 0-21 0-52 31-10 1-04 5-69 

Chloritio bands 51-58 8-38 0-21 0-68 31-34 0-06 7-53 

Disseminated chlorite . . . . 53-36 5-88 0-50 0-48 32-78 0-06 7-26 

No. 4 olean 62-16 0-61 0-13 0-45 32-06 — 4-51 

REQUIREMENTS OF PRODUCT 
The cleaned talc has to be sui table f o r a pa r t i cu l a r section of the cosmetic 

indus t ry , which demands t h a t the ta le has to r ema in dry, as we t t ing of the ta lc 
affects the p r o p e r t y of " s l ip" . Also the pa r t i c l e size of the g r o u n d mater ia l 
has to be such t h a t the p la te le t n a t u r e of the crysta ls is p reserved . E x t r e m e 
fineness in g r i n d i n g is no t allowable. The colour of the ta lc has to be be t te r 
t h a n a s t a n d a r d of whiteness set by the consumers . The acid solubil i ty has to 
be lower t han 2-5 p e r cent, to give a mate r ia l whose pe r fume- f ix ing p rope r t i e s 
a re sui table. T h e loss on igni t ion mus t be lower t han 5 pe r cent. 

DESCRIPTION OF IMPURITIES 

Red Iron Stain 
The talc which carr ies i ron s ta ins and red clay seems to be confined to a small 

po r t i on of the s u r f a c e of the deposi t . Small quant i t ies reduce the whiteness of 
t he talc. The mined mate r ia l is sp l i t wi th a hand-axe a long the cleavage cracks, 
and all coloured mate r ia l removed with a wire brush . I f i t is necessary to mine 
this po r t i on of the deposi t , the ta lc should be d u m p e d in an isolated stock-pile, 
to be used as a m a r k e t demands . 

Lime Scale 
The h a r d lime-scale which fills the cleavage cracks in some s u r f a c e a reas is 

the mos t i m p o r t a n t i m p u r i t y a t the moment . I t should be p re sen t in s u r f a c e 
ma te r i a l only, and will affect a smaller p a r t of the p roduc t as development 
proceeds. The ta lc is spl i t a long the cleavages and . sc raped clean wi th a hand-axe , 
as the wire b rushes a r e no t very effective. I f the ta le is crushed d r y the lime 
coa t ing t ends to flake a w a y and accumulate in t he fines. 

Chloritic Bands 
I r r e g u l a r bands of chlori t ic mate r ia l occur th roughou t t he orebody, n o t neces-

sa r i ly in the direction of the cleavages. These bands a re cut f r o m the spal ls 
wi th a hand-axe . They a r e h a r d e r t han the talc, give the milled p r o d u c t an 
i n f e r i o r slip, and reduce the whiteness. The mate r ia l would be la rge ly s epa ra t ed 
f r o m the ta lc if reduced to minus 6-in. pieces. These can be readi ly sor ted 
because of the colour difference. 

Disseminated Chlotite 
Pale -grey a reas of talc a r e f o r m e d by dispersed chlorite. This mater ia l is 

genera l ly sor ted into second-grade talc, as it affects s l ip a n d colour as do the 
s la ty chlorit ic bands, bu t to a lesser extent . The mate r ia l shades f r o m nea r 
whi te to the s la ty bands . The p r o p o r t i o n allowed in to f i r s t -grade ta le is 
decided f r o m the milled p roduc t , which mus t be super io r to a "min imum 
accep tance" s t a n d a r d suppl ied by the consumers . 
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SORTING AND DRESSING 

The economics of the hand-dressing operations, and consideration of the place 
a t which sort ing should be done is discussed by A. T. Arms t rong . ' 3 ) F r o m 
consideration of the above impurit ies, and the requirements fo r cosmetic talc, 
the following is suggested: 

(a) ironstained mater ial to be l e f t in place, or if mined, stacked in place, 
(b) talc with lime scale to be coarse crushed and fines eliminated. A t 

the moment this would probably app ly to the whole production, 
(c) chloritic bands and talc, with dispersed chlorite, to be sorted at 

the face, as second-grade talc. 

MECHANICAL BENEFICIATION 

To increase the propor t ion of talc available as first grade, it is necessary to 
find a method f o r separat ion of the chlorite and talc, as chlorite is the impur i ty 
which can be expected to persist throughout the orebody. The samples used 
f o r tests were those high in chloritic material, because, unless some success 
could be obtained with these, there was no point in testing a sample representat ive 
of the mine output . Samples containing iron and lime were generally subjected 
to the same tests. The methods investigated were : 

(a) gravi ty separation, 
(b) differential grinding, 
(c) magnetic separat ion, 
(d ) electrostatic separat ion, 
(e) flotation. 

COLOUR OF MILLED TALC 
I t became evident, a t the commencement of the test work, tha t complete 

chemical analyses would take an undue propor t ion of time. There seemed to ; 

be no one assay to give a lead to the percentage impur i ty except pe rhaps 
alumina (see table I ) , which takes almost as long as the complete analysis. The 
measurement of off-whiteness of the colour would give a measure of the useful-
ness of the tale. I t was expected that if enough chloritic material was removed 
to give a suitable whiteness, then the other proper t ies would also be sat isfactory. 
I n the case of lime, a simple acid extraction would suffice, as the lime included 
in the talc molecule could not be regarded as separable. 

The question of how much grey material could be allowed in the first-grade 
talc has depended in the pas t on the s tandard set by the consumer. This has 
been checked by visual comparison. Some consideration has therefore been 
given to the measurement of colour. Ra lph M. E v a n s ' 4 ' s ta tes : 

"Photoelectric measurements and the like are basically less precise than 
the equivalent measurement by a t rained observer. This fac t is so f r e -
quently overlooked when instruments are considered tha t some phases of 
the subject are becoming confused. Such instruments are convenient, 
rap id , repeatable, and economical if proper ly designed and operated. 
With ra re exceptions, these are their chief recommendations, however, not 
higher precision. The f ac t that two instruments will give the same 
reading, whereas two observers may not, comes under the head of con-
venience, not precision." 

Measurement of Colour 

The variables in measuring colour, such as na ture of light, position of light 
and object, and position and type of receptor, can be standardized f o r one 
instrument, so tha t results are repeata.ble. Fur the r , if reflectance measurements 
are confined to one surface- type they become comparable. If the spectral 
reflectance curves have steep gradients they can only be plotted with a series 
of light rays restricted to a narrow region of wave lengths. These are obtained 
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m a spec t ro -pho tomete r us ing a q u a r t z p r i s m a n d selecting slit . W h e n the 
reflectance curves a re not s teep, a cheaper i n s t rumen t us ing Alters which provide 
l ights of somewhat wider bands of wave lengths m a y be used. This abr idged 
t y p e is sui table f o r compar i son of pe rcen tage ref lectance of su r f aces s imilar" in 
colour and tex ture . 

I f the colour of the talc is grey, because of a genera l lowering of ref lectance— 
as is caused by chlor i te—then to ta l reflectance may be measured . I t is desirable 
to correct the yellow l ight source and the character is t ics of the recep tor to 
give a resul t similar to t h a t of dayl ight as source and the eye as receptor . A 
filter used f o r th is p u r p o s e is called a " spec t ra l r e sponse" filter. In the case 
of an i m p u r i t y which mixes a colour with the whi te talc, the reflectance would 
be least, or the i n s t rumen t most sensitive, if the fil ter used cut out l ight of 
the colour of t he impur i t y . Thus i ron oxide, g iv ing a red colour, can best be 
measured with l ight f r o m a filter which el iminates red f r o m white l ight, and 
gives "minus - r ed" l ight. A reflectometer of the abr idged t y p e has been used in 
the fo l lowing work because of i ts convenience in p rov id ing f igures which can 
be logged f o r p u r p o s e s of compar ison and record. I t is sui table because the 
su r f aces measured a re similar , and colours compared a r e of the same hue, bu t 
va ry ing sa tu ra t ion . I t mus t be remembered, however, t ha t the ins t rument ' will 
no t detect differences which a re j u s t percept ib le to the eye. 

Instruments Used 
The i n s t rumen t p rov ided by E v a n s Elec t ro Selenium Ltd . is built to a design 

app roved by the P a i n t Research S ta t ion of Grea t Br i t a in . I t uses a low-
in tens i ty l ight wi th a series of filters in a search un i t a t t ached by necessary wires 
to a meter uni t . The search un i t is placed on a sample of ta lc powder , and 
diffused reflected l ight , received by a photo cell in the uni t , is measured on the 
meter . Tota l reflectance is measured us ing the spec t ra l response filter, and a 
block of magnes ia as s t anda rd , to set the meter on 98 pe r cent reflectance. ~ The 
search un i t is then t r a n s f e r r e d to the sample of powder and the compara t ive 
reflectance noted. W i t h the coloured filters the logar i thmic scale on the meter 
is used, and the M o u n t F i t t o n No. 4 talc is used as a s t a n d a r d of whiteness. 
The figure of 10 is t aken as an a r b i t r a r y s t anda rd , and when the search un i t is 
t r a n s f e r r e d to the sample the increase or decrease in t ha t p a r t i c u l a r p a r t of the 
spec t rum is noted. 

Table I I shows the pe r cen t age ref lectance of the ta lc samples . All reflect more 
of the blue end of the spec t rum than the s t anda rd . The i ron-s ta ined sample 
reflects compara t ive ly more red and yellow. 

T A B L E I I 

REFLECTANCE M E A S U R E M E N T S OP TALC S A M P L E S 

Sample Spectral 
response 

Minue 
blue 

Minus 
red 

Minus 
yellow 

Minus 
green 

Mount Fitton No. 4 
per cent 

95-5 10 10 10 10 
Minimum acceptance 93-5 101 101 101 101 
Iron stained 88-5 10-5 10-6 10-5 10-4 
Lime scale 89-0 10-5 10-3 10-2 10-2 
Chloritic brands 88-0 | 10-5 10-4 10-3 10-2 
Disseminated chlorite 90-5 10-3 10-2 101 101 
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Variations of Particle Size 

I n us ing the ref lectometer f o r compar i sons i t was assumed t h a t the s u r f a c e 
t ex tu r e was t he same. W i t h a mix tu re of ta lc and chlori te a t var ious sizes the 
a p p e a r a n c e to the eye changed f r o m a " p e p p e r - a n d - s a l t " effect to one of 

1 u n i f o r m greyness as t h e size of the par t i c les was reduced. The effect of th is 
s ize-reduction on the ref lectometer was noted. A F i she r sub-sieve sizer was used 
to give a nomina l ave rage par t ic le d iameter in each sample . I t is realized t h a t 
due to shape effects, etc., th is f igure is only u se fu l f o r compar i sons of the same 
mater ia l g round wi th s imilar s ize-distr ibut ion. 

TABLE I I I 

REFLECTANCE WITH VARIATIONS I N SIZE OF PARTICLES 

Sample Grind Reflectance Minus 
red 

Fisher 
reading 

Mount Fitton No. 4 
minutes per cent 

95-5 10 3 1 

i 88-5 10-4 5-7 

1 89-0 10-4 5-3 

3 89-5 10-3 4-5 

6 89-5 10-3 3-9 

£ 85-0 10-5 6-4 

1 86-5 10-5 5-2 

3 87-5 10-4 4 1 

6 88-5 10-3 3-4 

12 88-5 10-3 3-2 

24 87-0 10-4 :2*9 

Disseminated chlorite * 87-0 10-5 5-5 Disseminated chlorite 

1 87-5 10-4 4-6 

Disseminated chlorite 

3 88-0 10-4 4-0 

Disseminated chlorite 

6 88-0 10-4 3-7 

Table I I I indicates t h a t a lower reflectance is obta ined with coarse samples , 
bu t the effect is no t recorded below a F i s h e r r ead ing of a p p r o x i m a t e l y f o u r . 
A s the s t a n d a r d M o u n t F i t t o n No. 4 talc, as p r e p a r e d f o r cosmetic use, has a 
F i she r r ead ing of 3-1, this is sa t i s fac to ry . The su r faces f o r compar ison were 
p r e p a r e d by smoothing level the powder in a pe t r i e dish, wi th a flat glass p la te . 
No differences wi th change in pack ing densi ty were a p p a r e n t wi th ma te r i a l 
g round to give a F i she r r ead ing less t han f o u r . Gr ind ing was done in a locally 
made r ing-rol ler mill to be described la ter . The excessive g r ind ing (24 min. ) on 
the chlori t ic-band sample gave a dis t inct g rey colour, p robab ly due to abraded iron. 

BENEFICIATION TESTS 
Gravity Separation 

Talc samples when powdered a r e difficult to wet. Specific g rav i ty de te rmina-
tions were made on mater ia l minus 10 mesh and p lus 48 mesh, Ty le r screens. 
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The resul ts shown in tab le I V indicate t ha t no use fu l s epa ra t ion would be 
achieved m equ ipment avai lable f o r g rav i ty sepa ra t ion . 

TABLE IV 
SPECIFIC GRAVITY OP TALC SAMPLES 

No. Sample Specific 
Gravity 

1 First white 2-68 
2 Chloritic bands 2-60 
3 2-66 2-66 

Differential Grinding 
The five samples obta ined f r o m the mine were crushed in a l abora to ry jaw-

breaker , and then passed th rough l abo ra to ry rolls. Three of the products , as 
listed in table V, were sieved on screens to give f o u r f r ac t ions , each of which 
was pulver ized f o r reflectance measurements . The resul t s indicate, in all cases, 
some segregat ion of impur i t i e s in the minus-200 por t ion . A p p a r e n t l y scal ing 
effects a re more i m p o r t a n t than specific ha rdness in de te rmin ing the d is t r ibut ion . 
This would be expected with the clay and lime, but not with the chlorite. 

TABLE V 
PER CENT REFLECTANCE PROM ROLL PRODUCTS 

Sample Mesh Weight Reflectance B j R y G 

Red 
stain 

Plus 8 
per cent 

31-4 
per cent 

89 
1 

10-5 | 10-5 10-5 10-5 Red 
stain 

8/28 44-6 91 | 10-3' | 10-4 10-4 10-3 

Red 
stain 

28/200 17-6 88-5 | 10-5 10-6 10-6 10-5 

Red 
stain 

Minus 200 6-4 87 j 10-5 10-7 10-7 10-6 
Lime 

scale 
Plus 8 25-6 90-5 | 10-3 

l 
10-3 10-3 10-3 Lime 

scale 
8/28 47-2 90-5 10-3 | 10-3 10-3 10-3 

Lime 
scale 

28/200 17-6 90-5 10-3 10-5 10-3 10-3 

Lime 
scale 

Minus 200 9-6 1 89 1 10-5 
! 1 

10-5 • 10-5 10-4 

Chloritio 
bands 

Plus 8 32-6 | 88-5 10-6 10-4 10-5 ( . 10-5 Chloritio 
bands ' 8/28 43-2 87-5 10-6 10-5 . 10-5 10-5 

Chloritio 
bands 

28/200 160 87-5 j 10-6 j 10-5 10-5 10-5 

Chloritio 
bands 

Minus 200 8-2 
i 

86-5 • ; 10-1 1 10-6 
i ! 

10-7 10-6 ' 

In some talc mills silica is s epa ra t ed f r o m tale by use of a " th row o u t " in 
the mil l ing or pu lver iz ing circuit . Some tes ts were made to see if the difference 
between specific ha rdness of impur i t i e s and ta lc would affect the i r g r indabi l i tv . 

F o r fine g r i nd ing a small r ing-rol ler mill, which can t r ea t batches of 200-600 grn., 
was used. I t consists of two rollers, 2 i i n . in diameter , on hor izonta l swinging 
arms, a t tached to a ver t ical spindle ro t a t ed a t 570 r .p .m. The rol lers a re con-
fined by a hardened-s teel r i n g 7£in. in d iameter , and 2in. deep. The r i n g and 
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rol lers a re enclosed in a ver t ical cyl inder which has two l i - i n . open ings a t the 
top , f o r f eed ing the sample . At tached to the ver t ical spindle a r e two horizontal 
blades f o r t h rowing ma te r i a l f r o m the base of the cyl inder back aga ins t t he 
g r i nd ing r i ng . 

The mill can also be r u n in circui t wi th a s t a n d a r d l a b o r a t o r y Fede ra l 
classifier. The f a n of the classifier is used to c a r r y the feed th rough the mill 
and into the sett l ing-cones. The p r o p o r t i o n of mate r ia l caugh t in the coarse 
and fine set t l ing-cones can be var ied by a d j u s t i n g the a i r flow in the circuit 
us ing a series of s t a n d a r d res t r ic t ions suppl ied wi th the classifier. A f t e r some 
scout tests the fo l lowing p la tes were u s e d : 

Orifice at M = fin. 
V = 1-iin. 
G = 1 3/i«in. 

The feed to the mill was obta ined f r o m the roll p roduc t of the prev ious test . 
A sample of 500 gm. was added over a per iod of 8 minutes . The p roduc t s f r o m 
the two cones a r e shown in table V I , wi th reflectance measurements and F i she r 
readings . The mater ia l f r o m the small cone contains par t ic les too large f o r 
good ref lectance readings . However , even al lowing f o r this f ac to r , the fine 
p r o d u c t is definitely cleaner. Assays f o r acid soluble CaO in the talc with lime 
Scale showed, fines 0-53 p e r cent, coarse p r o d u c t 0-87 p e r cent. The ha rdness 
of each i m p u r i t y re la t ive to ta lc a p p a r e n t l y shows on fine g r ind ing . The separa -
t ion obtained is no t enough to give a usefu l p roduc t . 

TABLE VI 

PER C E N T REFLECTANCE FROM ROLLER-MILL PRODUCTS 

Sample Fisher 
reading 

Weight Reflectance B R y G 

Red 
stain 

2-1 
per cent 

70-4 
per cent 

90-5 10-4 10-4 10-2 10-2 Red 
stain 

5-5 29-6 87-5 10-5 10-7 10-6 10-5 

Lime 
scale 

2-0 310 910 10-4 10-3 10-1 10-2 Lime 
scale 

4-5 69-0 89-5 10-4 10-5 10-4 10-4 

Chloritic 
bands 

1-7 49-0 • 89-5 10-4 10-4 10-4 10-3 Chloritic 
bands 

4-7 51-0 87-5 10-5 10-6 10-5 10-5 

Dissemin-
ated 
chlorite 

1-6 38-6 92-0 10-3 10-2 101 10-1 Dissemin-
ated 
chlorite 3-6 61-4 8 9 0 10-5 10-5 10-2 10-4 

Clean 
white 
talc 

1-8 320 93-5 10-2 10-1 10-0 10-1 Clean 
white 
talc 3-4 68-0 92-5 10-2 10-4 10-2 10-2 

Magnetic Separation 

Tests made in the C.S . I .R.O. Ore-Dress ing Labora to ry , in Melbourne,<B> using 
a R a p i d h igh- in tens i ty s e p a r a t o r on a sample con ta in ing a p p r o x i m a t e l y half 
clean tale and half chlorit ic bands , gave be t te r s epa ra t ion than by g rav i ty or 
d i f ferent ia l hardness methods. The sample was sized and tes ts made on the 
100/150-mesh and 28/150-mesh f r a c t i o n s gave the resul ts shown in the first 
p a r t of tab le V I I . 
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TABLE VII 
REFLECTANCE OF MAGNETIC SEPARATION PRODUCTS 

Sample Mesh Product Weight Reflectance 

Chloritio bands 
(C.S.I.R.O.) 100/150 

Magnetics 
per cent 

13-5 
per cent 

83-0 Chloritio bands 
(C.S.I.R.O.) 100/150 

Non-magnetics 86-5 89-0 

Chloritio bands 
(C.S.I.R.O.) 

28/150 
Magnetics 3-6 84-5 

Chloritio bands 
(C.S.I.R.O.) 

28/150 
Non-magnetics 96-4 88-0 

Chloritic bands 
10/28 

Magnetics 0-4 81-5 Chloritic bands 
10/28 

Non-magnetics 99-6 8 6 0 

Chloritic bands 

28/150 
Magnetics 2-0 83-0 

Chloritic bands 

28/150 
Non-magnetics 9 8 0 85-0 

Disseminated chlorite . 
10/28 

Magnetics 0'7 8 3 0 Disseminated chlorite . 
10/28 

Non-magnetics 99-3 85-0 

Iron stains 
10/28 

Magnetics 1 0 85-0 Iron stains 
10/28 

Non-magnetics 9 9 0 8 6 0 

Iron stains 

28/150 
Magnetics 1-5 81-5 

Iron stains 

28/150 
Non-magnetics 98-5 86-0 

These resul ts were so encourag ing t ha t f u r t h e r tes ts were a t t e m p t e d on a 
s imi lar R a p i d sepa ra to r , u s ing an over-vol tage suppl ied f r o m a 2 -amp. rect i f ier 
f r o m the AC. line in series wi th the DC. l ine no rma l ly s u p p l y i n g the machine. 
T h e fo l lowing loads were carr ied by the magne t ic c i r cu i t : 

Normal running from DC. mains 5-0 amp. cold, 4-5 amp. hot 
Using 50 per cent overload 7-0 amp. cold, 6.2 amp. hot 
Using 75 per cent overload 8-2. amp. cold, 6-8 amp. hot 

The no rma l g r a v i t y feed , via a cone and orifice, was changed to a small V a n 
Gelder v ib ra t ing f eede r , which enabled very low f eed r a t e s to be used, and so 
allowed pole se t t ings to be made f o r least possible a i r g a p . The p roduc t s were 
tested f o r reflectances, shown in the r ema inde r of table V I I . Resul ts a r e s imilar 
to those obta ined in Melbourne, bu t the p r o p o r t i o n of mate r ia l removed by the 
magne t s is less. Pa r t i c l e s of clay, bu t no t g r a in s of i ron-s ta ined talc, were 
removed f r o m the last sample . Aga in , no u s e f u l s epa ra t ions were obta ined. 

Electrostatic Separation 
Magne t ic s epa ra t i on a p p e a r e d to be l imited in app l i ca t ion because i t could 

no t be app l i ed to lime scale. Ta lc c a r r y i n g finely dispersed chlorite would 
r equ i r e fine g r i n d i n g — t o l ibera te the chlor i te—to a pa r t i c l e size much less t h a n 
t h a t normal ly handled by magnet ic s epa ra to r s . E lec t ros ta t i c methods, if they 
obta ined a sepa ra t ion , could possibly be developed to t r e a t powdered mate r ia l 
by modif icat ion of equ ipment . The a p p a r a t u s avai lable a t the C.S. I .R.O. Ore-
Dress ing Labora to ry , in Melbourne , is designed to t r e a t g r a n u l a r mater ia l . Tes ts 
were t h e r e f o r e confined to crushed and sized tale con ta in ing chlori t ic bands, of 
which the 28/150-mesh f r a c t i o n was used. 

D 
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Tests were first made on samples of ta lc and chlorite to inves t iga te the 
ind iv idua l p rope r t i e s . Ta lc a n d chlori te were f o u n d to have s imilar conductivi t ies , 
b u t the re was a sl ight difference in the contac t potent ia ls . T h e machine was 
set f o r w h a t a p p e a r e d to be o p t i m u m condit ions, and the samples shown in 
t ab le V I I I were p r e p a r e d . These were pulver ized f o r reflectance measurements . 
A small measure of s epa ra t i on was achieved, bu t no t enough to w a r r a n t f u r t h e r 
tes ts on pulver ized talc. 

TABLE VIII 

REFLECTANCES FROM ELECTROSTATIC SEPARATION PRODUCTS 

Sample Mesh Electrode Product Weight Reflectance 

Synthetio chlorite and 
talo 48/100 Chrome plated . . . . 

Tail . . . . 
per cent 

46 
per cent 

90-5 Synthetio chlorite and 
talo 48/100 Chrome plated . . . . 

Talc . . . 54 92-0 

Chloritio bands 
28/150 

Shielded shellac -
coated 

Tail . . . . 51 89'5 
28/150 

Shielded shellac -
coated 

Talc . . . 49 91-0 

Chrome plated . . . . 
Tail . . . . 36 89-0 

Chrome plated . . . . 
Talc . . . 64 91-5 

Flotation 

Use has been made of flotation f o r s epa ra t i on of calcite, quar tz , a n d t remol i te 
f r o m ta lc .W-C 7 ' W e t g r i nd ing can be used. I f l a rge tonnages were t rea ted 
the decreased g r i n d i n g costs would la rge ly offset the ex t ra cost of d ry ing . 
However , f r o m the po in t of view of the cosmetic indus t ry , we t t ing and d r y i n g 
of t a lc des t roys the i m p o r t a n t p r o p e r t y of "s l ip" , which character izes the n a t u r a l 
talc. I t seems t h a t the h y d r a t i o n of the ta lc molecule is a l te red—even with 
ca r e fu l d r y i n g of the p r o d u c t — a l t h o u g h complete dehydra t ion is no t obta ined 
unt i l the ta lc is fired. The sl ight change on normal d r y i n g is enough to a l ter 
the n a t u r a l sl ip. 

E v e n though flotation was no t expected to assist in ob ta in ing a p roduc t suit-
able f o r cosmetics, t he effectiveness of this method of s epa ra t i on was tested, as 
the i n f o r m a t i o n migh t be of f u t u r e use. Only a small a m o u n t of ex t ra work 
was involved a t this s tage of the invest igat ion. 

Some p r e l i m i n a r y tes ts were made in a 50-gm. test-cell to note the effect of 
several common f r o t h e r s a n d collectors. The ta le floated read i ly wi th a n y 
f r o t h e r wi thout collectors. The f r o t h tended to be very sticky, m a k i n g c leaning 
inefficient. Of the r eagen t s t r ied , D u p o n t f r o t h e r B22 gave the most su i table 
f r o t h . 

A series of s imple batch- tes ts was then m a d e us ing a l a b o r a t o r y sub-aera t ion 
cell. E a c h sample of 500 gm. was first g r o u n d in a pebble mill wi th 400 ml. of 
w a t e r f o r one hour , to give a p r o d u c t of 80 p e r cent minus 325 mesh Tyler . 
The p u l p was placed in the cell a t a p p r o x i m a t e l y 25 p e r cent solids. The ta lc 
was floated f o r 10 min. , u s ing two d r o p s of D u p o n t f r o t h e r B22. The n a t u r a l 
p H in t a p wa te r w a s 7-6. The p r o d u c t s were dr ied care fu l ly , bu t had a g reasy 
fee l and more p e a r l y lus t re t h a n usua l when dry . The colour measuremen t s as 
shown in tab le I X should no t be compared wi th those of ta lc p r e p a r e d in a d r y 
way. I n genera l a p p e a r a n c e the floated talc was much whi ter t han the re jec ted 
ta i l ing. 
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TABLE I X 
REFLECTANCE OF FLOTATION PRODUCTS 

Sample Fraction Weight Fisher 
Number 

Reflectance 

Iron stain Concentrate 
per cent 

71-2 3 0 
per cent 

88 Iron stain 

Tailing • 28-8 3-2 85 

Lime coating Concentrate 75-4 3-8 89 Lime coating 

Tailing 24-6 3-4 86 

Chloritic bands Concentrate 61-6 3-4 89 Chloritic bands 

Tailing 38-4 3 1 85 

Disseminated chlorite.. Concentrate 71-8 3 1 90 Disseminated chlorite.. 

Tailing 28-2 3 1 87 

DISCUSSION OF RESULTS 
The fo l lowing po in t s were noted f r o m the inspec t ion of samples t aken a t 

the m i n e : 

1. I n the min ing opera t ion , m a j o r inclusions in t he orebody a re re jec ted 
when the talc is handled f r o m the floor of the q u a r r y . 

2. This gives an o p p o r t u n i t y f o r sor t ing of the ta lc a t the q u a r r y face , in to 
several p roduc t s , e i ther f o r r e jec t ion or marke t . 

3. E x a m i n a t i o n of the ta lc shows t h a t i ron s ta ins a n d l ime scale a r e p r o b a b l y 
associated with s u r f a c e mater ia l , and will in f u t u r e con tamina te a smaller 
p r o p o r t i o n of the mine o u t p u t . 

4. The l ime scale t ends to flake a w a y f r o m the talc wi th coarse c rush ing of 
the ore. 

5. The chlorit ic mater ia l , l ikely to exist t h roughou t the deposit , causes talc 
to be classed as second grade . 

6. All tes ts to remove impur i t i e s f r o m the talc, mechanical ly, gave some 
measure of beneficiation, bu t fa i l ed to p roduce a ta lc s a t i s f ac to ry to 
the cosmetic i n d u s t r y : 

(1) The densit ies of ta lc and chlori te a r e too close to allow g rav i ty 
sepa ra t ion . 

(2) Crush ing caused some segregat ion of impur i t i e s in the fines. 

(3) F i n e g r ind ing , fol lowed by a i r classification, sor ted minera l s in 
accordance wi th hardness , and the finest f r a c t i o n s were cleanest. 

(4) Magne t i c sepa ra t ion removed coarse clay, a n d a small p r o p o r t i o n 
of h ighly chlorit ic mater ia l . 

(5) E lec t ros ta t ic s epa ra t ion was no t efficient as ta lc and chlori te 
have similar conductivi t ies a n d only sl ightly d i f fe ren t contact 
potent ia ls . 

(6) F lo t a t i on gave f a i r resul ts , though the method was no t tes ted 
exhaust ively, as talc, a f t e r wet t ing , was no t acceptable to t he 
cosmetic i ndus t ry . I t is possible t h a t s p r a y d r y i n g with con-
trolled humid i ty would g ive a s a t i s f ac to ry powder . 
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RECOMMENDATIONS 
1. All ma te r i a l should be r e j ec t ed in mining , o ther t h a n : 

a. Clean talc, first g rade . 
b. Chlori t ic tale, second grade . 
c. Talc wi th lime coat, which can be improved by c rush ing and screening. 

2. Re jec ted mate r ia l should be s tacked in an o rder ly m a n n e r : 
a. Non talc. 
b. I ron - s t a ined talc. 
c. Other ta lc-bear ing mater ia ls . 

3. No mechanical beneficiat ion should be considered a t p resen t , except t he 
t e m p o r a r y p rob lem of lime scale. ( 1 1 / 8 / 4 9 . ) 
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Chapter 5 

. P E T R O L O G Y O F T H E M O U N T F I T T O N T A L C D E P O S I T S 

BY 

F . L . STILLWELL, D . S C . 

AND 

A. B. EDWARDS, D.SC., PH .D. , D. I .C. 

(MINERAGBAPHIC INVESTIGATIONS OP THE COUNCIL FOR SCIENTIFIC 
AND INDUSTRIAL RESEARCH—REPORT No. 370) 

INTRODUCTION 
A peno log ica l s tudy of t he ta lc deposi ts n e a r M o u n t F i t t o n , a t the nor the rn 

end of the F l i nde r s Range , was u n d e r t a k e n a t the reques t of the Direc tor of 
Mines, Sou th Aus t ra l ia , as p a r t of the p r o g r a m m e of the Mine rag raph ic Section 
of the Council f o r Scientific and I n d u s t r i a l Research . Br ief descr ip t ions of 
the tale and associated rocks f r o m this a r ea have been given previously in 
Mineragraphic Reports Nos. 318 (1944) and 330 (1945) . The observat ions t ha t 
fo l low are based u p o n the examina t ion of a sui te of specimens collected du r ing a 
visit to t he ta lc deposi ts in c o m p a n y with the Di rec tor of Mines in con junc t ion 
with the specimens r epo r t ed u p o n in Mineragraphic Report No. 330. 

Tale deposi ts (Minera l Lease 2876, etc.) occur a long the m a r g i n of a fo lded 
belt of dolomite marble . One g r o u p of deposits , south of Billy S p r i n g s on 
Moolawa tana s ta t ion, a re located in zones of s t rongly sheared schistose dolomite 
marb le t h a t a r e para l le l wi th the axes of minor ant ic l inal fo lds occurr ing 
a long the gen t ly d i p p i n g n o r t h e r n l imb of a wes ter ly p i t ch ing anticl ine. Other 
deposi ts (Minera l Leases 2892, 2889) on M o u n t F i t t o n s ta t ion a r e known a long 
the n o r t h e r n l imit of a synclinal fo ld of the dolomite marble . These w e r e ' n o t 
visited bu t specimens of the ta le were obta ined. 

The dolomite marb le is overlain to the west by a competen t , dense black 
hornfe l s , devoid of cleavage or c r u m p l i n g ; and is under la in to the east bv tilli te. 
I t is p a r t of a fo lded sed imenta ry series which has been in t ruded by a g r an i t e 
which f o r m s an extensive ou tc rop to the nor th-eas t . The black ho rn fe l s and 
the dolomite marb le a p p e a r to be p roduc t s of contact me tamorph i sm, and the 
minera l iz ing solut ions t h a t conver ted the dolomite marb le to ta lc a re p robab ly 
re la ted to this g ran i t i c in t rus ion . 

A t the t ime of the visi t two of the ta le bodies south of Bil ly S p r i n g s were 
be ing quar r i ed on a commercial scale, and several o thers had been opened by 
small excavat ions. A n u m b e r of o thers r ema in to be developed. 

THE PETROLOGY OF THE TALC DEPOSITS 

The Tole 
The talc occurs as i r r egu la r , s t rongly cleaved lenses general ly e longate para l le l 

to the vert ical o r nea r l y ver t ical cleavage, which in t u r n is paral le l to the axis 
of the enclosing fo ld . I n places i t a p p e a r s in terca la ted with bands of chlori te 
schist a n d of schistose dolomite marble , o r it g rades th rough the schistose rock 
into massive dolomite marble . Veins and bands of coarse-grained ca rbona te 
f r e q u e n t l y t r averse talc-dolomite rock and the schistose dolomite. A t the No. 5 
deposi t a band of coarsely crysta l l ine carbonate , in which the individual crysta ls 
a r e u p to 6in. across, f o r m s a p r o m i n e n t wall-l ike m a r g i n on the no r the rn side 
of this ta lc -bear ing zone. 
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The tale is massive a n d extremely fine-grained (figs. 1 and 2) and ranges in 
colour f r o m snow-white to grey-white . Occasional bands a re p inkish , and where 
i t is con tamina ted wi th chlori te i t is greenish . P u r e - w h i t e ta lc p r edomina t e s in 
the Nos. 1, 2, 3, and 4 deposits , as a t p r e sen t developed. Off-white to g r e y fa lc 
f o r m s the bulk of the exposed talc in the No. 6 body. I n places in the No. 4 
depos i t t h in bands and wisps of chlori te suggest relic bedding planes , o f t e n 
severely c rumpled . A t the No. 1 deposi t comparab le b a n d i n g or bedding can 
be recognized occasionally in hand specimens of re lat ively p u r e talc. Occasionally, 
as in the western cut in the No. 5 deposi t , veins u p to l i n . wide of coarsely 
crystal l ine tale, g rown columnar f a sh ion f r o m the walls t owards the cent re of 
the vein, t r ansec t bodies of massive fine-grained talc. 

CHEMICAL ANALYSIS OF TALC 

Sample Sample Sample Sample Sample 
No. 1 No. 2 No. 3 No. 4 No. 5 

Si08 62-16 59-06 58-46 60-52 58-74 
AljO, 0-61 1-81 1-97 1-56 2-73 
Fe 2 0 , 0-13 0-16 0-33 0-14 0-37 
FeO 0-45 0-45 0-42 0-40 0-47 
WS0 32-06 3312 32-56 32-39 31-59 
CaO nil nil 0-28 0-06 nil 
Na 2 0 nil nil 018 0-01 0-05 
K 2 0 nil nil nil nil nil 
H 8 0 at 100°C 0-11 0-10 0-01 0-11 0-02 
H sO over 100°C 4-51 5-17 5-36 5-17 5-72 
TiOa 002 0-21 0-30 0-10 0-15 
P„0R nil 0-08 n.d. 0-16 0-10 nil 0-08 n.d. 

100-05 100-16 99-87 100-62 99-94 

1—No. 4 deposit, best quality snow-white talc. (Analyst, T. W. Dalwood). 
2—No. 5 deposit, best quality off-white talc. (Analyst, T. W. Dalwood). 
3—Talc, Mineral Lease 2892, near Mt. Fitton station. (Analyst, T. R. Frost). 
4—Talc, Mineral Claim 986, near Mt. Fitton station. (Analyst, T. W. Dalwood). 
5—Talc, Mineral Lease 2889, Leslie Bros. (Analyst, T. W. Dalwood). 

The chemical analys is of the talc f r o m the No. 4 deposi t (No. 1) indicates a 
high degree of p u r i t y . Th in sections of this talc show tha t it consists of a 
fe l ted mass of fine in ter locking needles and p la tes of colourless talc, u p to 
0-15 mm. long, bu t f r e q u e n t l y much smaller (fig. 1 ) . The only o ther minera l s 
observed a re minu te g r a in s of a p a t i t e (fig. 2) a n d ru t i l e which occur as g r a in s 
0-02 mm. or smaller, very sparse ly d is t r ibuted th rough the talc. The a p a t i t e 
g r a in s which a re dis t inguished f r o m talc by the i r low b i re f r ingence and h igher 
r e f r a c t i v e ' i n d e x sometimes occur in clusters which may be as large as 0-15 mm. 
across. I f the powdered talc is boiled with concent ra ted n i t r ic acid, the resul t -
ing solution gives a chemical test f o r p h o s p h o r u s wi th ammonium molybdnte. 
The dis t r ibut ion of a p a t i t e in this ta lc a p p e a r s to be var iable as no p h o s p h o r u s 
is r epor ted in one analyzed sample . 

The t i t an ia in the analyses is accounted f o r by the small par t ic les and p r i sms 
of yellowish rut i le , f r o m 0-005 mm. to 0-01 mm. long, included in the talc. I n 
the p u r e s t tale f r o m the No. 4 deposi t these inclusions a r e extremely few and 
minu te and the t i t an ia content is only 0-02 p e r cent. The ru t i le g ra ins a re 
more numerous in the talc f r o m the No. 5 deposi t wi th 0-21 pe r cent T i 0 2 . 
The g ra ins a re no t a lways evenly dispersed th rough the ta lc and in some speci-
mens it is segregated a long da rk lines or bands . W h e n sufficiently a b u n d a n t i t 
can p roduce a talc with a d i r ty grey colour. 

The analyses reveal t h a t the talc conta ins small amoun t s of a lumina , f e r r i c 
and f e r r o u s i ron. The discovery and examinat ion of minneso ta i t e—an i ron 



Fig . 2 

F i g . 3 

F ig . 1 . — T y p i c a l ta lc s h o w i n g f i n e - g r a i n e d t e x t u r e , No. 4 d e p o s i t ( a n a l y z e d s p e c i m e n ) 
F ig . 2 . — F i n e - g r a i n e d ta lc w i t h a c r y s t a l of a p a t i t e in b e s t q u a l i t y ta lc f r o m No. 5 

d e p o s i t ( a n a l y z e d s p e c i m e n ) 
F ig . 3 . — D o l o m i t e w i t h p l a t e s of t a lc , a r e c t a n g u l a r c r o s s - s e c t i o n ot s capo l i t e , and 

a s i x - s ided c r o s s - s e c t i o n of t r e m o l i t e w i t h c h a r a c t e r i s t i c c l eavage , n e a r 
No. 4 d e p o s i t 

F ig . 4 . — S c h i s t o s e t a l c - d o l o m i t e in a 5 - f t . b a n d b e t w e e n ta lc and c o a r s e do lomi te , 
s o u t h wal l , No . 4 d e p o s i t 

To fare pa ye 1021 



103' 

t a l c—by J . W . G r u n e r * has shown t h a t f e r r o u s i ron can occur in la rge excess 
over magnes ia in a mine ra l which is closely s imilar to ta lc in i ts molecular 
s t ruc ture , and t h a t small amoun t s of a lumina and f e r r i c i ron in minnesota i te 
can rep lace silica. The universa l presence of small amoun t s of a lumina , f e r r i c 
and f e r r o u s i ron, in all known analyses of ta lc indicates t ha t s imi lar depa r tu r e s 
can occur f r o m the theore t ica l composi t ion of talc, i.e., t h a t small amount s of 
f e r r o u s i ron can rep lace p a r t of t he magnes ia and t h a t smal l amoun t s of a lumina 
and f e r r i c i ron can rep lace p a r t of t h e silica. 

I n this case, ana lys is No. 1—ta lc f r o m the No. 4 depos i t—repre sen t s an 
except ional ly p u r e talc. The a m o u n t of a lumina is much g r e a t e r in ana lys is 
No. 2 — f r o m the No. 5 depos i t—and the increase can be a t t r ibu ted to the presence 
of t races of chlori te which can be detected with the aid of a Berek compensa tor . 
The small amoun t of chlori te also lowers the silica content and increases the 
magnesia and water , re la t ive to t he p u r e talc of the No. 4 deposi t . 

Ana lyses Nos. 3, 4, and 5 a r e of mate r ia l f r o m the second g r o u p of ta lc 
deposi ts on M o u n t F i t t o n s ta t ion. The talc is of s imilar qua l i ty to t ha t which 
is being exploited nea r Bi l ly Spr ings , except t ha t the lower silica and higher 
wa te r indicates s t ronge r t races of chlori te which can be detected in th in section. 

Chlorite and Bands of Chlorite Schist 
The masses of whi te ta lc merge in p a r t in to talc with obvious impur i t ies . 

The presence of chlor i te in abundance in the ta lc bodies can be recognized by 
a greenish colour in the h a n d specimens. I n places the whi te ta lc encloses in ter-
mi t t en t wisps and thin b a n d s of greenish talc, some of which have c rumpled 
s t ruc ture , suggest ive of rel ict bedding. Two bands of da rk -green chlori t ic talc 
abou t 6in. wide, extend f o r the exposed length of the No. 4 ta lc body, in i t s 
n o r t h e r n wall , in te rca la ted with a b rown band, abou t 12in. wide, of f r i a b l e talc-
dolomite rock. Such b a n d s m a y possibly r ep re sen t or ig inal sed imenta ry beds 
of d i f fe ren t composit ion. A polished section of a chloritic band shows lenses of 
white ta lc about l i n . to 5in. long, a r r a n g e d en echelon in the da rk-green mater ia l . 

I n this section the chlorite, when a b u n d a n t , can be readi ly detected by its 
low polar iza t ion colours (b i r e f r i ngence 0-007), as compared with the talc, and 
by i ts s l ight ly h igher r e f r a c t i v e index. The chlori te is p rac t ica l ly colourless 
and becomes difficult to recognize when sparse ly dis t r ibuted in the be t te r qual i ty 
talc. A r e a d y dist inction is a f forded, however, by us ing a Berek compensa to r 
to de termine the opt ical charac te r of the p r inc ipa l zone which is posi t ive f o r 
talc and negat ive f o r chlorite. B y se t t ing the p r inc ipa l zone, i.e., the direct ion 
in which the fibres a r e e longated para l le l to the slow direction of the compen-
sator , all f ibres or blades t ha t blacken when the compensa to r is t u rned a r e 
chlorite, whereas all f ibres or blades t ha t da rken when set a t r i gh t angles to the 
slow direct ion of the compensa to r a r e tale. I n this way it is possible to detect 
a dis t inct amoun t of extremely finely divided chlorite in the da rk -g rey talc f r o m 
the No. 5 deposi t , and in the greenish or off-white ta le f r o m the eas tern end of 
this deposi t . Even so, no chlori te has been detected in the best qual i ty talc, 
such as the analyzed whi te ta lc f r o m the No. 4 deposi t . 

One band of chlori te a t t h e No. 4 depos i t conta ins la rge number s of minu te 
crys ta ls of ru t i l e evenly dispersed th rough it. The re is, however, a scarci ty of 
this ru t i l e in the second chlori t ic band which conta ins numerous rhombs of 
ca rbona te and a f e w crys ta l s of apa t i t e , 1 mm. to 2 mm. long, a long the cleavage 
p lanes of the chlorite. This chlori te schist also conta ins a small nodule 1 cm. 
long with a r im of coarse a p a t i t e and a core of ta lc and a p a t i t e with numerous 
small c rys ta ls of ru t i l e in both the r im and core. Sometimes the chlori te a t 
the No. 5 deposi t is so crowded with small ru t i les t h a t the chlori te pa tches wi thin 
the talc assume a d i r ty grey ish colour. 

•Gruner, J. W., Amer. Min. 29, pp. 363-372, "The Composition and Structure of 
Minnesotaite, a Common Iron Silicate in Iron F o r m a t i o n s ' 1 9 4 4 . 
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Carbonates 
Selected samples of talc have shown that the acid-soluble material in the talc 

varies f r o m 0-1 per cent to 0-3 per cent. This is due to traces of either carbonate 
or apat i te . In some port ions of the bodies the amount of carbonate is greater , 
and it occurs as occasional isolated rhomboidal crystals and as i r regular g ra ins 
u p to 0-2 mm. across, but generally smaller, and less commonly as sparse coarse 
crystals up to 5 mm. across. There is a tendency fo r the amount of such car-
bonate to increase in the chloritic talc bands and in their vicinity. 

A t the east end of the No. 5 workings blebs and vein lets of carbonate occur 
in the talc. The carbonate sometimes occurs as the nuclei of tremolite " s t a r s " 
in the talc. 

Along the nor thern margin of the No. 5 deposit there is a belt of coarse dolo-
mitic calcite, about 4 f t . to 35f t . wide, with individual crystals u p to 6in. across, 
marking the margin of the altered areas. I t fo rms a distinct line of resis tant 
rock across the country and can be followed along its strike fo r several hundred 
feet . Similar coarse dolomitic calcite occurs as i rregular patches and veins of 
lesser dimensions, in the altered tremolitic dolomite east of the No. 4 deposit and 
in the vicinity of other talc outcrops. A chemical analysis of the dolomitic 
calcite f r o m the nor thern margin of No. 6 workings gave 69-8 per cent C a C 0 3 , 
27-2 per cent M g C 0 3 , and 2-3 per cent F e C 0 3 . 

Pyrite 
Pyr i te appea r s generally absent f r o m the talc, but in the talc a t the eastern 

end of the No. 5 deposit, several bands of greenish talc are spotted with small 
crystals of pyri te , generally less than 2-0 mm. across. Much of the pyr i t e is 
weathered to limonite pseudomorphs, but occasional unaltered crystals remain. 
The tale in the immediate vicinity of the pyr i te has crystallized into relatively 
coarse blades (as seen in thin section), and the later limonite tends to till the 
interstices of the blades, fo rming a brown halo around the original pyr i te crystal 
or residual cavity. Frequent ly crystals of carbonate are associated with the 
pyr i te or the limonite pseudomorphs. In some specimens the pyr i te cubes, with 
or without associated carbonate, fo rm the nuclei of star-like radia te clusters of 
coarse tremolite crystals up to 5 cm. long. 

Magnesian Clay 
I n the upper p a r t of the No. 4 deposit there are seams of a white magnesium-

rich clay minera l—probably a t tapulgi tc—in f rac tu res and joints. These seams 
are only 2in. to 3in. wide and do not persist in depth. The clay substance is too 
intimately associated with residual talc to determine its composition. 

Tremolite Rock 
Large irregular bodies of massive tremolite rock occur in the vicinity of the 

talc bodies, sometimes near their margin, and sometimes tremolite is enclosed by 
talc. The tremolite rock passes outwards rapid ly to schistose dolomite marble 
or apparen t ly coarse g ranu la r dolomite with scattered prisms of tremolite. 

The tremolite rock consists essentially of radiat ing clusters of blade-like crystals 
of tremolite, up to 1 cm. long, with interstitial talc, quartz, and carbonate, and 
occasional clusters of chlorite rosettes. The tremolite is colourless, optically 
positive with ref rac t ive indices f r o m 1-615 to 1-645. I t has per fec t prismatic 
cleavages inclined to each other a t about 55deg., and has an extinction angle u p to 
19deg. on the c-axis. 

The interstices between the tremolite blades are commonly tilled with quartz, 
individual quartz crystals being 1 mm. by 1 mm. In some sections the quar tz 
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predominates to the relative exclusion of carbonate and talc. In others, car-
bonate is much more abundant than the quartz . Wi th increasing amounts of 
carbonate the rock passes abrup t ly into tremolitic dolomite. Frequent ly the 
quartz and tremolite are intimately intergrown. Tremolite blades end as ragged 
f r inges and the needles and shreds are embedded in quartz. Talc, when present 
in the interstices, is commonly in the fo rm of coarse plates, but it tends to make 
the rock fr iable . Much of this talc has a f a i n t pink coloration in the hand 
specimen. 

The chlorite occurs as clusters of colourless rosettes, with characteristic low 
polarization colours. I t s ref rac t ive index is distinctly less than that of the 
tremolite. 

One specimen was found consisting of rosettes of tremolite—about 2 cm. 
across—some of them enclosing a core of milky quartz, isolated in a. base of 
coarsely crystalline quartz. A second consists of successive bands of radially 
grown tremolite, separated by a band of milky quartz, s imulating erustified 
vein-growths. 

Dolomite Marble 
The host rock to the talc deposits is a white to grey dolomite marble, which 

in the vicinity of the talc deposits o f ten contains tremolite and scapolite (fig. 3 ) . 
No analysis is available, but quali tat ive tests on a number of specimens has proved 
the presence of abundant magnesium. In the immediate vicinity of the talc 
deposits it is converted to a schistose dolomite or talc-dolomite rock (fig. 4 ) , 
the planes of schistosity being parallel to the prevai l ing cleavage direction in 
the talc. 

The massive dolomite marble appea r s coarse-grained in the hand specimen 
with sparse to numerous crystals of tremolite and scapolite distributed through 
it. These can be distinguished f r o m one another in the hand specimen if a 
cross-section of the crystal is visible. I n thin section the scapolite is readily 
recognized by its square cross-sections, absence of cleavage, traces of al teration, 
s t ra ight extinction, and a uniaxial negative in terference figure. The tremolite 
shows more or less diamond-shaped cross-sections with two cleavages at 55deg. 
parallel to the crystal outlines. Longitudinal sections are distinguished by the 
s t ra ight extinction of scapolite and the oblique extinction of tremolite. Both 
tremolite and scapolite are much coarser-grained than the enclosing dolomite 
which fo rms interlocking grains about 0-05 mm. to 0-1 mm. diameter. 

Much of the dolomite marble contains gra ins of more or less rounded quartz, 
and are about 0-1 mm. diameter, presumably a consti tuent of the p r imary 
sediment. 

Some bands of dolomite contain small flakes of mica which is pleochroic f rom 
colourless to pale-brown and, like biotite, is near ly uniaxial. This is presumably 
phlogopite. 

Occasional crystals of apa t i te have been noted in the massive dolomites, but 
they are not abundant . 

In the schistose dolomite the dolomite crystals a re distinctly elongated 
parallel to the banding. One specimen contained coarse crystals of tremolite, 
over 1 cm. in length, parallel to the banding. Others have numerous small 
crystals of scapolite parallel to the direction of elongation of the dolomite crystals. 

Specimens of schistose dolomite commonly contain a varying propor t ion of 
plates and needles of talc interleaved with the dolomite and scapolite crystals. 
The talc always shows pronounced elongation parallel to the prevail ing planes 
of schistosity. The grain size of the dolomite crystals in these rocks tends to 
be much finer than in the massive dolomite. 
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Silicified Dolomite Rocks 
The introduction of the siliceous solutions to f o r m talc f r o m dolomite has been 

accompanied or succeeded by considerable siliceous replacements of dolomite of 
varying character. 

Associated with the schistose dolomite close to the south edge of the No. 5 
talc deposit, where the road crosses the talc body, is an outcrop of hard siliceous 
rock containing a propor t ion of talc. The sof t talc has been worn away, leaving 
a rough nodular surface. A thin section (20) reveals that the rock consists 
essentially of grains of quar tz about 1 mm. to 2 mm. across, together with some 
talc and chlorite. The talc occurs pa r t ly as coarse patches, 1 mm. to 5 mm. 
across, in the interstices of the more or less pea-shaped bodies of quartz, and 
pa r t l y as myriads of fibres of talc shot through the individual quar tz grains. 
I n places the quar tz has been f r ac tu red and the f r ac tu res are healed with vein-
lets of later quar tz . The chlorite occurs in much the same way as the talc and, 
in addition, there are minute patches of a brownish material which may be 
iron oxide. 

A bold outcrop immediately south of the road a t the No. 5 talc deposit is 
generally similar, but the talc fibres and plates (13) occur only in i r regular 
areas tha t include ad jacent pa r t s of several crystals of quartz, but not the whole 
of any given grain. Small residual part icles of carbonate occur throughout 
enclosed in quartz . 

I n the hand specimen these silicified rocks show a granular texture tha t 
suggests the texture of the dolomite; and the int imate intergrowth of talc and 
quar tz in thin section leaves little doubt that they a re metasomatic rocks formed 
by the siliceous replacement of dolomites. 

Other occurrences have the fine-grained character of jasperoids. An outcrop 
near the No. 5 deposit (10) is extremely fine-grained rock with minute needles 
of talc dispersed through finely crystalline quartz. I t contains in places patches 
of coarser-grained quar tz enclosing minute yellow to brown grains of rutile. 

A small body of dark finely banded jasperoid was observed near the No. 4 
deposit, appa ren t ly in situ, enclosed within a mass of tremolite rock. I n thin 
section (4) it is seen to consist of quar tz and carbonate, minute needles of 
talc, and an occasional blade of tremolite. Most of the quar tz is speckled with 
minute dark specks which are probably ruti le. The varying intensi ty of con-
centrat ion of these dark specks is responsible f o r the banding of the jasperoid. 

Another specimen f r o m near the No. 4 deposit has the appearance of a grey 
slate and is related to the jasperoids on the one hand and to the altered dolomite 
on the other. I n thin section (30) it is seen to consist of minute interlocking 
quar tz grains, innumerable small pr isms of ruti le, and small fibres of talc. I t 
contains str ings paral lel to the original bedding of relatively coarse gra ins of 
a br ight yellowish-green mineral of high relief, which is probably vesuvianite. 
The crystals are short stout pr isms with high ref rac t ion , though considerably 
lower than rutile, togther with weak double re f rac t ion and s t ra ight extinction. 
A weak pleochroism can be detected, and there are sometimes anomalies between 
crossed nicols in tha t different interference colours a p p e a r in different pa r t s of 
the crystal. This identification, if correct, clearly links the rock with a 
reerystallized dolomite. 

Several patches of grey to bluish quar tz were exposed in the talc on the 
southern wall of the No. 4 deposit. The patches tend to be lens-like and the 
largest was about 3 f t . across. The individual blebs of quar tz are u p to 2 cm. 
across. A thin section (22) shows tha t the quar tz blebs consist of i r regular 
gra ins 0-5 mm. to 1-0 mm. across, with interlocking crenulate margins. I n 
places the coarse gra ins are replaced by mosaics of smaller grains. Many of 



107' 

the quartz grains a r e separated f r o m one another by films or seams of talc 
in which the individual talc crystals are grown columnar to the bounding quar tz 
grains. Some of the quar tz gra ins have been shattered and the f rac tu res are 
filled with veinlets of tale. The quar tz gra ins are speckled with innumerable 
dust-like inclusions which tend to occur in parallel str ings within a given grain. 
The orientation of these str ings of inclusions varies with the grain . The silicifi-
cation of the dolomites has its final expression in patches of quar tz which has 
similarities to vein quartz . 

Black Hornfels 
Overlying the dolomite-marble is a dense finely bedded hornfels which is very 

tough, and r ings when struck with a hammer, but is sof t enough to be scratched 
with a hammer. The black hornfels shows prominent fine-grained relict bedding 
and includes bands of tillite, gr i t , and conglomerate in its basal beds. 

Thin sections show tha t it is essentially a very fine-grained aggregate of 
biotite, quartz, and carbonate. The dark colour of the rock is due to the 
abundan t biotite which is pleochroic in greenish-browns; the darker bands in 
the bedding are due to greater concentration of biotite within these bands. A 
notable amount of pyr rho t i t e is evenly dispersed through the rock, fo rming 
irregularly shaped gra ins which are associated with coarser crystal growths u p 
to 0'2 mm. across. Pla tes of chlorite, zoisite, and grains of carbonate are 
sometimes enclosed by pyrrhot i te . The zoisite is readily recognized in clear 
areas with a trace of cleavage, s t ra ight extinction, and very low polarization 
colours. I n p a r t the zoisite has a greenish cloudy appearance , with a t race of 
pleochroism and higher polar izat ion colours, indicating a passage towards epidote. 
The pyrrhot i te is also of ten associated with f r i ng ing granular areas, character-
ized by very high re f rac t ive index and high birefr ingence. Similar material 
also occurs in a lesser degree through the base of the rock. In r a r e instances 
such areas yield an uniaxial figure and then a p p e a r to be siderite, a carbonate 
with a much higher re f rac t ive index than the carbonate gra ins in the base of 
the rock, and presumably introduced a t the same time as the pyrrhot i te . In 
other cases sphene and less o f t en epidote are probable components. 

I t is clear that the pa ren t rock of this hornfels was an argillaceous rock and 
a t the same time slightly calcareous. I t s t ransi t ion to ill-sorted conglomerate 
a t its base, and the presence of tillites in the district, suggests tha t this hornfe ls 
may be a fluvio-glacial deposit associated with some tillite. 

ORIGIN OF THE TALC 
The metamorphosed character of the hornfels and the dolomite marble, coupled 

with the presence of g ran i te in the vicinity, suggests that the talc deposits were 
formed by a localized metasomatic replacement of the dolomite marble succeed-
ing the contact metamorphism of the area. The mineralizing solutions that led 
to the format ion of the talc were presumably guided and localized in the highly 
cleaved belts or shear zones that cross the limbs of the main folds. 

The reaction of the siliceous solutions with the dolomite has produced either 
tremolite where the lime is retained or talc under conditions when the lime 
was removed. I n places early fo rmed tremolite was subsequently replaced by 
talc. The accumulation of talc in relatively large bodies has been accompanied 
by the removal and exclusion of all impuri t ies as well as the lime, and the 
pur i ty of the talc body depends on the perfect ion of the process. The production 
of the schistose talc-dolomite on the margin of the talc bodies can be regarded 
as the stage in which the reactions involving the fo rmat ion of talc have been 
incomplete. 

I n view of the general absence of alumina-bearing minerals it seems likely 
that the mineralizing solutions contained little or no alumina, and that the 
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alumina in the chloritic bands ad jaeen t to the talc is residual, being derived 
f r o m impuri t ies in the dolomite. The abundance of rut i le in the chlorite bands 
suppor t s this view since ruti le has previously been shown to be a residual 
p roduc t of the al terat ion of biotite in the Gumeracha talc deposits. 

No soda or potash was introduced with the siliceous solutions in view of the 
complete absence of these substances f r o m the talc. 

The final effect of the introduction of the siliceous solutions has been the 
replacement of the dolomite by quartz, the format ion of the jasperoids , and the 
development of masses of quartz. Since the jasperoids represent silicified tale-
dolomite rocks, the fo rmat ion and deposition of talc must have been arrested 
before the development of the jasperoids and quartz . ( 5 /9 /47 . ) 
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PART IV 

TUMBY BAY DISTRICT 

Chapter 1 

T U M B Y B A Y T A L C D E P O S I T S 

B Y 

E . BROADHTJRST, M.Sc., B . M . E . (GEOLOGIST) 

Situation:—Sections AN, AS, 28, and 46, hundred of Yaranyacka, county of 
Flinders. Mineral Lease No. 2676, held by Minerals Pty. Ltd. (sub-leased to 
Tumby Bay Talc Co. N.L.), and Mineral Claims Nos. 444 (II. C. Beaty), 522 
(C. J. Partington), 639 (A. F. Chambers), and 726 (Tumby Bay Talc Co. N.L.). 
The deposits are situated about 8 miles north of Tumby Bay, a shipping port 
on Eyre Peninsula, and about 2A miles west of Lipson. 

PREVIOUS REPORTS 
Review of Mining Operations 14, p. 42, 1911 (Mat thews) . 
Review of Mining Operations 20, p p . 34-36, 1914 ( W a r d ) . 
Review of Mining Operations 24, p. 63, 1916 ( Jones ) . 
Geol. Surv. of S. Aust. Bidletin 13, p . 40, 1928 ( J a c k ) . 
Mining Review 78, p. 86, 1943 (Dickinson) . 

INTRODUCTION 
The deposits are situated on the hills r is ing f r o m the coastal plain a t Tumby 

Bay. The relief is moderate. The main deposits are situated on hill-slopes which 
have an average grade of 1 in 7, and which become as steep as 1 in 4. The 
deposits are about half a mile f r o m the main road, and an all-weather road, 
leading to them, has been made. 

GENERAL GEOLOGY 
The rocks in the district are of pre-Cambrian age, with a strike about N.30°E. 

and a steep dip to the east. Most of the rocks are mica schist. The talc deposits 
a re associated with a bed of dolomite, which has an average width of 1,200ft . 
The dolomite has an i r regular thickness of outcrop, and lenses out to the nor th . 
The shape of the outcrop suggests tha t it may be occupying the axis of a fold , 
but no direct evidence of fo ld ing could be obtained. 

The beds could easily be overturned in such a steeply folded area, and the out-
crops of dolomite have been converted largely to t ravert ine. The steep dips are 
preserved in the t ravert ine, but ra re ly are flat dips, and as a result any fold axes 
a r e difficult to find. Under these circumstances i t is difficult to decide whether 
a s t ructure is folded or not, but finally the opinion was formed that the s t ructure 
was unfolded and tha t the lensing out was due to f au l t ing or to an original 
s t ructure . 

The rocks have all undergone considerable al terat ion. A t the south of the 
mapped area intense silieification has altered the rocks beyond recognition in the 
field. I n the schist on either side of the dolomite, opposi te the talc deposits, 
numerous pegmati t ie veins occur. A zone of intense alteration occurs between the 
dolomite and the schist. 
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Although it is usually associated with the dolomite, j a sper also seems to be 
fo rmed along lines of f au l t ing in schist. Thus, on the western side of the dolomite 
bed on Mineral Claim 639, the jasper occurs in schist, al though admit tedly it is 
not f a r f r o m the dolomite at* this point . 

The copper deposit worked in the Bur rawing mine, 1J miles N E . of the talc 
deposits, occurred in a vertical bedded fissure jus t to the west of the dolomite bed. 

GEOLOGY OF THE TALC DEPOSITS 
The talc is generally associated with a silicified zone between the schist and the 

dolomite. (Dr . F . L. Stillwell terms the rocks in this zone jasperoids, but in this 
repor t the field term of jasper will be retained.) This is not always the case, as 
in Mineral Claim 639 the talc is associated with j a sper which occurs in schist. 
Although they are generally associated, the talc bodies do not seem to f o r m any 
definite s t ructural relation with the j a sper bars. The j a sper bars, although having 
fa i r ly regular strikes, seem to fo rm and r e fo rm in an indefinite manner . They 
show numerous signs of crumpling. At the south end of Mineral Lease 2676, the 
str ike of the vertical bedding planes is very contorted, showing the effect of 
crumpl ing due to N E . - S W . (the general direction of the str ike of the dolomite) 
pressure. 

On the surface plan of the workings, no definite contact is shown between the 
j a spe r and the dolomite on one side and the schist on the other. This is pa r t ly 
due to lack of outcrops, but also due to the f a c t tha t a gradat ion exists between the 
j a sper and the dolomite which occurs in the centre of the original bed. The process 
of silicification appea r s to have been concentrated in certain centres. There is a 
suggestion f r o m the observed strikes tha t the centres of silicification may have 
been determined by horizontal crumpling, bu t the evidence is not definite enough 
to prove anything on this mat ter . 

The tale lodes themselves seem more regular than the j a spe r bars. The lodes 
of talc a re shown on the plan. Other lodes of impure talc also occur, but since 
they have not been worked their size and fo rm have not been disclosed by mining. 
The talc lodes, shown by cross-hatching on the plan, represent the development 
of the pures t bodies of talc. Even these have a large p ropor t ion of impurit ies, 
which will be discussed later. Some seams of almost pu re ta le—up to several 
fee t wide—do occur, and these are the veins on which most of the mining has 
been carried out so f a r . 

The talc in these deposits, unlike that in the Gumeracha and Mount F i t ton 
deposits, is very fine and is only loosely coherent. W h e n picked f r o m a mine face 
f o r bagging i t f o rms piles like so f t flour. The lodes are t raversed by numerous 
smooth joint-planes. Impur i t i es consist o f : 

(а) Earth Staining.—This is a sur face effect, appa ren t ly due to staining by 
vegetable mat te r f r o m roots t ravers ing the joint-planes. This ear th 
s taining persists to an average depth of about 20f t . 

(б) Jasper Bars.—The jasper , as well as fo rming solid masses in the vicinity 
of the tale bodies, also occurs as bars in the talc bodies themselves. 
They are o f ten 3f t . wide. Their a t t i tude is usually steep, but their 
d ip sometimes becomes as flat as 30deg. I t is noticed tha t the best 
talc o f ten occurs adjo in ing the j a sper bars. 

(c) Rubble.—This consists of talc with f r agmen t s of j a sper scattered through 
it. The propor t ion of j a spe r f r agmen t s passes through various stages. 
Some rubble consists of a j a sper ba r which has been broken by minute 
f r a c t u r e planes which have been filled with tale, giving a mass, con-
sisting mainly of jasper , which can be broken u p by the fingers. At 



112' 

the other end of the materials classed as rubble there is tale which 
contains too many jasper f r agmen t s to be economically hand-picked 
at the face. 

(d) Discoloration.—This effect usually occurs in layers, o f ten appa ren t ly 
parallel to the walls of the talc body. The materials fo rming the 
discoloration range f r o m jasper bars to sof t chloritic or clay layers. 
Usually an increase in the amount of discoloration is a sign tha t the 
extremity of the talc body is being approached. 

Another f o rm of discoloration is red staining, which consists of 
un i fo rm fe r r i c iron staining throughout the talc. I t is associated 
with red jasper . Many of the talc bodies are reported to have passed 
into red stained material in winzes below the main workings. The red 
s taining is not a sur face effect, although it is probably due to 
oxidation. 

Other impuri t ies consist of various minerals throughout the talc, usually all 
grouped under the term "discoloration." One mineral—which Stillwell determined 
as sepiolite—resembles dolomite, and is termed such on the field, and occurs in 
masses u p to a foot in largest dimension. 

PRESENT WORKINGS 
At present , prospect ing is carried out by selecting spaces between the j a spe r 

bars on the surface. These are tested by vertical auger-holes, and, if the 
material appea r s suitable, shaf t s are sunk. 

Most mining is being done at present f r om old sha f t s ; the material mined being 
that which was former ly le f t as pil lars or which did not previously appea r to be 
of suitable quality. The workings are very tortuous, and in t ravers ing them head-
way can of ten only be made on hands and knees. As a result, only seams of good 
talc are followed, and it is uneconomical to mine material where a large propor -
tion must be rejected. I t is even more difficult to pu t a prospect ing drive through 
a wall of unsuitable material in search of f u r t h e r talc. There has been no 
a t tempt to fill the stopes and continue working overhead. All the working has 
been downwards, and with the bad walls this practice has become too dangerous 
to continue fo r very long. 

Under these circumstances the f u t u r e supply is very limited. Only a very good 
orebody could stand such t reatment and still give a good output . 

ORE DEPOSITS 
The difficulties of estimating the amount of talc which can be obtained f r o m 

the orebodies are numerous. The mapp ing of the outline of the bodies in plan 
presents considerable difficulties owing to the tor tuous nature of the workings both 
in a horizontal and vertical direction. Another difficulty in mapp ing is due to the 
f ac t that of ten only the talc between two smooth walls, say, 4 f t . apar t , in the talc 
body was removed, owing to the difficulty of working a larger stope. . I n such a 
case the thickness of the lode might be estimated by projec t ing the limits of the 
talc body f rom points where it has been observed. In all cases the mapp ing of 
the lodes was difficult, and of ten a large amount of conjecture was used. Some 
of the sha f t s were inaccessible. However, the plan which has been prepared is 
intended to be the best in terpreta t ion of the data available. Since most of the 
shaf t s opened out at about a depth of 30ft. , owing to the presence of earth 
s taining above that level, the mapp ing was done on a plane about 30ft . below 
the surfa.ce. 

The dip of the lodes could not be definitsly determined owing to the imperfec t 
exposures. The orebody " A " appear s to dip to the east a t 45deg., and the others 
seem to have an easterly dip. 
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F i g . 2 . — P l a n of T u m b y B a y t a l c d e p o s i t s , s h o w i n g g e o l o g y 
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The talc bodies, as shown on the p l an , do no t consist ent i re ly of talc, bu t 
conta in impur i t i e s such as j a s p e r bars , rubble , and pa tches of discolorat ion. Of 
these impur i t i e s the j a s p e r ba r s and the discolorat ion would be l e f t in p lace as 
p i l la rs . P o r t i o n of the rubb le could be t rea ted t« remove the impur i t i e s f r o m 
the ta lc if i t is f o u n d economical to do so, and exper iments a re being carr ied ou t 
a t the B o n y t h o n L a b o r a t o r y to inves t iga te the methods by which th is s e p a r a t i o n 
can be carr ied out . On the absence of any sections t h rough the lodes only a 
rough est imate of the var ious p r o p o r t i o n s of the impur i t i e s can be a r r ived at . 
This es t imate is t ha t the a m o u n t of ta lc t h a t can be hand-p icked and bagged in 
the stopes, the amoun t of rubb ly ma te r i a l t h a t can be t rea ted to recover the talc, 
and the a m o u n t of waste t h a t will be l e f t behind in the s topes as p i l la rs or filling 
a re in equal p ropor t ions , each one- third of the total . 

The extension of the ta le bodies in dep th is uncer ta in . W h e r e winzes have 
been sunk below the p re sen t workings , i t has o f t e n been r epo r t ed t ha t the lodes 
passed into red discolorat ion. This m a y be an effect of the deeper zone of 
ox ida t ion ; bu t aga in i t m a y be due to a p r i m a r y s t ruc tu ra l charac ter i s t ic of the 
orebodies. No definite p rognos t ica t ion of the behaviour of the lode in dep th can 
be made, and it is only b y development t ha t this can be ascer ta ined. 

All the lodes of known dimensions a r e on the eas tern belt of lodes. Some lodes 
have been opened u p on the wes tern be l t ; but , except f o r t he lode n e a r the 
bounda ry between Minera l Claims 726 and 639, they a re small and do no t seem 
to pers is t . 

The lodes on the eas te rn belt a re given in the fo l lowing t a b l e : 
Area, Tons per 

Lode sq. f t . vertical ft . 
A 1 7 , 4 8 0 1 , 2 4 7 
B 992 71 
C 384 28 
D 1 , 9 5 2 1 4 0 
E 9,838 702 
F 880 63 
G 624 44 
H 240 17 

Assuming tha t only one- th i rd of these quan t i t i es is recoverable, and t h a t the 
o ther two- th i rds a re to be l e f t behind in the s topes as filling, the amoun t s 
recoverable f r o m the lodes a r e as fo l lows : 

Lode Tons 
A 418 
B 24 
C 9 
D 47 
E 234 
E 21 
G 1 5 
H 6 

These figures neglect the s t rong possibi l i ty t h a t an economical process will be 
f o u n d to t r e a t the rubb ly mate r ia l and recover most of the ta le in it. 

M I N I N G 
N e a r the su r f ace much of the ta le has been l e f t in place, due to the presence of 

ea r th s ta in ing . I t is possible t h a t there would be a m a r k e t f o r this ta le if i t were 
p roduced cheaply enough. The ear th s ta in ing is due to vegetable m a t t e r which 
would p r o b a b l y d i s a p p e a r on igni t ion, a n d thus the ta lc would be sui table f o r 
ceramic uses. The open-cut method of min ing would have the b ig advan t age of 
cheapness, and it is the only prac t icab le way of c leaning u p the old workings . 
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I n the old workings much good talc has been le f t as pillars, and probably some 
new seams of good tale would be uncovered. The rubbly material which had 
previously been le f t could be. removed and t reated also. The disadvantages of 
open-cut mining are found largely in the na ture of the wall rock. F o r instance, 
in orebody "A" , the lode probably dips a t 45deg. E . under a hanging wall of 
hard jasper , which is very hard and would be expensive to remove. In some 
cases, as in the orebody " E " , this j a sper hanging wall appa.rently does not occur, 
but then the wall would probably be broken and jointed and a bat ter of 45deg. 
would have to be maintained. The choice of open-cut mining depends largely 
on the demand fo r the talc obtained near the surface. If this can be sold, then 
some open-cut mining could be carried out. However, considering the na ture of 
the walls, it is probable that it could not be carried to a depth of more than 40f t . 

The talc lodes are apparen t ly suited to flat-backed stoping with filling and 
temporary suppor t by t imber bulks. The large propor t ion of waste in the lode 
could be either l e f t in place as pi l lars or broken and pu t under foot fo r filling. 
If any extra waste were required f o r filling the spoil f r o m the open-cut workings 
might be used, so that the two could be used together advantageously. When the 
orebodies are opened u p systematically it may be found necessary to use other 
methods of mining; but on present indications the method described above seems 
to be the best. 

In proposing a.ny development, it must be remembered that the p r imary object 
of development a t this stage is to investigate the behaviour of the lode a t depth 
and to prove tonnages of ore. F u r t h e r development will have to be carried out 
before s toping operations can begin. However, the prospect ing development will 
serve as a necessary p a r t of the s toping development. If the na ture of the talc 
continues to be sat isfactory a t depth, most of the development work would be 
carried out in talc and it would be a less expensive way of obtaining the talc 
than the present method of mining. 

Since practically nothing is known of the behaviour of the lodes at depth, it 
would be prefe rab le to s ta r t on the big orebodies since a greater tonnage of 
talc can be proved f r o m them. The biggest orebodies are " A " and " E " , and of 
these it would be preferable to concentrate on "A" , the bigger of the two. 

Development would consist of sinking a shaf t to about 100ft . below the present 
workings. The sha f t f r o m which present work is being being carried out 
(co-ordinates 6-22N-0-90E) could be enlarged, and sinking continued to a dep th 
of 140ft . Sinking would probably be done on the underlie on veins of suitable 
talc, which underl ie to the east. At the bottom of the sha f t cross-cuts would 
be pu t out to the limits of the orebody. The best veins of talc encountered in 
the cross-cuts would be selected and drives extended both ways along these veins, 
which would be along the length of the orebody. A t 100-ft . intervals along the 
drive other cross-cuts would be p u t across the body, and in this way the size 
of the body could be determined. 

I f the orebody maintains the same size as tha t where it is worked near the 
surface, the amount of development would be as fol lows: 

CONCLUSIONS 
1. The ore which can be obtained f r o m the present system of mining is 

becoming very limited, and more and more costly to raise. 
2. Some open-cut mining may be carried out on the surface, depending on 

whether a market can be found f o r the earth-stained talc. 

DEVELOPMENT 

Sinking . . . 
Cross-cutting 
Driving . . . 

100ft . 
200ft . 
300ft . 



116 

3. The large size of the talc orebodies war ran t s a development p rogramme to 
prospect and prove the amount of tale which can be obtained. I t is realized 
tha t a large p ropor t ion of these bodies are inclusions of mullock or are unsui t-
able f o r bagg ing ; but even if one-third of the lode is payable talc the rest could 
be used f o r filling the stopes, and thus the cost of mining would not be increased. 
The cost of s toping should be about £1 per ton. 

4. The suggested development is to test orebody " A " a t a depth of 100ft . 
below the present workings. The m a p p i n g indicates that , with only one-third 
of the talc recoverable, this lode would give about 400 tons of talc pe r vertical 
foot . The development is designed to give definite evidence of the capacity of 
the orebody. 

5. To sat isfactori ly car ry out this purpose, a total of 600ft . of development is 
considered probable. (18 /1 /46 . ) 
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Chapter 2 

P E T R O L O G Y O F T H E T U M B Y B A Y T A L C D E P O S I T S 

BY 

F . L . STILLWELL, D . S C . 

(MINERAGRAPHIC INVESTIGATIONS OP THE COUNCIL FOR SCIENTIFIC 
AND INDUSTRIAL RESEARCH—REPORT No. 336) 

INTRODUCTION 
The fo l lowing observat ions on the pe t ro logy of the talc deposi ts of T u m b y B a y 

a r e based on the s tudy of a collection of specimens ga thered d u r i n g a brief 
visit to the deposi ts a t an ear ly s tage of the i r m a p p i n g , supp lemen ted by some 
addi t ional specimens suppl ied by E. B roadhur s t . 

As indicated by B r o a d h u r s t , in his r e p o r t on the talc deposits , the talc occurs 
in e longated lens-like bodies in two zones of a l tered rocks on ei ther side of a 
belt of dolomite, abou t 1 ,200f t . wide, the a l tered zones being flanked by dolomite 
on one side and mica schists on the other . The p roduc t ion of tale has as yet 
been limited to the eas tern zone (see fig. 1 ) . 

PETROLOGY OF THE TALC DEPOSITS 
The Dolomite 

A specimen (No. 23) of the dolomite taken f r o m the vicini ty of the B u r r a w i n g 
c o p p e r m i n e — a b o u t l i miles nor th of the ta lc deposi ts—is a crystal l ine rock 
consis t ing of in ter locking, equidimensional g r a in s of dolomite, ave rag ing between 
0-25 mm. and 0-5 mm. across. The t ex tu r e is comparab l e wi th t ha t of a fine-
gra ined marble . I n addi t ion to the carbonate , a small a m o u n t of colourless 
t remol i te is p re sen t and tends to occur as s t r ings of small i r r egu la r g r a in s in 
the g r a i n boundar ies of the carbonate , and as occasional p r i smat ic g r a in s u p to 
1 mm. long, i n t e rg rown sieve-fashion with the carbonate . 

The dolomite (Nos. 21 a n d 22) a d j a c e n t to the ta lc deposi ts is genera l ly 
s imilar in minera l composit ion, but differs marked ly in tex ture . I t shows a 
p ronounced m o r t a r tex ture , with isolated equidimensional g r a in s of dolomite, 
0-25 mm. to 0-5 mm. across—which show c renu la te edges—dis t r ibuted th rough 
a m a t r i x in which the ca rbona te g r a in s a re 0-01 mm. to 0-05 mm. across. This 
establishes the f a c t t h a t this section of the dolomite has been subjec ted to s t rong 
shear ing. 

Tremol i te is p rac t ica l ly absent f r o m some sections, bu t in o thers i t is locally 
abundan t , in bands and elongated clusters or sheaves of crystals . These bands 
a re p robab ly e longated para l le l to or ig inal bedding planes . I n add i t ion to the 
tremoli te , some sections conta in p la tes of a colourless minera l t h a t is identified 
as tale. I t occurs genera l ly as t a b u l a r crys ta ls wi th high b i re f r ingence , a good 
cleavage para l le l to the length of the crystals , and s t ra igh t ext inct ion. An 
occasional g ra in gives an opt ical ly negat ive biaxial f igure wi th 2 V abou t 10°, 
which dis t inguishes the minera l f r o m muscovite. 

Mica Schists 
The mica schists a r e lustrous, modera te ly coarse-grained, highly schistose rocks. 

They a r e character ized b y an abundance of bioti te and muscovi te—sometimes 
i n t e r g r o w n — a n d the micaceous laminae a l t e rna t e wi th l aminae of g r a n u l a r , in te r -
locking q u a r t z and f e l s p a r . The a m o u n t of f e l s p a r re la t ive to q u a r t z var ies in 
d i f fe ren t specimens. Most of the f e l s p a r is un twinned , though lamel lar t w i n n i n g 
occasionally appeal ' s . Un twinned g ra in s have a r e f r a c t i v e index close to 1-535. 
ind ica t ing albite. 

Some of the schistose layers conta in coarse lent icular bundles of s i l l imanite 
which pa s s a t the i r m a r g i n s or a long the i r l eng th into isolated needles of silli-
man i t e embedded in qua r t z or muscovite. Smal l p i n k ga rne t s , u p to 0-5 mm. 
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across, occur a t in tervals a long the micaceous bands . Smal l c rys ta l s of greenish-
brown tourmal ine , sometimes with bluish cores, a re unevenly dis t r ibuted, and 
occur a long some of the micaceous laminae. The ragged relic a p p e a r a n c e of the 
s i l l imani te a reas suggests t ha t much of the muscovite has been derived f r o m 
si l l imanite in the final a l te ra t ion accompany ing the in t roduct ion of the tou rma l ine . 

One specimen (No. 5) f r o m the marg ina l zone represents , however, an a l t e red 
mica schist in which the mica a p p e a r s to be p a r t l y replaced by talc. This 
specimen is a finely bedded greenish-grey rock with segregat ions and lenses of 
f ine-grained secondary qua r t z a long the bedding planes . I t consists of bands 
of in ter locking qua r t z g ra ins associated with t races of clear f e l spa r , in ter leaved 
with na r row, i r r egu la r bands of f ine-grained talc or mica with occasional p la tes 
of re lat ively coarse talc. Some of these bands consist largely of chlorite, b u t 
small flakes of chlori te a p p e a r th rough the rock as well. M a n y of these flakes-
of chlori te a r e associated with o p a q u e par t ic les of leucoxene which are buff-
coloured in reflected l ight and a r e sometimes segregated a long the cleavage-
p lanes of the mica. They a p p e a r to represen t t i t an ia , which has been discharged 
in t he a l te ra t ion of biot i te to chlorite. S t r ings and clots of brownish tou rmal ine 
crys ta ls lie more or less pa ra l l e l to the bedding in p a r t s of the section which 
is t ransec ted by a series of more or less para l le l f r a c t u r e s oblique to the bedding. 

Rocks in the Zone of Alteration 
Between the dolomite and the schists is a zone of in tense a l te ra t ion conta in ing 

i r r egu la r bodies of highly siliceous rocks, which can be called .jasperoids, and 
masses of talc. I n addi t ion , there a r e res idual masses of sed imen ta ry q u a r t z 
schist, quar tz - ta lc schist, and ta lc schist, which show g rada t i on on the one hand 
to ta lc deposi ts , and on the other to j a spe ro ids in which the band ing of the 
schists is preserved in some degree. No complete section across this al tered 
zone is avai lable—either as ou tc rops or in the mine w o r k i n g s — a n d it is not 
possible to de termine whether these zones of a l tered rocks or ig ina l ly consisted 
solely of schists or of included beds or lenses of dolomite in te rca la ted with the-
schist. 

The Talc Bodies 
The talc in the several deposi ts is snow-white, and fine-grained; the individual 

crys ta ls r a n g i n g f r o m needles a f e w microns thick and 10 microns to 20 microns, 
long to small p la tes 0-1 mm. across. Much of the ta lc is loosely coherent , and 
powders , on handl ing , to an impa lpab le dust . The r e f r ac t i ve indices a re a 1-540,. 
c 1-590, and p l a ty crysta ls a r e optical ly negat ive wi th 2Y abou t 5° to 10° . 

A N A L Y S I S O F T U M B Y B A Y T A L C 

Analysis No. A 1 2 

SiOa 63-50 61-26 61-08 
A1 20 3 — 1-76 3-11 
Fe a 0 3 — 0-33 \ 0-55 
FeO — 0 - 0 4 / 
CaO — nil 0-12 
MgO 31-70 30-53 28-42 
NaaO — 0-17 0-02 
KaO — 0-10 0-10 
CI — 0-30 0-01 
HaO over 100°C 4-80 4-90 5-55 
HaO at 100°C — 0-22 0-73 

100-00 99-61 99-69 

A—Theoretical composition of talc. 
1—Sample face of drive, 38-ft. level, Tumby Bay talc mine, Mineral Lease 2676, section 46,. 

hundred of Yaranyacka. (W. S. Chapman, analyst). Mining Review 78, p. 87, 1943. 
2—First-grade talc from new prospecting shaft. Mineral Claim 498, section AN, hundred, 

of Yaranyacka. (T. W. Dalwood, analyst). Mining Review 78, p. 87, 1943. 
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Analysis No. 1 ( f r o m the Tumby Bay talc mine) indicates a talc of high 
quali ty. A sample of similar talc f r o m the Snowflake workings shows an 
excellent "s l ip" and leaves no gr i t or clayey residue when rubbed between the 
fingers. 

Analysis No. 2 ( f rom Mineral Claim 498) is less pure , and the higher per-
centage of alumina indicates the presence of small amounts of either a chloritic 
mineral or a clay. A sample of talc f r o m the new sha f t at the southern end of 
the r idge leaves small pellets of a tough, clay-like mineral, when it is rubbed 
between the fingers, and occasional gra ins of quartz. A small sample of the 
residual mater ial gives a s trong qualitative test f o r alumina a f t e r fus ion with 
sodium carbonate. I t s re f rac t ive index appea r s to be above 1-555, and it is 
stained by methylene blue but shows no evidence of base exchange a f t e r t reat-
ment with acid. The clay thus appea r s to be a kaolin ra ther than a mont-
morillonite. 

Nodules and bands of a similar white clay also occur in the Snowflake workings. 
These also yield a copious prec ip i ta te of alumina a f t e r fus ion with sodium 
carbonate, and staining tests with methylene blue suggest tha t the clay is a 
kaolin. 

I n pa r t s of the workings, both in the Snowflake section and more par t icular ly 
in the southern workings, na r row blue or yellow bandings can be traced on the 
margin of the talc bodies. This banding outlines the crumpled bedding or planes 
of schistosity of the rock tha t has been replaced by the talc (see fig. 2 ) . The 
prevai l ing dip of the blue bands corresponds with the dip of the talc lodes and 
of the wall rocks, in which there is a marked but gradat ional increase in the 
clay content relative to talc. The blue bands, under the microscope, are seen to 
consist of numerous fine, opaque particles—0-01 mm. to 0-005 mm. across— 
dispersed through talc which, as f a r as they can be identified, a p p e a r to be 
part icles of hematite. 

The chief other impuri t ies are nodules of white sepiolite and chert-like silica 
or jasperoid which is sometimes black and sometimes white. The sepiolite nodules 
a re up to 6in. long, while the silica nodules are o f t en larger . I n places, the 
walls of a talc body consist of brecciated jasperoid or "gravel" embedded in 
talc. I t appea r s as if a band of jasperoid has been shattered and the f r ac tu res 
filled with talc. The relative propor t ions of talc and jasperoid in these shat ter 
zones is very variable. 

Sometimes the coarser jasperoid "boulders" a re surrounded by i r regular lumps 
of limonite or limonitic clay, f r o m an inch to a foo t across. These bodies are 
usually lens-like, with their long axes more or less paral lel to the strike of the 
talc seam, and they dip a t about 70deg. E . The abundan t limonite suggests the 
possible previous presence of pyri te , of which traces have been found in the 
sepiolite and jasperoid. 

Clays 
I n addition to the clay which sometimes occurs in the talc, there a re occasional 

exposures of clay bands in the walls of the talc bodies. Much of this clay is 
cream or pale buff ; but a t one point in the Snowflake s h a f t there is a large 
block of variegated yellow, pink, and brown clay, showing liesegang r ings and 
similar s taining textures. I t s clayey character is established by a copious pre-
cipitate of a lumina obtained f r o m it a f t e r fus ion with sodium carbonate. The 
clay appea r s to have a ref rac t ive index higher than 1-555, indicat ing tha t it is 
probably a kaolin, and this is suppor ted by s taining tests with methylene blue. 

Sepiolite 
Associated with the talc in the Snowflake workings are nodules—up to 6in. 

long and several inches thick—of a white magnesian silicate mineral closely 
allied to sepiolite and to talc. I n the hand specimen the mineral is creamy 
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white, and a p p e a r s g r a n u l a r and homogeneous. I t is dist inct ly h a r d e r than ta le , 
bu t is readi ly scratched with a needle, and is bri t t le . De te rmina t ions of t h e 
specific g rav i ty of several f r a g m e n t s va ry between 2-27 and 2-35. In th in 
section (No. 7) the minera l a p p e a r s less homogeneous. Three componen ts can 
be dis t inguished. Cloudy f ibrous areas , o f t en with a more or less s tout p r i sma t i c 
outl ine, f o r m the bulk of the mater ia l . Numerous , small, clear p r i sms and pla tes 
a r e d is t r ibuted th rough the wider , cloudy areas. The th i rd component is a minor 
one and consists of in ters t i t ia l a reas or p la tes of an i so t ropic substance. 

The cloudy componen t shows s t rong absorp t ion and para l le l ext inct ion and 
has a compara t ive ly low b i re f r ingence . The clear p r i sms show br igh te r polar iza-
t ion colours than the cloudy mater ia l , and also have s t r a igh t ext inct ion. The 
clear component is sometimes in t imate ly in te rgrown with the cloudy component , 
and in places they seem to merge into one another , ind ica t ing t ha t they may 
be d i f ferent phases of the same substance. This is also indicated by the following-
de te rmina t ions of the r e f r ac t ive indices by the immersion method. 

Cloudy component—between 1-510 and 1-520, possibly less than 1-515. 
Clear component—between 1-510 and 1-520, close to 1-515. 
I so t rop ic componen t—between 1-520 and 1-530. 

A n analys is of a selected sample of the substance (made by T. W. Dalwood) 
is as fol lows, and cor responds app rox ima te ly to the f o r m u l a 2MgO .4SiO., . H . ,0 . 

SiO, 7108 
A120„ 0-62 
Fe 20 8 0-24 
FeO 0-09 
MgO 22-14 
CaO 0-14 
NaaO 0-22 
K 2 0 nil 
H 2 0 over 100°C 5-12 
H 2 0 at 100°C 0-99 
TiOa nil 
P20, tr 

100-64 

There a p p e a r s to be no recorded magnes ian silicate of this composi t ion ; though-
some sepiolites, especially the dehydra t ed sepioli te I I (Longchambon , 1935)* 
app roaches it, with a S i 0 2 / M g 0 ra t io of 1 : 8. I t would, however, confo rm to the 
hypothe t ica l < - s e p i o l i t e 3 M g 0 . 6 S i 0 2 . n H 2 0 proposed by E f r e m o v (1939) t a s 
a p robab le end member of the sepioli te g r o u p . 

The a p p a r e n t lack of homogenei ty f inds a c o u n t e r p a r t in many sepiolites, which 
consist of a mix tu re of an a f o r m consis t ing of o r thorhombic or monoclinic 
fibres, and a f} f o r m , which is isotropic and amorphous . The r e f r ac t i ve indices 
of the componen ts in the T u m b y B a y mater ia l a r e of the correct o rder f o r 
compar ison with these substances. 

Since the d a t a as yet to hand do no t w a r r a n t the erection of a new mineral 
species, the minera l is ten ta t ive ly regarded as sepiolite, or possibly as a dehydra ted 
f o r m of it, l a rge ly f r e e d f r o m zeolitic water , possibly as a resul t of the con-
di t ions a t t end ing i ts f o r m a t i o n in a shear zone. 

Some of the sepioli te (No. 6) encloses f r a g m e n t s of black quar tz , resembl ing 
" g r a v e l " in the talc. The q u a r t z occurs as clusters of crenulate , in ter locking 
gra ins , 0-2 mm. to 0-5 mm. across, and shows s t ra in polar iza t ion . A t the marg in 
of the clots, the qua r t z tends to be finely in te rg rown with the isot ropic component 
of the sepioli te. 

* Longchambon, H., Compter Rendus Acad. Sei. Paris, 200, 947-949, 1331-1333, 1935. 
t Efremov, N. E., "On the Classification of Some Magnesial Silicates and Their 

Alumo-analogues", Comptes Rendus (DoHady) de I'Acad. Sci. de I'URSS 24, 
No. 3, 287-289, 1939. 



Fig . 1 . — T u m b y Bay t a l c d e p o s i t s — L i n e of ta lc w o r k i n g s 

F ' S - Z - — T u m b y Bay ta lc d e p o s i t s — C r u m p l i n g in 
s c h i s t s which a r e l a rge ly rep laced by ta lc 
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T h e sepioli te also conta ins brown-s ta ined pa tches , which extend ou twards f r o m 
central opaque areas , wi th a tendency to r ec t angu la r shape , sugges t ing the f o r m 
of p y r i t e crystals . 

Quartz Schists, Quartz-Talc Schists, and Talc Schists 
Some of the rocks in the zone—as a t the compressor s i t e—are finely banded, 

pa le -grey to brownish schistose rocks, which in th in sections a r e seen to consist 
essential ly of quar tz , talc, and minor amoun t s of chlorite, leucoxene, a n d tourma-
line. The p r o p o r t i o n of q u a r t z to ta lc var ies considerably f r o m specimen to 
specimen. I n one ease (No. 2) augen of f e l spa r , u p to 2-0 mm. long, occur 
a long the schistose planes . 

The qua r t z occurs in small e longated gra ins , all wi th the i r long axes para l le l 
to the band ing , and a r e sometimes embedded in talc flakes which a r e similarly 
or iented. R e f r a c t i v e index measurements and opt ic axial angles dis t inguish the 
t a lc f r o m muscovite. Occasional lenticles of chlori te a r e present , e longated 
para l le l to the banding , a n d associated with numerous par t i c les of opaque 
leucoxene. The rock is speckled with sparse , minute , b rown tourmal ine , and 
very occasional par t ic les of pyr i t e , magnet i te , or l imonite. 

As the p ropo r t i on of ta lc increases, the q u a r t z g r a in s become smal ler (0-2 by 
0-05) , and become isolated or in ter leaved with the talc. Chlori te d i s a p p e a r s and 
s t r ings and pa tches of leucoxene occur, chiefly with quar tz , between the flakes 
of talc. Tourmal ine p r i sms (0-1 mm.) tend to lie para l le l to the banding . 
I n one section (No. 26) , the band ing is c rumpled—which gives the section the 
a p p e a r a n c e of watered s i lk—and in this the qua r t z and talc flakes fol low round 
the fo ld in the crumples , curv ing with them. The band ing is crossed by zones of 
shea r ing oblique to the band ing and rela ted to the crumples . 

Jasperoids 

The t e rm " j a s p e r i o d s " is used in the sense defined by Holmes* f o r fine-grained 
q u a r t z agg rega t e or chalcedony der ived by the rep lacement of calcareous rocks. 

The j a spe ro id rocks p re sen t a va r i e ty of types , all genera l ly s imilar in t h a t 
they a re the p roduc t of silieification of p re -ex is t ing rocks in the zone of a l te ra t ion . 
There is, however, no a p p a r e n t sequence in the d is t r ibut ion of the var ious types , 
a l l of which a re closely associated with the ta lc deposi ts . These var ious rocks 
f o r m the chief o u t c r o p p i n g po r t ions of the talc-bearing- zone. 

Some of the j a spe ro ids (No. 3) resemble dolomite in the hand specimen. They 
a r e buff-coloured and have a close, dense, t ex ture . I n th in section they a re 
seen to consist almost solely of in ter locking microcrysta l l ine g ra ins of qua r t z , 
with i r regu la r coarser -gra ined pa tches dispersed th rough the finer quar tz . R a r e 
small g r a in s of a colourless hornblende may be p resen t . The buff colour is 
i m p a r t e d by brown in ters t i t ia l mater ia l , sometimes suggest ive of a l tered bioti te. 
I n places there a r e discont inuous, paral le l , n a r r o w bands of ve ry fine-grained ta lc 
or mica. This impers i s ten t band ing suggests a rel ict of a t ex tu re inher i ted f r o m 
an or ig inal ly banded rock. 

Some pa tches of j a spe r iod (No. 8) associated with sepiol i te nodules a r e 
grey ish-whi te and sub-opal ine. The j asper iod has a s h a r p bu t i r r egu la r junc t ion 
with the sepiolite, and both a r e t raversed by n a r r o w veins of chalcedony. The 
j a spe r iod is so fine-grained as to a p p e a r almost isotropic , and much of it has 
a finely fibrous t ex tu re inher i ted f r o m the replaced- minerals . A par t i a l analys is 
showed tha t this rock consisted of abou t 90 pe r cent silica. 

Much of the j a spe ro id is banded in l ight -grey or brown and da rk-grey bands, 
in which fine c rumpl ing and banded s t ruc tu res a r e preserved. Both light and 
d a r k bands consist chiefly of microcrysta l l ine to c ryp tocrys ta l l ine quar tz . 

* Holmes, A., Nomenclature of Petrology, p. 127, 1928. 
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Frequent ly , there are more or less rectangular areas of quar tz in which all the 
minute gra ins a re elongated parallel to the length of the area. Fi lms of brown 
stain between the quar tz grains give these areas the appearance of good cleavage 
paral lel to the length, and it is evident tha t they have been derived by the 
replacement of a well-cleaved prismatic mineral. The matr ix between these 
areas shows no such orientat ion of the quar tz grains. I n the dark bands, the 
outline of the replaced crystals is more accentuated; and in some cases opaque 
limonitic cores occur within the replaced crystal. These banded jasperoids also 
contain a considerable propor t ion of a fibrous micaceous mineral which is probably 
fine talc. 

I n some specimens the jasperoid has been brecciated, and sufficient of the 
original banding is preserved by the quar tz to outline the f ragments . Some show 
a grading, along their strike, into talc-quartz schists, the gradat ion being a 
l i t-par-l i t section in which tongues of one rock give way to tongues of the other 
rock. I n other specimens, the jasperoid occurs as r ami fy ing bands about 2 mm. 
to 3 mm. thick, interleaved with bands of sof t talc of about the same thickness. 

I t thus appea r s tha t the jasperoids replace rocks of vary ing composition. 
Some may replace dolomite, and some certainly replace schist. Much of it tends 
to grade into talc-jasperoid or talc-schist rocks, and so into the talc lodes. 

CONCLUSION 
Petrological examination of the rocks indicates that the talc bodies at Tumby 

Bay, and their associated jasperoids, occur in a zone of shearing and crumpling 
along the margin of a broad bed of dolomite. The shearing has given rise to 
granula t ion in the marginal p a r t of the dolomite. The shearing and crumpling 
appea r s to have been most intense along the contact of the dolomite with the 
schists tha t bound it. 

The development of the talc and the secondary jasperoids was associated with 
the introduction of siliceous solutions; possibly associated in origin with the 
pegmati te dykes tha t occur in the vicinity. The magnesia fo r the talc was 
derived presumably chiefly f r o m the dolomite, but in p a r t faom the mica of 
the schists which have been replaced. The propor t ion of dolomite involved in 
the fo rmat ion of the talc and talc schists cannot be established, but much of the 
banding tha t suggests replacement of schists may be a relict of replaced schistose 
dolomite. (19 /3 /46 . ) 
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PART V 

MINOR TALC DEPOSITS 

Chapter 1 

T A L C A N D F E L S P A R D E P O S I T N E A R L O B E T H A L 

BY 

A . W . G . WHITTLE, M . S C . (PETROLOGIST) 

Situation:—Section 5083, hundred of Onkaparinga, county of Adelaide. Private 
property with the minerals alienated from the Crown. Operated by Pyro-Meg 
& Felspar Co. 

LOCATION 

The work ings a r e in section 5083, h u n d r e d of O n k a p a r i n g a , 1A miles east of 
Lobethal . 

PRODUCTION 
The a p p r o x i m a t e a m o u n t of mater ia l obta ined f r o m these work ings since 

p roduc t ion commenced in 1932 i s : 
Felspar 656 tons—valued at £1,260. 
Soapstone 3,347 tons—valued at £7,717. 

NATURE OF THE WORKINGS 

There is insufficient da t a on which to build u p a complete p i c tu r e of the 
geology, the only observat ions obta ined be ing in the var ious p i t s . However , the 
genera l n a t u r e of the rocks is s imilar to t ha t of the rocks in the Gumeracha 
d i s t r ic t . 

Quartzite 
A l i t t le una l te red quar tz i t e outcrops , bu t the g r ea t e r p a r t has been conver ted 

to a f ine-grained whi te albi te rock r e t a in ing the or ig inal bedding . 

Schists 

B r o w n mica schists a re the p r o m i n e n t rock type . I n most places where these 
occur they a r e r ich in or iented ta lc flakes and o f t e n show evidence of a lbi t iza t ion. 

To I cose Pegmatite 

The most in te res t ing rock t y p e is the talcose pegmatite f r o m which the 
c o m p a n y obta ins i ts f e l spa r . This rock var ies f r o m a f ine-grained talcose a lbi te 
rock to a coarse pegmat i t ic - looking rock with la rge crys ta ls of albi te u p to 4in. 
long showing mul t ip le twin lamellae. The talc, in t he coarser types , occurs in 
g r a p h i c in t e rg rowth wi th the f e l spa r . This is no t a p e g m a t i t e in the t r u e sense 
of the word , bu t is an a l tered sediment, i.e., a complete ly albi t ized sediment . 
W h e r e the rock is fine to medium gra ined i t is comparab le wi th theI albitized 
qua r t z i t e a t Gumeracha , whereas the very coarse types , suggest ive of pegmat i t e , 
a r e comparab le to t he clay rock nea r D u n s t a n ' s mine. U n d e r condi t ions f a v o u r i n g 
complete and und i s tu rbed crystallization, ' l a rge albi te crys ta ls could easily grow 
u p to several inches in size. 

The bulk of the ta le obta ined here is a fine-grained massive type , real ly a 
s tea t i te or soapstone, genera l ly bad ly s ta ined by i ron compounds . A considerable 
q u a n t i t y occurs in the mos t easter ly q u a r r y . This q u a r r y is only about 8 f t . 
deep, bu t a shallow s h a f t sunk f r o m the floor shows the talc to be con t inu ing 
downwards . Schist is associated with the ta lc in this q u a r r y a t i t is in o thers 
on the p r o p e r t y . The ta lc is f r e q u e n t l y qu i t e clayey, due to the kaol in izat ion 
of a lbi te which is d isseminated th rough it . The ta lc which occurs in g r a p h i c 
in te rg rowth wi th coarse-gra ined albite is a green, coarser -gra ined , flaky var ie ty . 
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CONCLUSIONS 
There is quite a considerable reserve of f e l spa r and soapstone, so tha t the 

quarr ies may yield a supply of the order of present product ion f o r quite some 
time. The shallow sha f t extending below the floor of the eastern quar ry indicates 
tha t talc f r e e f r o m iron staining' is to be expected in depth. 

F u r t h e r occurrences of talc, f o r about J mile N. to the main road f r o m 
Lobethal to Mount Torrens, indicates that some prospect ing in this direction may 
be well worth-while. 

The specialized use of soda-rich fe l spa r in indust ry should make the exploita-
tion of this deposit of albite f e l spa r very at tract ive. 

P l ans showing the location of this deposit are pr in ted on pages 8 and 19. 
(30 /9 /49 . ) 
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Chapter 2 

TALC O C C U R R E N C E S I N T H E L Y N D O C H D I S T R I C T 

BY 

A . W . G . W H I T T L E , M . S C . (PETROLOGIST) 

LOCATION 
The pr incipal talc bodies occur about 2 miles E S E . of Lyndoch, in hilly 

country which rises sharply f r o m relatively flat rolling country a t an average 
elevation of 900ft. The elevated country in which the talc is located varies f r o m 
1,500ft. to 2,000ft. 

No registered claims have been taken out in this district f o r the workings are 
on pr ivate p roper ty and a p p e a r to have been worked by the p roper ty owners 
themselves. 

PRODUCTION 

No figures are available, but in any case the product ion would be of a very 
low order. 

NATURE OF THE WORKINGS 
In general, the workings are not advanced beyond prospect ing holes. How-

ever, several small open cuts have been made, while in section 3133 there is a 
s h a f t (depth unknown) and an ad jo in ing open cut f r o m which possibly 50 tons 
of soapstone may have been removed. 

GEOLOGY 
The sudden change in elevation f r o m 900ft . to 1,500-2,000ft. between the 

plains to the west and the hills in which the talc occurs is s t rongly suggestive 
of a m a j o r meridional block f au l t located no more than 1 mile W . of the talc 
orebodies. This f au l t ing has no genetic relation to the tale format ion . 

The significant local s t ructural f ea tu re is the presence of a syncline, almost 
isoclinal in nature, s t r iking approximate ly north and south. The syncline is 
overturned so tha t its axis clips steeply eastward. I t s pitch is 10° S. I t is in 
the western limb of this syncline tha t the tale orebodies are to be found . 

There are two impor tan t rock types associated with the talc, namely, quartzi te 
and muscovite-biotite schist, the lat ter f requent ly containing thin interbedded 
bands of calc-silicate rock. Albitized equivalents of these two country-rock 
types are of common occurrence both in association with the talc itself and 
elsewhere where no talc has been recorded, hence the general fea tures are 
analogous to those of the main Gumeracha field to the south. 

The talc orebodies are roughly lenticular in shape with their longer axes 
directed approximate ly parallel to the pr incipal synclinal axis. Although the 
detail is of ten very obscure owing to intense local albitization or to lack of 
sufficient outcrops, it is obvious tha t the lenticles of talc occur in minor drag 
folds on the western limb of the main syncline where the quartzi te has been 
albitized and the schists albitized, and, in pa r t , converted to flaky talc. Occur-
rences of talc are distributed f o r a t least 2 miles S. of section 3133, which is 
as f a r as this survey was extended. However, i t is probable that they would 
continue even f a r t h e r south towards Will iamstown. 

Along the eastern limb of the syncline there are no talc orebodies, but in 
places where drag folding is developed there are strongly albitized zones. 

The talc itself is identical with that obtained a t Gumeracha. I t is a green 
flaky type with fine disseminated white crystalline albite, and it contains large 
boulders of albitized country-rock. 
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CONCLUSIONS 
F u t u r e production of talc in this region is favoured by the close proximity of 

the rai lway which passes through Lyndoch, 2 miles away. However, fac tors 
against the development of this field are principal ly the small size of the talc 
orebodies and their location in steep hilly country. The general quali ty of the 
talc does not a p p e a r to be in any way infer ior to tha t obtained in the 
Gumeracha district. 

P lans showing the location of these occurrences are pr inted on pages 8 and 19. 
(5 /12/49 . ) 



129' 

Chapter 3 

TALC O C C U R R E N C E S IN T H E V I C I N I T Y O F W I L L I A M S T O W N 

BY 

A . W . G . W H I T T L E , M . S C . ( P E T R O L O G I S T ) 

LOCATION 
Talc is known to occur on sections 1180 and 1.181 about 1 mile E N E . of 

Williamstown. 

PRODUCTION 
The only production recorded is 56 tons of soapstone obtained in 1944 f rom 

section 1181. 

NATURE OF THE TALC OCCURRENCES AND LOCAL GEOLOGY 
The workings are small. There is an adit, extending about 50ft . into the hill-

side, in one place, while elsewhere there are small open pits. 

The talc occurs amongst mica schists with minor marble and quartzi te beds 
lying immediately above the ilmenitic basal gri ts which pass through Williams-
town. The marble format ions are strongly ta lcose, .and f requent ly carry copper 
carbonate which is disseminated through the rock rendering the talc strongly 
coloured. The schist and minor quartzi te intercalations a re strongly albitized 
and in places contain some impure tale. 

The association of talc with the carbonate rocks is purely for tui tous , i.e., 
the talc cannot be regarded as derived f r o m them because their magnesium 
content is very low, and the abundance of albitized country-rock locally, indicates 
that the genesis of the tale here is most probably the same as that at Gumeracha. 
There are insufficient outcrops ii:. this locality to establish the s t ructural control 
of the talc deposition. 

CONCLUSIONS 
The talc occurring in this locality is in small amount only and is very impure 

in quality. I t is contaminated with copper carbonates, lime carbonate, and 
country-rock to such an extent that it would be difficult and costly to beneflciate 
the talc. 

A plan showing the location of these occurrences is pr inted on page 8 
(7 /12 /49 . ) 

*E 
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Name County 

1. B. Edwards Flinders . . . 

2. Burrawing copper mine Flinders . . . 

3. C. J. Partington Flinders . . . 

4. Tumby Bay Talc Co. N.L. Flinders . . . 
(Minerals Pty. Ltd.) 

5. S.A. Mines Co Flinders . . . 

6. John Dunstan & Son (W.A.) Adelaide . . 
Ltd. 

7. Torrens Mining Co. Ltd Adelaide . . 

8. J. Porter Adelaide . . 

9. Talunga talc • Adelaide . . 

10. Fairview phosphate mine . . . . Burra 

11. Minbrie mine Jervois 

12. G. Page Jervois 
13. Tweedies Gully mine Adelaide . . 

14. C. W. and L. C. Smith Adelaide . . 

MINES IN SOUTH AUSTRALIA 

(MARCH, 1949.) 

Section 

403 

AS 

As, AN, 46 

AN, 28, 33, 42 

6265, 6323, 6543, 6274, 
closed road 

6268, 245, 6264, 6266, 
6267, 6212-4, 6329 

6213, 6214, 6212 

6274, 6275, 6380, 6384 

4 

110 

Pt. 171 and 172 
3131, 3133 

1180, 1181 

Mineral Claim or Lease 
MC. 10490, 10491 

MC. 11803 

MC. 10975, 552, 923 

ML. 2676 ; MC. 726 

MC. 638, 639, 444, 517-519 . . 

ML. 2777, 2514 ; MC. 559, 
private property 

MC.14222-3 ; sections 6268 
and 245, private property 

Private property 

MC. 559, 560, 640, 648, 779, 
695 

Private property 

MC. 345 

MC. 614 
MC. 618, 765, private property 

MC. 622, 623, private 
i property 

Remarks 
No returns ; cancelled 1918 

No returns ; cancelled 1918 

Small production, 1948 

ML. 2676 chief producer at 
Tumby Bay 

Small production, 295 tons 
1943-44 

Chief producer at Gumeracha 

Consistent production since 
1929 

Small production of asbestos 
and steatite, 1939-44 

Mainly prospecting. Small 
production 1942-46 

By-product phosphate 
mining, G.S.S.A. Bull. 7 

Small production 15 tons 
1929 

No production, cancelled 1945 

Prospecting only, no 
recorded production 

Small production, 56 tons 
1944 



RECORD OF TALO M I N E S — c o n t i n u e d 

Name 
15. Lyndoch asbestos mine 

16. Lobethal Soapstone and 
Felspar (Pyro-Meg & Felspar 
Co.) 

17. Flinders Talc 

18. Leslie Bros 

19. John Dunstan & Son (W.A.) 
Ltd. 

County 
Adelaide . . 

Adelaide 

Out of counties 
N.E. division 

Out of counties 
N.E. division 

Out of counties 
N.E. division 

Hundred 
Barossa and 

Nuriootpa 

Onkaparinga . . 

Section 
585, 1800 

5083 

( K 4 ) 

(K4) 

(K4) 

Mineral Claim or Lease 
MC. 15237, 15322, private 

property 

private property 

ML. 2867 ; MC. 842, 839, 
867 

M.L.2876, 2877 ; M.C. 868, 
890 ; M.L 2872 ; MC. 889, 
891 

MC. 820, 979-989, 1051, 
1064-9 

MC. 900 

Remarks 
Small production, 40 tons 

1937 

ooapsione prouucuon since 
1932 

Production since 1945, and 
increasing 

Small production, 1946-47 

No recorded production 
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