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l"ART I. 

Jl .• 

GENERAL STATEMENT - INvESTIG.A.TION OF 
URANIUM DEPOSITS. 

Mdunt Painter, Sou.th. Australia. 

by 

S. B~ DICKINSON 
i I 

Directo:r. ot' .Minas~ Government Geologist 
south .Australia. 

(Plans 3286, 3285~ ~979, Sheet~ 31, 32, 33 
illustrate this report). 

I. I j[NTRODUCTION~ 

On 17th May, 1944, the Hon. F~M. Forde~ M.H.R. 
Acting Prime Minister o~ Australia was brgently rebuested 
by the Bri t·ish Government to ho.ve immediate steps taken to 
investigate the possibilities of' the production of' uranium 
f'rom Australian ore depb,si ts. In response to tt;ie request 
attention wns at once given to the old Mount Pe.inter and , 
Ro.dium Hill fields of' South Australia. where during: the past 
40 years a number of' Qttempts had been made by smnl.l mining 
interests to explo,it the:i.r, deposits f'or .the recovery of 
rndium. Although' these ventures were f'inancially unsucc-
ess:Cul, ·a small: quri.ntity of' r'.ldium was produced, but the 
recovery of' uranium was not considered seriously both on 
account of' unfnvourable ma~ket conditions and the dif'f'icul-
ties of' the treetment of' tl:ie ore. f:,.pnrt f'rom these . 
attempts no other occurrences of' radi~ective minerals hsve 
been of' anything beyond scientif'ic interest. 

Mount Painter is,situ;:ited.94miles by road north­
ea.st of' Copley, '1'1hich is 373 miles by rail f'rom Adelaide on 
the Quern-Alice Springs line. Rb.d:i.um Hill lies 12 miles 
south smith-east. of. Cut an a $idin~, 275 miles from. J:..delaide 
on the Broken Hill railw~y line (see locRlity map). Both 
these fields occur in Crown larid reservGtions in which min-

. i~g Operations now are completely bhder the control of the 
·.South Austr2.li2n Government. In the event of' new deposits 

being discovered outside the reserv<:tions, e. wnr-time 
emergency regulc:\tion limiting the sale of' uranium and ur<>n­
ium ores to the South Austro.lic.n Government, or through 
its ngency, has been enacted. Steps o.re else being token 
to ensure a continuance of' this control af'ter the ·removal 
of' National Security Regulations by nn EUllendment to the 
south Australian Mining Act. 

The investigations ct the Mount Painter. and 
Radium Hill f'ields were planned and executed solely under 
conditions imposed by the exigencies of' war without regc,rd 
f'or strict economic principles, definitely only with the 
object o'f: assisting the purposes o'f: the "-Overoment o'f: the 
United Kingdom. _,. 

II. ORGANISATION. 

The primary_ objective of' the investigation wns to 
determine the capacity of the Mount Painter and Radium Hill 
'f:ields f'or producing uranium and for acquiring this knowl~ 
edge in the minimum of' time. 
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The work was ca rri ed out under the i-ns truct ions 
of Mr. J. Malcolm Newman, Commonwealth Controller of Minern.ls 
Pr oduction end in conjunction w{th the Deportment of Su~ply 
and Shipping. 

,The orgcnis 2tion of the work in the fi eld e~d tha t 
of the engin eers and workmen, end nlso of the scientists 
whos e services were required in the investi gation, was dir­
ected by Mr~ s. B. Dickinson, Di~ector of Min es and Govern­
me nt Geolog:i. st of South J.ustrnli a• 

FIG. 1·· Mount Paint er and No. 6 Workings. 

FIG. 11. Mount Painter and No . 6 Workin gs. 

The ar ea surroundin g Mount ?ainter is in the 
trackl ess inhospitable mountain country of the Flinders 
Ranges. Cons equ ently for the transportation of stor es and 
mat erials access roads had t o b e c onstruct ed and heavy 
mechanic~l plant, besides pack camels and horses was needed. 
Also an aerodrome was made ~t Balcanoona, d istant about 
25 miles from Mount Paint er. 

Owing to the time consumed in thes e preparatory 
operations t be· a ctual minin g operati ons had to be com­
pr ess ed into a period of less than three months. These 
opera tions wer e carri ed out without a hitch and no praise 
is too hi gh for the working miners who spa r ed no effort to 
ge t r esults and to contribute to a successful issue. 

For the sci entific work b esides the s tron g and 
well- equipped surveying, geological end geophysical field 
pe.r ti es , several research cut horiti es willingly lent their 
aid f or the study of mineral as soci a tions ~nd the rec overy 
of the ura nium from the differ ent ores. 
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·. The exeGut ion. of' the investigation o.ccordi~g 
to plan was iargely due to the solid co~operntion of all 

. bodies participating .i.n the work, and with the exception 
of' a small sum expended in f'ees o.nd allowances to special 
t·echnical of':ficers~ all the scientif'ic services ref'erred· 

·to below were rendered without charge. 

The Council f'or Scientific and Industrif.U Re­
search e~rnnged f'or various lines of research work to be 
undertaken expeditiously. These included the miner~g­
raphic studies by Dr• F.L •. Sti,llwell c..nd

1
Dr. A.B.Edw~rds,. 

the ~ea¢hing of' uranium ores under the direction of' Mr. 
Grenf'ell Thomas, and the ore-dressing inyestigations ,in 
the Bonython Laboratory of the South Australian School 
of Mines and in the Metallurgy School of the University 
of' Melbourne~ 

The Geological Survey ~f south Australia, with 
assistance of' the Mineral Resdtirces survey, carried out 
the geological mapping and serripling, and the Assay Depart­
ment of the south Austrelian School of' Mines assayed the 
so.mples and undertobk a number o:f precise determinations 
f'or special purposes. . . 

. The Mineral Resources, survey conducted the 
geophysid21 surveys and detailed labor8tory studies on 
the assaying o:f the uranium ores by geophysical methods. 
In both these nctivities the Physics Department of' the 
Adelo.ide University rendered much o.ssistance. . 

Sir Dougles Mnwson, ?rof'essor of' Geology at the 
University o:f AdelE>.ide, f'urnished m~my scientif'ic reports 
and ElI'ranged f'or certain studies9 both of' which have cdn­
tributed towards a better underst2.nding of' the origin of' 
the uranium deposits. 

. In addition to the work done by scientists, the 
Royal l~ust:r'aliGn Air Force took aeria.l photogrnphs and 
provided aircrnft f'or the trensport o:f key personnel to 
and f'rom the Mount Painter :field; the ..Australian Army 
prepared photomaps nnd furnished . the mrnpower f'or mining 
operations and certain special equipment; the Engineer­
ing and Water Supply Department of' the South ,Australian 
Government built the access roads and r..erodtdine; the 
Zinc Corporation Ltd., Broken Hill, made nvailable mining 
engineers an~ plant, and other Commonwealth and State 
Government Departments .all mF,de usef'ul contributions to 
the investigation. 

The :following organization charts indicate the 
chief' sub-divisions of the investigations:-
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.ORGANIZATION. OF SCIENTIFIC INVESTIGATIONS. 

MOUNT PAINTER .. PROJECT. 
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ORG!.NIZ.ATION OF WORKS PROGRAMME. 

MOUNT PAINTER I'RO.JECT. 

COMMONWEALTH CONTROLLER OF MINERALS l.,RODUCTION 
J. MALCOLM NEWM.AN 

CONSTRUCTION 
___ _.I . 

i Roads· · 1 

Cemp and· Mine· 
Prepo.rat i.on ' 

--+water Supply I : 

i 
DELEGATE 

S. B. DICKINSON 

MANAGEMENT 
I 

Equipment Procuremen 

1----1 Manpower Procurement 

Maintenance 
nnd 

Trnn sport Control 

O:ff'ice 
Admi.nistrntion 

MINING OPERATIONS 

Mount Paint.er 

Ens t Painter 

---{'15Tamond Drilling 

Prospecting 

The several scientif'ic and technicRl bodies,. ang. 
the personnel directly and indirectly concerned with pre­
paration of' the various reports nre listed in a schedule 
at the beginning of' this Bulletin. 

III~·--~tl.ISTORICAL REVIEW. 

The original discovery of' ure.nif'er01.,1s .minerals 
neftI' Mount Painter we.s made in 1910 by W.B. Greenwood; who; 
since 1898, had been employed und subsidised periodically 
bi the south Australian Government as a prospector f'or the 
Mount Painter £:.nd Yudnamutana district. One of' the spec­
imens sent to the Department of' Mines was identif'ied as 
containing cnrnotite, other specimens f'rom the same line 
of' outcrop left at the Adelaide University were found by 
Sir Douglas Mawson to contain torberni te. 

These discoveries aroused immediate interest 
in the f'ield as a possible source of' radium and £allowing 
an examination by Sir Douglas Mawson o'f' the outcrop f'rom 
which these srunples were derived, the Radium Extraction 
Company of' South· Australia Ltd., with a nominal capital 
of'. £5, 000,, .wo.s incorporated on 28th November, 1910, to 
explore f'Urt her and develop the 'f'ield. Within a 'f'ew 
weeks a prospecting party was despatched to commence 
work on Radium Ridge V:.'here the ore was first found. 
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The party was in chGrge of H. Fabian, former Government 
'prospector~ ~vho had previously mElde v~luable discoveries of 
gold near Tnrcoola. w. B. Greenwood was employed by .the Com- . 
pany to prospect an orea. of' eigtit. square miles covered by 

, senrch licences. and A. c. Broughton of' the .h.delaide University 
accompanied the party to unde.rtake measurements of radio­
activity with nn electroscope. Two other companies, the 
Mount Pa~nter ?roprietary co. Ltd., and the Mount ?ainter 
~nst Prospecting Syndicate, pegged claims but did little work. 

During the course of' the f'irst six months this 
Company opened up Nos. 1, 2.~ 3 and 4 Workings for a few feet 
in depth, but. owing to extremely hard ground Nos. 1 and .2 
were abandoned. When operations becaine handicapped by lack of'. 
water, the Government sgreed to provide funds for the sinking 
of' wells and this work was pursued concurrently with the ex-
ploration. At :No. 3· Workings a shaf't was sunk 50 :reet with 
a crosscut 25 f'eet north. At No.4 a drive Was put in 25 
feet under the outcrop, and at No. 5 ·Workings a shallow excav-. 
at ion 7 feet deep was made. The No. 6 Workings found by H. 
Fabian in May 1911 turned out f'ar the most promising and . 
yielded high grade ore f'rom the f'i·rst out, almost pure torb­
ernite f'orming a rich seam, two to three inches wide, on the 
hanging wall side of a lode formation. As sinking proceeded 
the ore extended over the f'ull width of'. the shaf't. . This was 
the deposit with which the recent investigations were chiefl.y 
concerned. No. 7 deposit was operied up shortly after No.6. 
At the end of twelve months opero.tions 15 men were employed 
and by this time G small supply of' water was developed at 
Mount !'ainter but no supply had been obtained at Blue. Mine 
Creek, the terminal of' the road from whence the camel trans-
port to the field commenced. Ore produc~d for the year 
amounted to o. few tons of'. rich "specimen·" character some of' 
which was sent overseas. In 1911 the first report on the 
f'ield by ~~Y.L. Brown, Government Geologist (1) was published 
and describes the features of' the Nos.1-6 Workings. The 
Company now realised the necessity for concentrating .the· ore 
and f'or extracting the radium and uranium in Austre.lia.· In 
October, 1911, H. Greenway was appointed mannger, replac-ing 
H. Fabian who asked to be relieved, and the ensuing work com­
pri·sed chief'ly the development and prod'Jction f'rom the No. 6 
Workings. The main shaft was sunk to a depth qf' 100 feet 
and a tunnel was cormnenced to intersect the shaft at a depth 
of' 200 feet. The f'ield wns visite~ by Dr. L.K. Ward (2), 
Government Geologist, 1912 and his report published ih Mining 
Review 17, p. 27..:.33, gives a detailed account of' the operations 
to ·that date. At the time of' this: visit no work w~s in pro-
gress, both. H. Greenway and his successorG. Kemp having re­
signed and·. lef't the f'ield. The developiµent work recommended 
by Dr. Ward· was undertaken shortly ~ter by t.he Company under 
the direction of' H.G. Stokes. Dr. Ward (3) visited the 
f'.ield again in May 1914 by which date the limits of the rich 
shoot at No;6 had been determined and production was being 
maintained solely by extracting rich ore :fr.om around the 
shaf't near the surf'ace. Dr.· Ward stc.ted the ore reserves 
to be 300 tons, containing approxima telY.. o. 5% of' ure.nium, 
trioxide, in .. addition to 700 tons of' rejept material ce.rry­
ing o. 75-1 •. 0% uranium tri()Xi<ie• 

. . o·pero.tions were interrupted by .the outbrea1.~ of' 
the f'irst E-µropean war as· the shipmen ts of. ore had. been 
mr=i.de chief'ly to European countries. In 1917 the Radium 
E.xtro.ction Company of ''south Australie. Lt<l.1 went into liq-
uidation af'ter'having sperit £7,000. i'~pnvt :from the fail-
ure_ to develop a sufficient- tonnage of high grade ore e.nd 
the dif'f'iculty of' exploiting the low grade o_re, this 
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enterprise wc.s severely hampered f'rom the beginning by the 
. then insuperable natural difficulties in a region of trcck­
less rugged mounte.ins devoid of permanent water. 

A keen market for ro.dium led to renewed interest 
in the Mount :Painter field in 1924 when f'our companies t'in­
anc~d by Victorien and South Australian shareholders were 
f'orrned. In 1926 they were merged into the Australian Rod-
i um Corporo.ti on N. L. 9 which worked the deposits intermi tt­
en tly until 1934. An experimental treatment plant and re­
finery (4) was erected at Dry Creek, 6 miles .from Adelaide, 
to which h~~d-sorted ore and crude concentrates were cnrried 
about 450 miles· f'rom the field -and a mining camp was re­
established near the No .. 6 Workings. Transport to nnd :from 
Mount Painter presented grent dif'f'iculties. Loadings were 
necessarily small with pack cruncls moving supplies anQ ore 
f'or seven miles between the mines 2.nd Blue Mine Creek c.t the 
end of' the road f'rom Copley 75 miles distnnt on the ~ort 
Augusta-Alice Springs narrow gauge railway. Owing to the 
existence of' this camel section it was impossible to tr2~s­
port herivy machinery to the mine. The largest unit op the 
f'ield was n 7t H.P. Ruston-Hornsby oil engine which wns cetrr­
ied on n sleigh dragged by cc..mels. _ !t wo.s used to drive a 
miniature crushing and screening plant which gave unsatis­
f'c~ctory resi.11 ts (5). La.cl:c. of' water prevented any leaching 
trentment being established• 

Like the er~lier venture ~his attempt was unsucc­
essf'ul owing to the lowgrnde of the ore, the dif'f'iculty of' 
we.tor supply c.nCI, .th~ extremely costly transportc.tion. The 
e!hount of' underground development work during the period was 
extr9mely small. f'or the time over which the lenses· were held, 
nnd the uncertainty as. to the extent o.nd nnture of' the ore 
occurrence nt No. 6 Workings still remo.ined f'.t the cessntion 
of operations in 1934«• Dr. L.K• Ward (5) visited the f'ield 
f'or the third time in 1926 ru'ld reported on the lnrge number 
of lode f'ormntitons showing tre;ces of' torberni te which indic­
o.ted the possibility of' the discovery of' other ore shoots 
by more intensive prospecting and! the lr.:rge .extent of rough 
unprospected country east ttnd sotith-enst of Mount ?ninter. 
In 1929 the Chief' Inspector of Mines, Mt. L~J. Wiriton (6), 
visited the field o.nd stressed the need for :further pros­
pecting nnd development including an investigation of'. the· 
possible occurrence ot' primr~ry rt'.dio-n.cti ve min crals at depth 
in the f'ollowing words:-

"Rich ore hc.s been f'ound in the pe.st and new occurrences 
of' such mey be discovered in the :future, but the general 
exposures of uranium. minerals 2.I'e o:f low grade, and an 
effective means of' concentrating such ore to c. profit­
able grnde must bo :found,. bearing in mind also the com­
petition f'rom other known sources of' production. 

"The. extent of' the. f'ield~ the number of' uranium rrti.nero.l 
exposur0s t hr01.~ghout it, end the f'ormer discovery of 
rich ore nre 9 however, facts which :fully warrant further 
development i:tnd explorationo" 

In 1934 the lenses were abandoned .s.nd the :field 
was deserted once more until the commencement of' the present 
operations in July t944. The early work hcd locnted only 
one small orebody. The inaccessibility of' .tho di~trict and 
the absence of. high-gr2.de ore limited exploratory activity 
consider2.bly arid discouraged prospectors so that a large 
area of' uranium-bearing country still rem~ined virtuaJ.ly 
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unexplored when the British Government's request v1as received. 
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IV• ,- l'~'>ST )?.RODUCT ION. 

Available, records show the.t .tpe f'ield produced - ,­
cbotit 136 tons o:f selected uranium ore equivE..lent to approx;.;. 
imat.ely 3 tons of' uranium trioxide.··. Ttle output :f'or the 
1911-'1914 period was sold overseas; "vhiist the 1924-34·pro­
duction was tree.tea. ct Dry Creek, f.,.delaide, :for separc,tion 
o:f the rndi um 2.nd ti:hmium con tents. The total quantity o:f 
rndium recovered at this Picnt was 194 millfgrams vc-,lu ed at 
£2,338 and 1, 256 lb. of sodhtm urA.nate et £213. The total 
value o:f' the ore produced since the discOV\3rY o:C the :field 
is estimated 2..t £10, 000 which is chie:fly the vo.lue bf' the 
radium content .. 

URANIIDJ!-&:.DIUll,i! PRODUCTION - MOUNT PAINTER DISTRICT • 

.. 

Yenr Ore GrB.de Sodiun 
Selected U308 Rodi um urnno.t.E 

lb. 
Val,ue · 

Tona Per cent m:J..Lgrms. £. . . s. 

?rior to 1913 7 2.0 
2. 25 2.02 
o. 25 25. 0 
0.25 . 25. 0 

1913 25.0. 2.60 
20.0 3.24 

1914 0.25 25.0 
1925 7.01 508 172. 17. 
1927 97.0 412 1,088. o. 
1932 72.0 336 1, 050. o. 
1934 18. 0 .240. o. 

" .. ~ .. 

Total 136 tons e:t:imatei 10, ooo. o. 
.. 

d·. 

0· 
0 
0 
Q 

0 

"· 
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V. REVIEW OF EXi'LO~lTORY OPERl.TIONS •. 

1.. INTRODUGrION: 

The plccns f'or the exominntion ·of' the Mount Pc.inter 
f'ield were f'ornruleted between 7th and 13th June, 1944, foll­
owing an inspection of the No.6 Workings contnining the 
largest known deposit. They were submitted to London on 
June 21st, 1944 nnd comprised the following tasks; first, 
road construction (July to November 1944); second,, estab­
lishment of cemps 9 m:inin~ machinery, and explore.tion of' the 
most promising deposits (October to December 1944); and 
third, if' results wsrranted, the erection of a mill ·to treat 
100 tons of ore per dny aod further developmental work at the 
mines (J2.nuary to Ji..:ne 1945), Rll to be done i:.t a total es-
timated cost of £96 9 596. . 

1944. 

ORIGINAL ESTIMATE 

15th June, 1944. 

MOUNT PAINTER i'ROJEdT. 

Schedule of estimsted expenditure 

July to November inclusive 
. . . . £. £. 

Road construction ••un••··~.•·''·~·~~~~~'•••10,000 

October to D~.cember inglusive 

Establishment of' camp <.,nd development 
of' No. 6 Workings and at outside pros­
pects Labour £7, 786, Materials 
£7;310 •••••••••••.••••• ~ •••••••••••••••••• 15,096 

Plant at No.6 and outside prospects •••••••• 7,237 
Buildings, Mt .. ?ainter Depot nnd o.t 
EGstern GrOUPo•o?•o~•••••••••••••••••••••• 3,970 

Subsidiary roc'.ds if required •••••• •O••••••• 5,000 
Contingencieso•••••·~··~o••••••••••·•~··••• 3,697 

January to June inclusive 

Supply nnd erection of plant to treat 
100 tons· per day ..... o ..... •. "• • •• •......... 32, 000 

Development at mines during erection 
or plant, per month, including cost 
of' outside prospecting•••• 

Labour .s-!~896 
Material 19370 ----

19,596 

TOTAL· 

45,000 

51,596 

£96,596 

In this review it is intended to record the main 
features of the recent ~nvestigetion which, .it is believed,. 
is unique in the history of mining explornti<Dn in Australia~ 
From the outset the record of the operations of the enrly 
adventurous prospecting enterprises, so f'ar from affording 
ground i'or hope, ro.ther indicc.ted thet the t e.sk was out of' 
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nll pr oporti on t o the r esults which wer e aimed nt. Never­
th~less ~s the initi al geologicnl ex c.minc tion of the l entic­
ular brecci nt ed, irons t one mass a t the No.6 Wo rkin gs, gnv e 
promis e o:f the possibl e occurrence of ore , the tusk rBi ~ 1Dl:E ~ 
en:I Jon e quickly i f e vi t c.1 vrnr purpo s e w0s to b e s erved. 
Full o.dv c.,nt<='-ge wes t aken o:f a number of f ecili ties in r egard 
to men and materials which the count ry's organiz ~ti on f or 
Wf'.r work mnde nvnilnble. For inst M c e wi t hou t the a s sist­
ence of the Roya l Austre.li o.n Ai r Force in t ransport a nd 
photogr aphy nnd of various Government munition activiti es, 
it would have been i mpossible t o compl e t e the pr ogr nnme 
according t o a speedy time schedule. 

FIG. 2. Ro ad Construction. Mt. Paint er Ju ly 1944. 

2. MOUNT ?AI NTER ROAD. 

Whils t wartime r egi menta tion simplifi ed consider­
~bly the pr oblem of executin g a p r oj ect of thi s char act er, 
the inhos pit ab l e terruin , di f fi cult of acces s in t he extreme, 
pres ent ed c.n ever f or midabl e na t ur a l bar r i er. Rough camel 
pads exi s t ed but wer e quite u sel ess for the t r ans port of 
mining and pr ospectin g suppli es when time was a prime con-
sider nt i on. I t weo.s obvi ous , ther efor e , tha t nothin g 
worthwhile coul d be accomplished without proper r oads giv­
i ng nccess t o the main deposits n nd t he orgc.ni sntion of 
strong gnngs fo r rond cons tructi on equipped with henvy 
mechanic c.l pl o.n t wc.s the f irst t a sk. 

Mu c h t i me we.s saved by arrnngi ng the nssembly of 
the necessary pl ant a nd mnnpower by anticipating appr oval 
from London f or pr oceedi ng wit h the ex plorntory pr ogr runme. 
By the time conf irmation was r ec eived on 11th July, 1944, 
prelimin ary surveys and estimat es hnd been c ompl e t ed and 
actual cons truct ion commenced e t Balcanoon a on the east ern 
fl ank of the Flinders Range on 18 t h July 1944. In 97 days 
the· road was c ompl e t ed t o the No.6 Workings and t he t r ans­
port of heavy su pplies ~nd min e machin ery :for ex plorat ory 
work commenced. 
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Even before the Mount I'ain t er ro e.d was built a 
st~rt had been mGde on the study of sci entific problems both 
in the laboratory and in the field. The first geological 
survey crunp at Mount Painter was established on 22nd June by 
th e use of camels, which continued to brin g in supplies until 
the road wns completed nnd thereafter s erved isola ted pros­
pectors and subsidiary geological cCTnps. 

FIG. 4. Camel train. 
Geologica l Camp. 

Mt. Paint er 
Jun e 1944. 

De t ailed Surv eys wer e made of the old workin gs , the more 
promising on es wer e sampl ed and r ec onna i ssanc e surveys were 
made in the search for n ew depos it s with the ideo. of defin':'" 
in g a precis e progrrunme of t es tin g b efor e the r oad was c om­
pl e t ed to ennble minin g oper a tions to proceed without d elay 
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when the right-of-way wns open . Geophysical surveys were 
1:1.l so made of a few deposits with Gei ger-Mull e r equipment 
whi ch is responsive t o ernnnations from uranium minerals • 

. To enable more ext ensive geological surveys and 
prospectin g to be conduct ed aeri al photogr ap hs wer e t 2ken 
over about 100 sqaur e mi l es. 

The first geological surv ey camp was dismantled 
when the rond r enched .Mount Paint er on Sept. 23rd 1944 .. 

lb_ BALCA.l.lf OON/~ AERODROME. 

Durin g the course of the aeri al surveys it became 
appo.r ent tha t the 2eroplane could provide a solution of the 
probl em of getting emergency supplies and key personne1 
quickly from Ad el a ide t o the mines . Furthermore it could 
brin g medic~l assi stnnc e to the field in two to three hours, 
a s ervic e Ylhich was essential for n co.mp of 70 men. isol ated 
and nearly 200 mi l es dist2nt ov er r ough trQcks f rom the 
ne2r est resident medi ca l officer. 

h ccordingly an nerodrome was built at Balc~noona, 
the nearest sui t abl e ar eG, 25 miles from Mount Painter a nd 
r egula r fli ght s wer e nrr~nged by the Royal Australian Air 
Force. 

5. MINING OPERi;.TIONS i .\T NO. 6 WORKINGS. 

The period durin g which road construction we.s pro­
ceeding, provided v2lu~ble opportun ity for the thoughtful 
pl anning of mining oper a tions, the o.ss embly of motor tr o.ns­
ports and equipment ~t Copl ey , the nenr est re~lway st a tion, 
and the securin g of ex peri e nced min ers, prosp ectors and . 
ski lled workers . 
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FI Q. 5 & 6. Inst allation nir compr ess or s end 
air lin e . No. 6 Workin gs. 
l\iioun t Pein t er. 

Wit h t he openin g of the roc.d on Sept ember 23rd, 
19449 the erec ti on of the camp a nd the prepar ntion of t he 
No •. 6 Workings wer e b egun o.nd by 31 s t Oc t ob er, 1944, t he pr e­
pnro.tor y work hnd progress ed suff ici ently t o permit t he 
comme ncement of un der gr ound d rivin g, s inkin g and di amond 
drill in g. The geol ogi cal conditi ons unc overed fr om day to 
day 12rgel y de t er min ed the course of this work. Howev er, 
by t he end of Dec emb er the result s of operations wer e r ather 
d i sappointing. As l ns t possibiliti es 9 fr om Januar y 1s t t o 
May 1945, di erno nd drilli ng in search of primar y mi ne r 2,l s in 
depth and drivin g for new or e- bodi es in the irons t one n ecr 
the surface were c ::-,r r i ed out vJi t l1 negc- tive results . 

6. SECOND GEOLOGI CAL C.h.MP. 

Whils t the search for addi tion~l ore a t No. 6 Work­
in gs was pr ogres s ing, n geo l ogi cal surv ey cernp was es t ab­
lished a t Eo.s t Painte r wher e , durin g earli er r ec onnaiss a nc e 
work, numer ou s surfe.c.e in di ca ti ons wer e f ound whi ch gav e 
promi se of cons i der ebl e ~moun ts of dissemin a t ed uranium min­
er 2l Ll . These occurrences we r e i mpor t ant enou gh t o warr an t 
t estin g and, as in the case of Mount Paint er, t o defi ne a 
progr rnnme of ope rati ans det 0.i l ed geologic al c.nd geophysical 
surveys wer e made ~ while e sec ond access r oEd was being 
built for the t r cnsport of minin g pl ~nt. The c amp wns 
s ervi ced by c rnnel s until the r oad was compl e t ed . From this 
c 01r1p n l so 9 geo lo gi cnl parti es mad e e regi one l map of t he 
u r.::i.ni um-bee.rin g belt of rocks 9 and they utili sed aeri al 
phot ogr2.phs f or the r ec ordin g of ob serva ti on s . At the 
seme time gr oun d control surv eys were mndc f or nccu r 2.t e map­
mnkin g a t a 12ter d~t e . Geophys i cal surveys nnd u limited 
nmount of prospec t i ng work were e.l so undert aken dur i ng this 
comp peri od. 
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7. K::.ST l 1AINTER RO~ill• 

As soon 2.s the Mount I'c'.int e r road was comple ted, 
v1ork commenc ed on the ro c.:,c1 to E<:cs t 2 .:-.int er and proved nn 
e gu nlly- a rduous t a sk. Althou gh the distanc e is only nbout 

. three mile s in a dir ect lin e from the No . 6 ·workings, approach 
from that dtrection was impossible. Acc ess oy road was only 
pre.cticable from t.he c;2ste rn side of the Flinders Rcmge alon g 
the East Paint e r Creek which in plnces is bounded by almost 
v ertical wnlls of solid rocli;: 400 to 500 f eet in hei g ht r.bove 
th e creek bed. 

FIG. 7. Ee.st ? o.int e r Road. Dec ember 1944. 

!h spite of the formidable ha zards this second 
road totalling ·14t miles including 4t miles through the 
gorge to East I'ainter comp and a furth er 2 miles up the 
gorge towards the i!Smiler Gre enwood 11 prospect, was com­
ple ted in 68 workin g days from Oc tober 1st, 1944 to Dec­
ember 19th, 1944. 

8-. MINING OPER!i.TIONS J,,T EAST PAINTER. 

By the time n minin g camp hnd b een est2blished 
c entrally to the s ev e r c.l East Po.int er prosp ects end plant 
had been transport ed, th e futility of the search at No.6 
Workings beco.rne obvious and inter est centred now on the 
Ee.st Painter a r e o. as b eing that from which some compen­
s a tion for the efforts exp e nd ed was most likely to be 
gained. 

When r.dvic e was r ec e ived from London on 22nd 
Februs. ry, 1945 9 .r e questin g the comple tion of the explor-



- 15 -

atory progr amme and the t ermination of operntions, sufficient 
work had b een done a t most prospects to enable the pot ential­
iti es of the deposits t o be assessed. 

FIG. 8 & 9. No . 5 Workin gs . East Pai nter. 



Th~ actual expenditure as at the 30th September~ 
1945, amour.i.ted to £62, 722a ·O. 6q 

It is not possible yet to state the preci~e figu~e 
as to the net co"st '.)f'. the project;. but it is 1.i.r:likc'.ly 'that tl1e 
amount involved will exceed £65, 006. · 

yrr. _ _§UMMiiRX_QE._RESULT§. 

The investigation showed fairly conclusi•ely that 
both the already known uranium deposits and those. newly dis­
covered were small and contained extremely "low grade" 
material, the uranium content of' which rarely exceeded 0.25% 
uranium trioxide 'Jr about 5 lbs. of' uranium per ton. This 
was then f'ixed as the lowest target to be aimed at AS a 
guide f'or the mining operations and with a view to subseq­
uent treatment. 

The total tonnaRe of' ore so f'ar available in the 
workings at the several known prospects does not exceed 500 
tons containing 0.33% uranium trioxide. i'm overall recov­
ery of' 60% beinp- assumed thts would yield on treatment 2,000· 
lbs. of' uranium. 

The results of' ore-dressing and leaching investig­
ati'Jns show that the "uranif'erous minerals" of the minimum 
grade ore f'ixed can be satisf'actorily concentrated by either 
mechanical or chemical processes f'or the production ~f' uran-· 
ium, either as uranous ·. '~~alate or f'luoride, both of' which 
can be re.adily trans:t'ormed into uranium trioxide or uranium 
metal, the f'orms in which, when purified, uranium has been 
used f'o~ atomic research and as raw material f'or the manu­
f'acture of' atomic bombs. These investi~ations were con­
ducted only on a laboratory scale, and althou£h being suf'f­
iciently inf'ormative to enable a treatment plant to be 
commissi ::med, had circumstance.s required it, it would be 
desirable to supplement them by f'urther research by means of' a 
pilot plant. In these investiFations the chemical research 
work was not carried beyond the star.-e involvine: the pro­
duction of uranous oxalate or f'luoride, the stage at which 
the benef'iciation of' the ore may be reparded as endinp,-and 
research on 'utilization as conveniently commencin~. 

The results of' peological and geophysical surveys 
generally indicate thAt the f'ield can only be regarded as 
a source of' relatively small amounts of' urantum f'rom "low 
f'rade"· and near-surf'ace secondary ore and f'rom secondary 
ore of' higher prade occurrinp in small pockets, similar to 
that already exploited in the No.6 Workings. Furthermore, 
it is the general consensus of' opinion that there is no 
Rreat probability of' finding primary uranium minerals at 
depth. The two most commonly-occurring uranium minerals 
are torbernite and autunite. 

Though the work on the No.6 deposit at Mount 
Painter had disappointinp results, the geological surveys 
led to the discovery of' new occurrences at East Painter 
and it is reasonable to expect f'urther discoveries of' a 
similar character f'rom a continua ti on of' sue h work. 

·The Geophysical Surveys were of' a f'ar more limited 
scope than the reolo~ical and did not lead to any new dis­
coveries. They were chief'ly experimental and much tiq:ie 
was devoted by the feophysicists to studies of' the app1ic-
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ation.or geophjrsical methods f'or assay purposes, but during 
the course of these studies much valuable inf'ormation, hav­
ine a bear-ing on the nature and age of' the llranium minerAls, 
was gained. 

The record of the scientif'ic knowledge acquired 
during the investigations and presented in this Bullc1tin 
will be f'ound to be incomplete on a number of' important as­
pects. In particular, the problem of the origin of' the 
deposits cannot be satisf'actorily solved bef'ore adequate 
underground exposures are flVDilable and f'urther experience 
is obtained. In the meantime one is obliged to make in-
telligent euesses in estimating the possibilities and it is 
on such a basis that the followinp conclusion is reAched 
in 8.Ilswer to the questi·-m which has been nsked by the 
United Kingdom authorities. 

To sum up, 

The Mount Painter area may be expected to yie~d 
over a period of' years from numerous small shallow deposits 
an annual prodllc-tion of' ore containing the equivnlent of' 
about one tr:m of' uranium trioxide, the question of' cost.be-
ine problematicaL · 

The- field o.f'.f'ers ecope only .f'or the activities of 
small workine: parties and prospect')rs. 



PART II: _CONRTRUCT!OJ'J AND MINING OPJ~RATIONS 

BY 

]t._B. JENSEN 

IJ\TSP~CTOR OF MINES AND ENGINEER-IN-CHARGE, 
DEPARTHE1'1T OF MII\lES ~ 

ADELAIDE. 

1. PLANS 

The following plans accompany this report:--

1. Map of' the locality showing roads constructed to the 
Mt. Painter camp and to the East Painter camp. Plan 
No. 31 70. Sheet No. 23. 

2. Plan showing surface layout Mt. Painter Camp. Plan 
No. 31 74. Sheet No. 24. 

3. Plan showing surface layout East Painter Camp~ Plan 
No. 3194. Sheet No. 25. 

4. Plan showing layout of Balcanoona Aerodrome. Plan 

6_. 

7_. 

8. 

9. 

No. 3208. Sheet No. 42. 

Plan of' cubicles specially designed f'or cam21 transport. 
Plan NC>. 3206.. She et No~ 26. 

Plan of Men's sleeping gua~ters aesigned for fabrication 
in sections for easy transport and erection. Plan 
No. 3?n 7 • Sheet No. 27. 

Plan ur sledge for hauling materials up the hill-side. 
Plan No. 3200. Sheet No. 28~ 

Diagram showing layout of' holes for drag cut in drivtng. 
Pl~n No. 3198. Sheet No. 29. 

Diagram showing layout of' holes for post hole cut in 
driving. Plan No. 3199~· Sheet No• 30. 

10 .• Plan showing location of' bore holes drilled for water 
at Mount Painter and East Painter. Plan No. 3209. 
Sheet No. 41. 
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2. ACCESS ROADS TO DEPOSITSo 

The loc a tion of the Eount Painter disctrict is shown on the 
map (Pla n Noi Sheet No. ) which accompani es this report. 
The whole of the locality of which Mount Paint er may be taken as the 
centre is extremely rough a nd access to the mining ar ea s presented an 
unusu ally difficult problem parti cularly in view of the fact that it 
was not only necessary to construct road approaches to the proposed 
ca mp sites but also to c omp l e t e all such work rapidly in order that 
something definit e might be known of the possibilities of the field 
by the end of the year 1944. The time f actor was considered to be 
of vital importa nce. 

The combined loc a l knowledge of the Director of Mines, and the 
owners of Mount Serle Sta tion and Arkaroola Sta tion suggeste d tha t 
the most suit able entry into the Mt. Pa inter and East Painter mining 
areas under all the g overning circumstance s would be by means of road 
approa ches constructed f r om th8 exi s tinG bush tra ck exte nding from the 
Cople y Railway St ati on to Bal cano ona and beyond Woolt a na. This 
track was in use for the weel{ ly ma il to outlying s tations and wa s in 
f a ir condition. It i s shown on the p l a n of the roads (Pla n No. 3170 
Sh0e t No. 27

). 

A pr _..:. minary r econn aiss a nce of this route was ma de in the f ir s t 
week of June 1944 by a party c onsisti n.g- of th e Director of Mine s , the 
writ er, the Assistant Governme nt Ge ologist, the ownt r of Mount Berle 
Sta tion a nd the owne r of Arkaroola St a tion. The party proceede d on 
foot up the rocky Ra di um Cr eek Gorge a nd examine d the local ity of the 
old aba ndone d mines in th e Mt. Paint er a r ea . The da t a coll ecte d 
during this visit made it possible to prepar·e pr elimina ry estima t e s 
of the cost of cons tructing a trac k sui tabl e for motor vehicles to 
c arr y in the pla nt a nd ma chine ry r eq uire d :for mining operations. 
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Fi g . 1 and 2 - Radium Creek Gorgc 9 before r oad 
construction, June, 1944. 

In order to obta in a check on the se e stimates another inspection 
was made between 18/6/45 and 23/6/45 by a party consist ing of the 
Di r ec t or of Mines , the writ er, an Engineer of t he Engineering and 
Wat e r Supply :Qepartment and his l ocal Inspector and also an Inspector 
1 oa ne d by tht: Highway ' s Cammi ss i oner. During the trip t he Hi ghways 
Commiss i oncT· ' s Inspector mentioned th at he had never see n a road con­
struct ed in rnntry as rough as that in th e gorge be t ween Echo Camp 
a nd the sL, of the proposed mini rlg c amp . 

The estimates prepa r ed by the Engineering a nd Wate r Supply 
Department substantially confirmed the prel imi nary fi gure s prepared 
in this office . 

Confirmation of instructions to proceed wi th the construction 
of the roa ds was r ece ived on 5/7/44. The first road gang moved out 
from Copl ey on 11/7/44 to fill in th~ runnels on the unmade bush track 
betwee n Bal canoona and Arkaroola a nd to remove the worst of the 
boulders a nd growth be t wten Arkaroola and Bor e Hole Camp. When thi s 
porti on had been made safe for very slow traffic, road-making machine ry 
of a heavy t ype was br ought in and a camp was es t ablished a t Bor e Hole 
camp on 1 7 /7 / 44. 

From this centre the heavy construction wor k was pushed very 
r ap idly to Echo Camp and thLn through the gorge up Radium Creek to the 
mines. The road head r eached the mines on 23/9/44, thus establishi ng 
r ecord speed of constructi on of 29 miles of road i n that country. 
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Fig .3 and 4 - Radium Creek Grrge , Mt. Painter Road in course of 
Construction, August, 1944. 

At the time the track t o Mount Painter was approaching com­
ple tion, instructi ons were r e ceived to pr oceed with the construction 
of a road to give a ccess to the East Pai nte r Field . As this fi e ld 
i s only 4 ~ ir miles di s t a nt f rom the Mount Pa inte r Field. a Lic-e nsed 
Survey or of the Lands and Survey Department, who was the n in the 
district, Ha s r eq ues t ed to oeek a route from Mt . Pa inter t o f,a st 
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Painte r o He r eport e d aga inst the proposa l on the ground of cost a nd 
time ~ A similar r eport was r e ce ived from the Inspector in charge 
of the road constructi on gangs. It was t herefor e decided to approach 
East Pa inter by cons tructing a tra ck from the ma il ros d north of 
Wooltona Station Gcross country tp the mouth of the gorge a nd up the 
g orge to the old comp sit e known BS Greenwood 's c8mp (See Pl on No. 
3170 Sheet No . 23)u 

Road rar>kin.z in this loc ality , (East Ps inter), commenced on 
1/10/44 o. nd ws. s completed by 19/1 2/41-+ with the exception of some 
ma int cnoncc surfacing of the rougher portions. The ro ad t o East 
PDint c r 19t m:~ les long wos compl e t ed in 68 working days. This in­
cluded 4~ mile s of road making in the extremely r ough country in the 
gorge lea ding to Gr ee nwood ' s Camp, the site chosen for and now known 
os the East PJinter Ca mp . 
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Fig. 5 - Entr3 nc e Eas t Painter Gorge . 

Fi g . 6 a nd 7 - East .Painter Gorge, Road to East Paint e r Campo 
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The :following ~chedule covers the main points o:f interest: 

Road to Mount Painter Camp cdmmenced 11 /7/44. 
Completed except :for maintenance 23/9/44. 
Road to East Painter commenced 1/10/44 •. 
Completed except f'or maintenance 19/12/44. 
Average number of' ~en employed, 37. · 

Plant e ffiE. l oy e d._o_n_R .... o_o_, d.-;_..;;.C_o_n'""'s_t_r"""\l,_c_t.._1.__o_.n. 

Bedf'ord utility truck ~- t qn. 
Chevrolet " 11 "! •i 

Bedf'o~d truck 30 cwt. 
U II 2 ~ OOS 

Dodge. truck (loaned) 3 tons 
60 H.P. Auto patrol grader 
R.D.A. Caterpillar tractor. 
D1·ciwn road gro.der 7000 lbs. 
Drawn road roller 4 tons. 
R.D. 6 Tractor Crane with bulldozer. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 Portable Broomwnde air compressor complete with jackhammers 

and steel. 
1 ~4' x 17' mess room and kitchen-tents as required. 

Construction of' road f'rom Balcanoona to Mt. Painter 
( 29 miles) £4,301 18 8 

Construction of' road f'rom the turn-of'f' near 
Wooltann to East PD inter (19t miles) 5,633 8 6 

Expenditure on maintenance sur:faci ng of' 
Mt. Painter road 850 0 0 

Expenditure on maintenonce surf'aci ng of' 
East P8inter road 20 0 -0 

Total expenditure on road making 1o,805 7 2 

Tliese costs include an amount of' £878 f'or special repairs 
to heavy equipment damaged owing to the unusually heavy m1ture of' the 
work in the Mount Painter and East Painter gorges. 

The estimeted cost of' constructing the road, :for traf'f'ic at 
15 miles per hour to Mount Painter together with subsidiary roads to 
the mine openings was £15,000. This did not include gn allowance f'or 
constructing a road to Last Painter the necessity for which developed_ 
later. 

from: 
The saving in the cost of' the work as carried out resulted 

(a) Omitting the subsidiary roads to the mine openings and 
substituting an air-hauled sledge to haul the mining plant 
and stores up the hill-side at No. 6 Workings at Mount 
~'·"'intero 

(b) ... ,1itting :for the timr.; being surfacing and regrading o:f 
the track for high speeds. 

The average saf'e speeds f'or loaded motor 
roads as constructed were: 

vehicles over the 

Between Balcanoona and Arkaroola average 
11 Arkaroola and Echo Camp t1 

t1 Echo Camp.and Mt. Painter Camp 
From Wooltana turn of'f' to mouth of' the 
East Painter Gorge 

Through the East Pai'nter Gorge 

12 
8 
6 

12 
6 

miles per hour. 
ti II " ti II II 

" II " II II " 
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3. AERODROME AT BALCANOONA. 

In the i~t ere~ts of quick access to the mines for inspection 
purposes a nd as a precautionary measure in case of serious accident 
or sickness, it was deemed a dvisable to make provision fur landing 
ae r oplane s of the Avro Anson or Oxford type at the nearest suitable 
p oint. The Ba lcanoona site was chose n by the Inspector of Civil 
Avi ati on Ae rodromes because of its location fairly centrally to the 
Mount P<:ii nt er and Eas t Pcii nter camps and it s proximity to the Bal­
canoona Station which is connecte d to the telephone circuit from 
Copley a nd the mining camps, 

Fig . 8 - Wooltana Shee p St a tion, near Balc a noo na , on Eastern 
edge of Flinders Range about 25 mile s fr om Mt. Pa inter, 

The Balcanoona l a nding ground is situa t e d about two mile s e ast 
of BAlcanoonA Sta ti on the l ocati on of ~hich is shown on the r oa d mop 
(Plan No. 3170 Sh ee t No. 23) a tta ched t o this r eport. The Flying 
Doctor a t Broke n Hill wns furnished with o ma p showing the sit e of 
the drome . Supplies of avia ti on spirit wer e lodge d CT t B2lcanoone. 
Sta tion for emergency use. 

One emer gency l a nding was ma de by a n officer of the R. A.A. F. 
flying fro11 ~roken Hill to Mt. Eba on 18/ 12/44e He wa s forced down 
be ca us e o:C' ·~ ngine trouble and remaine d a t Balcanoon a until relief 
r eached hi u. 

The flying time from Adela ide to the Balcanoona dr om(1 is 
only three hours including time l ost in r 2fu elling a t Port Pirie. 
A visit fr om Adel Ai de t o the Mount Pa int er Camp per ra ilw~y to Copley 
a nd the nc e per · ~ot 0r truck occupi ed three days to get there and three 
days to get back owing t o the slow r a ilway sche dule a nd the p oor 
c ondition of the l ocal r oads . As this involve d too much lost time 
practically all ins pection trips we r e made per aeropla ne a fter the 
l a nding g round h a d bee n c omple ted. 
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Fi g . 9 - Balcanoona .he r odrome 9 November, 1 94L~. 

The constructi on of the drome was commenced on 11/10/44 an d 
comple t ed on 7/ 11/44 a t a cos t of £321+/9/11. The first pla ne lande d 
in the first week of November 1944. Subs8quently a dditi onal ex-
penditure was inc urred in improving the g round markings t o give better 
visibility from the air 9 bringing the total cost to £459/12/9 includ­
ing t h <:: COf:t of a small shelter shed. The work involved cl earing 
a nd levcll i n•.· a nd preparing the s urface f or f our runways each 1200 
yds. l ong by 50 yds. wi de 9 with additiona l c l earing 67 yds. wide on 
each side of each runway (Plan No. 3208 Sheet No. 42). The runways 
wer e not surface d with sp ecial material and they a r e not suit ab l e for 
he avy traffic bu t they answered the purpose during the progress of the 
work a t Mt. Painter and East Pa inter. The landing g r ound was damaged 
by heavy r a ins in J a nuary and July 1945. The cost of r epairs was 
£7/ 17/2. 

The fli ghts to Balcan oona were serviced by the R. A.A.F. 
Trainees Sec tion established at Mallala, 40 miles north of Ade l a ide 
a nd the trips were regarded as tra ining flights f or pilots9 navi­
gators9 a nd radio oper a t ors. All fli ght s were arra nged with the 
approval of the Depa rtment of the Minister f or Air 9 Melbourne . 

4. TELEPHONE co~l1J11_U~~CATION. 

For the control of operations from the office of the Dire ctor 
of Mines , Ade l a ide a nd fr om the point of view of the safe ty of the 
mine workers, it was considered nece s sary to bring the isolated mining 
camps int o telephonic communication with the main tele phone system 
in th8 St at e . The only t el ephone line s in existe nc e eas t of Copl ey 
wer e privately owned single wire bush t elephone lines e recte d a nd 
owne d by the various sta ti ons in the district. This private sy st em 
exte nde d eas t from Copley to Mt. Berle whe r e it bifurcated9 one branch 
goi ng to Balcanoono a nd Mool awat a na a nd the othe r branch t o Umberat a na 
a nd Arkaroola (vide the r oad plant No. 3170 Sheet No. · 23). 

Pe rmi ss i on was c ourteously given by the s t a ti on owners to 
j oin on t o t hi s priva t e system a t the point wher e the track t o Mount 
Pa inter er r· ... es the bush t e l ephone line in. the Wywya na Creek. 
Arrangcm .. .:" n · we r e made t o carry a tele~hone line fr om that p oint to 
the Mount P .inter camp a distance of 72 miles. At a l a t e r dat e the 
t el ephone wa s extended across c ountry from the Mt. Painter c amp t o 
the Ea st Paint er camp e distance of about 4~ miles. 
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The bush telephone lin~s in the locality were in poor don­
di ti on at the -time of commencement of operations at Mount Painter. 
It was necessary to rehBbilitate the system to make communication 
possible. The Superintendent of Tel~phones of the Pcist Master 
General's Department was most helpful in making available his expert 
country telephone linesmen and in supplying telephones and equipment 
not obtainable elsewhere. The cost of the work carried out by the 
Post Master General's Department was £166/17/7 excluding telephones, 
but including the, provision of a separate line from the Copley Pbst 
Office to the Mines Depsrtment ¢lepot in the Copley Station yard, and 
the complete overhaul of' the private lines between Copley and .Mt.t 
Painter and betwesn Mt~ Serle arid Balcanooria. Telephones and 
accessories cost £47/3/7. 

The materials f'or the ex.tension of the line f'rom the Wywyana 
junction to Mt. Painter and East· Painter were obtained f'rom the Army 
at a cost of' £65/16/8. The cost of repairs etc. at the mine· end 
was £24/2/9. The total cost of establishing telephone communication 
to the .mining camps and maintainine it was, £310/5/-. 

At t 11 u request of' the Premier of' South Australia, the private 
owners reth".'_ly agreed to place their bush telephone lines at the 
disposal of' the project. · rt was necessary to establish a swi tchi.ng 
point at Mount Serle station and the courtesy and assistance received 
from Mr. and Mrs. Greenwood at that station are gratefully 
acknowledged. 

5. WATER SUPPLIES.· 

a. Water Supply at Mt. Painter Camp. 

The supply of' water for the camps and for mining operations was 
one of the problems demanding attention at the outset of the project. 

J~ bout 30 years ago a well (sh own on Plan No. 31 74 Sheet No. 24) 
was sunk at the site of the Mount Paint er· Camp. _ The supply :from 
this source was sma 11. Fort'unately it sufficed~ for the purposes of' 
the preliminary geological camp, but _proved inadequate for the re­
quirements of the construction gang. Moreover as the water level 
in this well got low, sickness developed in the camp and the drawing 
of' water from the well. was disco nti nu ed. 

An analysis of the w~ter in the well showed the total saline 
contents tb be 80.19 grains per gallon and the total hardness 44.15 
English degrees. Full details of the compooition of this water are 
given in Table 

The search for water was regarded as urgent and before the 
road was properly completed, the first plant transported to Mt. 
Painter was water-boring equipment. The No. 1 bore,hole, bored 
with a percussion plant was located 15 chains downstream from the No. 
6 workings , I; the junction of' Mount Gee and Radium Creek. Bor~ng 
commenced U!.l 15/9/44. The hole proved disappointing and was dis­
continued on 2/11/44 at a depth of' 122 feet. Plan No. 3209 Sheet 
No. 41 shows t.he location of the boreholes at Mt. Painter and also 
at East Painter. 

To spood up the 'search for water a second percussion boring 
plant was forwarded to the district and commenced boring No. 2 hole 
on 30/10/44. This hole was located 'at the junction·of Mt. Painter 
Creek and Radium Creek about 60 chains below No. 6 workings. No 
water was met with and as the indicati9ns were not promising, the 
hole was discontinued at 81 feet on 11 /11 /44. 

While No. 2 hole was being bored the first percussion plant 
was shifted upstream to the site of No. 3 hole which was located in the 
camp area 400 feet downstream from the mess house. Boring commenced 
on 6/11 /44 and the r~sul t was promising~ Water was struck at 34 
feet. The hole was taken to 80 :feet and discontinued on 21/11/44. 



This bore Vl!as ·cased w~ th 7.' · o:f.' 6 11• casing., and 52; 6 11 . of' 51! 9asing. 
To obviate engine pumi:>i ng~ a windmill 8' dia.· by 20' high was erected 
wit~ the deli ve~y conn~cted. t·o a nes_t of f'our 400 ga.llon tanks with 
a 12" re ti culat1 on to the mess kitchen, showe.r room and s-tand pipe. 

'For about four 111onths this bore provided suf'f'icient water for 
the camp requirements (excluding mining requirements) i.e. a maximum 
of' about 400 gallons per day of 24 hours. The supply gradually 
fell of'f' until in June 1945 ·the bore was barely· able to provide 200 
gallons per day of' 24 hour~. 

An analysis of' this water f'rom a sample collected .on 19/11/44 
showed the total salinity to be 77.58 grains per gallon and the total 

'hardness to be 38.91 Engli~h degrees. Details are given in Table 1. 

To provide f'or the requirements of the rock drills and the 
under-ground diamond drill and also the miners' change house (a total 
of about 60:~ gallons per day when all the f'aces were working) bore 
hole No. 4 . ·is commenced on 15/11 /44 at a point near· the' engine house. 
This bore ~ncountered a hard bar at 15 f'eet~ rt was discontinued 
and the plant shifted f'urther upstream to a n~w lobation 180 feet 
from the engine house where a hole known as Noo 4A was commenced on 
20/11 /4L~. Water was f'ound at 40 f'eet. The bore was completed at 
102 f'eet on 30/11 /44.. A sma~l engine and pump were erected on the \t 
bore and water pumped as required to the nest of' two 400 gallon tanks 
which acted as the sump f'or the mine high pressure pump in the engine 
house. 

On 3/12/44 all water-boring operations ceased at Mount Painter. 

b. Water Supply at East Painter Camp. 

At East Painter camp the old well was dry and no water was 
available at the time of' the establishment of the preliminary geo~ 
logical camp.in August 1944. All water required at the camp had to 
be carried ih by camels from the Trig bore, about 9 miles away. .This 
arrangement continued until the road reached the camp on 19/12/44• 
After that date water was carted per motor lorry from the Trig bore 
until that supply became unusable in December j944~ Water was then 
carted f'rom wooltana station a distance of' about 22 miles f'rom the 
camp until the f'irst week in February 1945 when water became available 
in No. 2 bore near the mouth of' the gorge and distant about 4 miles 
from the camp. · 

The f'irst bore, East Painter No. 1, was located about 800 
f'eet upstream f'rom the East Painter camp site. It was commenced ·on 
30/11/44 and discontinued on 12/12/44 at a depth of'. 98'. No water was 
met with. 

The: .:ext bore, East Painter No. 2, was located near the mouth 
of' the gorge. It was commenced on 6/12/44 and discontinued on 
2/2/45 at a depth of' 171 f'eet. Water was struck at 120 f'eet. The 
water was of good quality f'or that locality and the bore supplied 
the camp until the cessation of' operationo 

An analysis of' the water f'rom East Painter.No. 2 bore hole 
gave a total salinity of 46.82 grains per gallon and a total hardness 
of' 23. 68 English degrees.. Details are given in. Table 1. 

rt is not likely that a large supp±y of water.would be avail-
able from this No. 2 bore hole. In the light of the experience 
gained at Mt. Painter the chances are that the undergrqund supplies 
are limited and it would be unsound to rely on a continued draw of 
more than 200 or 300,,gallons per day over a f'ew months. 

During the sinking or No. 2 bore hole at the mouth of the 
gorge it was decided to locate No. 3 hole about 100 yards downstream 

.. / 
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f'rom the East ~einte.r camp. This bore was commenced on 18/12/44 
and was dL:continued at a depth of' 160 f'.eet on 19/2/45. No water 
was met wi+ · 

To make these notes complete it is recorded ·that an attemp~ 
was made to use wnter from the Buxton Bore which is ·situated about 3i 
ini les eas"t of the Lady Buxton Mine and 7i miles f'rom the East Painter 
Camp. 

It was f'ound that this water had rather an off'ensive odou~. 
and a disagreeable taste. It was only -used for mining and slushing 
purposes. An analysis of the Buxton Bore water gave a total salinity 
of' 183.33 grains per gallon and a total hardness of' 38.90 English 
degr~es. Details are given in Table 1. 

c. Costs of' Water Supplies. The following data and costs in connection 
-:With water supply at Mount Pain.ter and East Painter are recorded. 
(i) Cost of' Bore Holes 

holes. 
The attached schedule, No. 1, gives the cost of' all bore 

(ii) Cost of' Carting Water 

Until bore holes Nos. 3 and 4A at Mt. Painter came into 
production it was necessary to cart a good deal of' water f'or mining 
and mess purposes. The cost of' this carting was as f'ollows:-

COST OF CARTING WATER ·PER MOTOR LORRY AT MOUNT PAI1\1TER 

From Distance Gallons Total cost per 
f'rom Mt. Carted cost 1000 galls. 
Painter including 9d. 

per mile motor 
lorry costse 

Borehole Camp 6 miles 17, 000 £42 13 7 £2 10 2 
i\rkaroola Station 12 " 1'500 5 13 6 3 15 8 
Wool tans Station 28 " 5,000 34 6 5 6 17 3 

At East Painter, until water was located in Bore Hole No. 2, 
all water used was carted either by camels or by motor lorry. The 
costs were:-

COST OF CARTING W./\TER PER MOTOR LORRY AT EAST PAINTER. 

From 

Trig Bore 
Buxton Bore 
Wooltana 

Distance 
f'rom East 
Painter 

9 miles 
8 " 22 " 

Gallons Total 
Carted Cost 

7~000 £27 10 
2,000 6 1 

15, 000 76 11 

COST OF CARTING VVJ\TER PER Cf',MELS AT E1\ST PfiINTER 

From 

Trig Bore 
Road Camp 
From Camp to Similar 

Lease 

Distance 
From East 

. Painter·· 

9 miles 
4t II 

2i. " 2 

Gallons Total 
Carted Cost 

2,500 £56 3 
9QO 15 10 

250 4 3 

Cost per 
1000 galls. 
including 9d. 
per mile motor 
lorr~ costs. 

9 £4 2 3 
10 3 0 1 1 

8 5 2 p .. 
12 

Cost per 100 
galls. includ-
ing hire of' camels 

0 £2 4 11 
0 1 4 5 

4 1 13 4 

Note the hire cost of camels was 30/- per day for a string of 6 
camels. The ·camels were hired f'rom the owner of' Arkaroo~a Station. 
They were handled by a camel driver veleased f'rom the Navy on behalf' 
of' the Project:-



No. 
Hole 

of 

..• 

Commenced I completed 

I ·------
24;9;44. I 2/11./44 

27/10/44 11 /11/44 

i 3/11/44 26/11 /44 

I 12/11/44 16/11/44 

17/1,1 /44 2/12/44 

Depth 
in 

feet 

122 
I 

85 I 

80 

15 
102 

struck 
Water 

at 
Feet 

SCHEDULE _l!.Q,.__i 

f3CHEDULE . OF "l30RE JfOLJ?.§. 

MQ..ID.IT PAINTER. 

__,.. 

Labour Camp 
Allowa 

£ s .. d £ Se 

Dry 100 10 10 20 17 

Dry 40 2 3 I 10 18 

34 55 4 4114 0 

-IT2~ 1;:;~ ~i .~-1~11 ~·; ;· g 11· 16~ 1~e ~ I 27/8. 

6 
1
1· 8 1 9 1 I 7 1 3 11 8 11 0 I 76 4 9 1 7 /11 

0 · 
1 

16 7 9 7 4 10 8 0 0 1100 16 11 25/2 
Dry 10 1 3 2 11 

60 _-2.~Jl._2 ___ 1_~_ .. _-2. ~ ... :.·~· j __ 1_~ ___ :_1_c_;_~J~ 
1

~ ~ I ~: :: _ _;_L ~;~: __ _ 
~AST PAINTER 

1 27/11/44 12/12/44 98 Dry I 32 15 

2 3/12/44 7/2/45 171 I 120 I 86 3 

2 T; 1 5 1-~1-10 10 8 17 519 ~-1 10 14/3 

9 25 1 5 ., 28 2 .3 15 9 7 11 7 3 0 j 112 0 0 20/1 

__ 3~--~-1-3/_1_2_/_44~_2_8_/_2/_4_5 ___ ..J.....~1~_n,_rY~...._11_5~5- 7 . 32 15_9_J_ 36 1 2 3.___.__1_4 ___ 9_s_.._l1_6_1_o_~i_21_5_4 __ 3--J.._21_/_-___ _ 

Casing left in Bore Holes. 

Mt. Painter Hole No. 3 52' 6" ~ f 5 11 casing 
lf ff II II 4A '')I 2" of 5 11 II 

East II 11 11 2 I J' 6" of 6 11 " 
Mt. II " If 3 7' Q II of 611 II 
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(iii) Cost of' Pumping Water at Mount pa inter Camp. 

On the completion of' No. 3 bore near the mess house at Mt. 
Painter, the hole-was equipped with a wind-mill and nest of' storage 
tanks with a capacity of' 1600 gallons. /111 the water required f'or 
camp and shower room gravitated through a reticulation to the points 
wheris it was needed. · 1 ~\ total of' about 60,000 gallons was pumped by 
the wind-mill. No running costs were incurred othe~ than about 
£5 f'or repairs to the wind-mill damaged by storms. 

On the completion of' No •. Lt.ti bore near the engine house it was 
f'i tted with n 3" bore hole pump operated by a 3 H.P. Ruston Hornsby 
petrol engine. All water f'~~ mining operations and- f'or the miner's 
change hou~, was then obtained from this bore. The maximum draw on 
this boreh ·~ was about 600 gallons per day for about one month. 
Thereaf'tdl requirements were less and the draw on the bore was 
reduced gradually to 250 gallons per day toward the close of' 
operationso 

J,11 the water required for the underground rock d:cills and f'or 
the underground diamond drill was lifted f'rom the sump in the engine 
house t® tanks near the top of' the hill at No. 6 workings by meahs of' 
an J, jax 3" hir.;h pressure bulldozer pump on one bed plate with a 3 H.P. 
Norwood Bagshaw o.c.v. petrol engine. The rock drills required about 
200 gallons of' water per shif't. The supply to the diamond drill 
VBried according to the nature of' the. ground penetrated9 the maximum 
requirement was l+OO gallons per shlf't. The c cist of' this pumping was 
2/6 per thousand gallons. 

d. Additional Sources of' Water 

J\ny f'uture mining and milli,ng operations in the area covered 
by this report will be f'aced with a water problem, as the underground 
supplies lfucated to d~t~ are inadequate for mining and milling. 

About three miles downstream from Echo camp there is a 
permanent water hole in the /,rkaroola cFeek which when visited by the 
writer in a dry period in November, 1944, had a supply estimated at 
half' a million gallons. The high·water marks indicate that when f'ull 
this water hole would have _a capacity of' about 2 million gallons., 

~nother locality where water mig~t be obtained in some quantity 
is at Paralana Hot Springs. The Director of' Mines visited this area 
with the 'l!v~i t er in December, 1 944. 

l'i : ,nalysis of' the water f'rom Psralana Hot Springs made by 
the s.J,. E:chool of' Mines on September 3rd, 19139 is given in Table 1. 
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P\Jtnssin"1 C:t lor·ide 5.61 sodill .. "ll Silicate 7o32 
~.lnmini·11 ;;n icate 0.,07 

(2) Paru:t 111a. TI<>t Gprin5 - '1' tal solids in solution:- (allditioual) , 
)i.lic:lc .'\cid, !l~·<'ti<?e (Si03) l, .• 61 Potasl'3ill.""1 {K) 2. 94 !1 on 

{3) ·1ei:-teloona ;r •. 'L ··:el.l ~ ! '.f!swned Gomposit.ion of salts:- (Additioml) 

D) (1) l 'J"6'~ 27012 9.55 19.28 
l!.086 11.,62 . 22,, ':);/ 

29,94 14"39 :L .• 55 
3-61 J.,0;,~ 

2. )} 
15.61 :J,, }:~ 

66.26 32.67 32. 91_. ;,>}, 9'..' 
Present Trace ' "~:'i.1 

~L__ 

---· 
56.01 15. 33 48.21 38.]2 
27.12 15.33 33 .. 07 )6.84 
2a.a9 - 15.1!+ 1.28 
27.32 9 •. :--5 19.28 9. 6i1 
28.69 5.78 28~93 l 213,, lj(·: 

-· -+--

(Fe) (Jess than OuOl) Aluminium (;.1) 
0~02 

calcl11m sulphate • 27" 
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6.. ELECTRIC LIGHTING. 

. In order to light up the mine f'or af'ternoon shif't work and 
to provide'illumination f'or the men's recreation room and f'or each 
cubicle, B small electric lighting unit was installed in the en;:i:ine 
house with leads to the mine and to. the various buildings. The' 
Department ,-,-f' Supply and Shipping in Melbourne supplied to. the job a 
5 Jrtn 3-pli. 415/240 V.I\. C. petrol driven air cooled generator set. 

Owing to war conditions dif'f'iculty was experienced in obtaining 
a suitoble electrician to install the wiring. The South AUstrali~n 
Railways were able to make available an experienced electrical 
mechanic who handled the job rapidly and ef'f'iciently. 

The generator set was e~ected in the eng~ne house and leads' 
were tqlen f'rom there up the hill-side to the magazine at the 185 f'to 
level and to the necessary points at the 100 f't., 50 f't., and 25 f't., 
levels and also along the road to the camp and to the various 
buildings in the camp. · 

The number of' points at'which lights were installed was 63. 
The total cost excluding the prime cost o:f the generator set 
(value £300) was £501/376. The chief' items being cables and wire 
£269/14/10. Lamps £9/13/9, poles £46/3/11j labour erecting and 
wiring £125/1/11. On the completion of' the wiring the electrical 
mechanic was not fu~ther required. The running costs were then 
1 3/8 per day. 

The provision of' a good light· in each cubicle did much to 
improve living conditions at the camp. It was f'ound that the men 
m8.de comparatively little use of the recreation portion of the lari:;e 
mess room in the evenings. They preterred to foregather in small 
groups in their own cubicles. · 

7. Sl1NIT1~TION ,~ND HYG~ .. 

I>":ry ef'f'ort was made f'rom the conm1encement of' operations 
to protec the health of the men. A caref'ully designed six-hole 
fly proof latrine was erected at a cost of £41/12/7. This 
received attention daily from an employee deputed to wash the seat 
with h'Jt soapy water a.nd to use suitable disinfecting solutionsc 

To minimise the fly nuisance the mess room and eYery cubicle 
in the sleeping quarters ~as supplie: with a sprayer and anti-fly 
comppund. ··All meat was placed in the refrigerator as soon as 
received at the mine, and cut up as r~quired by the cook in a special 
meat room protected on four sides with fly wire. J.,11 refuse from 
the mess room was incinerated in a constantly burning home made 
incinerator. 

In the early stages of' the project all the water required f'or 
the small camp was obtained f'rom the old well near the mess room. 
With the advent of' the construction gang the well was unable tc: cop·e 

·with the draw •. _ Sickness developed rapidly in the camp and 
practically every member was af'fected. 

In order to .carry on, it was necessar~ to abandon the well f'or 
the time being and to seek another source of saf'e water until the 
boring operations located f'resh supplies nearer the camp. 

The health of the men responded immediately to the new 
water and f'rom that tiine onward there was no recurrence of sickness 
of the nature of' diarrhoea or dysentery.. Actine on the advice of 
Dr. Ponsf'ords Commonweal th Medicol Of'f'icer in /,delaide, all drinking 
and cooking water was chlorinated and a good stock of medical 
requisites recommended by him was established at the camp. First 
aid kits were provided and these met the needs of those minor 
accidentr· · .. hich always occur on construction work or in mining 
opera ti o. · • There were no serious accidents thr~)ughout the job. 
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The· cost of' sanitation and chlorination was £65/2/3 :f'or 
labqur and £22/7/8 f'or· materials. The cost of' medical attention -
was £8/6/11' for 'labour and £37/15/10 f'or medical supplies.including 
first aid kits. · 

a. Introduction. 

MT. P,HNTER CJ.MP 

8. CONSTRUCTION 

The construction peri-od which covered the carting in of' all 
equipment and the erection of mine buildings, plant and machinery 
commenced immediat.ely upon the completion of' the road to the Mount 
Painter camp on 23/9/44 and was completed to the point of' the 
erection of all major buildings, stores, haulage--way and machinery 
and the installation of' air and Water mains to working faces by 
23/10/44. 

This was a period of.' great activity• The men worked long 
hours including Saturdays, Sundays and holidays as it was regarded as 
vital to commence developmental operations at the earliest possible 
moment. · 

The chief items of' interest were as set out below. 

b.. Carting. 

B;-,- - the time the road head reached the Mount Painter camp a 
considerabJ\: bulk of' stores, plant and equipment had accumulated at 
the Copley depot awaiting transport to the f'ield. l>rrangements had 
been made in advance to handle this material. Every motor truck 
available was pressed into service and a contract was also let to 
H. E. Ding of'. Unta.. The contractor's drivers and the Mount Pa inter 
drivers worked long hours and it is gratifying to record that the 
construction gang was not held up for materials. 

The carting f'rom Copley to the Mount Painter camp totalled 
318 tons of.' which the Mount Painter motor lorries handled 260 tohs 
for £1208/4/4 at a cost of' 11/8 pence per ton mile. The contractor 
carted 58 tons 11 cwt. f'or £251/15/4 at a cost of''10.98 pence per 
ton mile. 

The road surf'ace was rough and the ruling grades were severe. 
/is time went on the traf'f'ic over the roads together with the constant 
attention of a maintenance gang improvec the running surface somewhat. 
The worst grade which occurred near Arkaroola was by-passed eventually 
by means of' a deviation along the creek bed. 

The contractor's price f'or carting w1as less than the Depart­
mental cost~ · At a later date the contractor was again invited to 
quote. He then advised that he could not undertake the work at less 
than 1/3 per ton mile as he was out or pocket on the previous 
contract. 

Carting to the East Painter camp involved rather easier 
conditions ln that there was not quite the same rush to. get the 
road throurrh, and the construction gang had profited' by their 
experience in the Radium Creek gorge. The result f'inall~ wfrs a 
better grar·:_ =t track with a somewhat better surface. 

It1 the early stages of the East Painter activities a 
preliminary track via the old Lady Buxton Mine was adopted. The 
track was very rough and numerous breaka£res resulted. ~»s soon as the 
road head reached the East Painter camp a deviation was constructed 
on very easy grades f'rom th~ mouth of' the East Painter gorge east 
to the Wooltana-Moolawatana:Road. The result was reflected in the 
carting crests. 

... 
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.The f'igures are:-

.Carting Copley to East Painte~ via Balcanoona and Wooltana 
45 tons f'or £173/15/4 a~ a cost of' 11.18 d. per ton per mile. 
Carting out of' Bast Painter to Copley on the completion of the 
job, 25 tons f'or £40/13/1 at a cost df' 6.48d. per ton per mile • 

c. construction Schedule. 

, 1Jl/hile the road was being bu~lt to the site of' the propdsed 
mining operations, all plant, equipmeht and stores were under order 
and were steadily coming forward chiefly from Alice Springs, Adelaide 
and Melbourne. 

The opportunity was also taken during this period to decide 
oh the general layout of' the works, and to design details of' buildings 
and equipment. A construction schedule based on a tirrte factor was 
caref'ullydrawn up covering every iterri of' construction a,t the f'ield. 
This. schedule set out the order cf erection, the date 1 terns. should be 
iti transit - the date they should'.arrive at the mine and the date on 
wh~ch installation should be complete. An outline of' this schedule, 
inc1uded in the sixth progress report~ is as f'ollows:-

..§£_1_'.:' .. '.!tile of' Preli mi nary Construction Work (8~25, 1944) 

Th.: schedule of' preliminary construction is as f'ol1ows. 
This is to the point at which mining operations should start:-

TIME C01'i"'TROL 

• 
Temporary 
stores (2) 
Men's 
Quarters 
1~ngine 
.. ·,use 

,, .. 1p and 

2f3.9~44 

by lorry 

·:'!.Jines 24. ~. 44 

.ighting 
3et and 
Wiring 
Poles etc. 28 .• 9 .• 44 

Pipe 
Lines (Air)22.9.LJJ1. 

fltpe 
Lines 
(Water) 

Semi­
permanent 
stores 

Magazine 

22. 9.~ 44 

At 
Mine 

2J.9.4l+ 

Ready 
f'or 

Operating 

26.9.44 

3.10.44 10.10.44 

6. 1 o. 44 16.1 o. 44 

7.10.44 16.10.44 

30 •. 9. 44 1o.1 o. 44 

2. 1 o. 44 16·. 1 o. 44 

2. 1 o. 44 1 2.1 Q;. 44 

2. 1 Q. 44 1 2,. 1 0"' LtLt 

about 
16.1o.44 

7._.,1 o •. 44 12_ •. 1o •. 4L~ 

Remarks 

-·--------------
This is the first line of' constructio 

Refers to the f'irst group of quarter~ 

Floor and some of' the walling will 
be completed later. 

Large receiver may have to· f'ollow 
but P,lant can work·4ihth small 
receivers to start with. 

Engines on way rrom W. Australia 
Pumps " 11 

" Victoria 

Electrical Mechanic leaves Adelaide 
on 28.9.44 taking equipment with him~ 
Lighting set from Victoria. 

Now on rails f'rom Alic·e Springs. 

No diff'iculty in couplJ.ng thesi;; up 
as soon. as first bore· strikes 
water. 

When preliminary construction is 
out of' the way. 

Standard cubicle set. Wood f'loor -
masoni te lined - improved later. 
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S•s f'or 
Carpenters 
Smiths & 
Sampling 
Change 
House 

So.mpling 
Plant 
Crusher 
etc. 

staf'f 
House 

Mine 

~~-~---------,.----~--~----~ In At 
transit Mine· 

Ready 
f'or 

Operating . 

3.1o.44 1o .. 1o.44 16_.1o.44 

Off'ice 28.9.44 3.10.44 10.10.44 

Water 
Supply 
other 
thnn by 
carting 

Rock Drills 
Hoses 
Ac~ssories 22.9.44 

Rock Drills 
Air and 
water mixing 
tanks 

Mine 
Preparation 

1.10.44 16.10.44 

12.1o.44 

Remarks 

Being made of standard cubicle sets 
by firms in Adelaide. 

Af'ter 16.10.44 

As soon as possiiJle af'ter 16.10.44 
(Now coming in from Hatches Creek) 

Floor and windows later 

Depends ·on result of boring 
(first bore down 20 ft. on 23,9 
(second bore being started 30.~. 1

-

Being sent to Adelaide for overh~ 
and t e st i ng. 

Being specially made in Melbourne. 

Chute to make at 100' Level 
Plate laying and levelling 
Portal sets of local gum. 

Every item on the schedule was completed to time with the 
exception of the item of preparation of mine faces which was a f'ew days 
behind schedule. 

At the time this work was put in hand, no ck:Llled men were 
available on the labour market. However, with the ao~:istance and 
the good will of' several Government Department, it was pos.sible to 
obtain ror the short rush construction period all the labourers, 
carpenters, pipe ~itters~ mechanics and electricians required. This 
assistance came chierly from the Army, the Railways, the Engineering 
and Water supply Department, the Munition Factory at Finsbury and 
the Munition Factory at Salisbury. A very good crew was got together 
and they worked with remarkable enthusiasm for long hours and over 
Saturdays and Sundays and holidays. 

A description of' the chief' items of' interest rollows. 

(i) Engine House and Machinery 

The principal items of' machinery were housed in a portable 
all-steel engine shed 44' x 24' which was obtained from Alice Spr~~?s• 
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The steel stanchions were erect ed on concrete blocks and firmly 
anchored. 

... . .. 

Fig. 10 - Mt. Painter Engine House in course of construction, 
November 9 1 944. 

The compressors, pump and generat or were solidy bedded on conorete 
foundations . 

The costs of erect ing the steel shed and th e machinery 
therein were - La bour £190/9/4 - Materia ls other than the building 
£22/2/10. 

The pl ant, most of which was loa ned t o the ' •j , housed in the 
engine shed, co nsiste d of t he following items, the c e:1J :. t al values of 
which were as stated:-

Portable all steel building 44' x 24' £298 8 6 

2 C.P. Ai r Compressors each 170 c. ft. capacity 2700 0 0 

Macso n high pressure wa t er pump 3 " - capabl e 
of li~ing 200 ft. 118 0 0 

El ect ric Generator set 5 KVA, 3 ph., 415/24ov 
' alt ernat or drive n by 8 hop. Howard engine 300 0 0 

Work bench and vic es a nd sundries 15 0 0 

The a i r r eceiver 22 1 x 3' 6 11 complete with valves had a 
capital value of £146/8/7. This was erected out s ide the e ngine 
house and was coupled up with both air compressors in such a manner 
t ha t when both compressors were working each compressor t ook its fair 
share of the load. Aft er some initia l difficulties this arra ngement 
worked sat i sfactorily. It was a ma tter of substituting one unl oader 
in lieu of the individual unloaders on each machine. 

There was co nsi derabl e ve.ri ati on in the 1 oad on the com- ' 
pressors depending on the intermittent operations of the various 
machines on the lines, these comprised: -

Air turbine pump to lift wat er to the top of the hill from the 
sump at the 100' level. 

Air hoist on haulage way. 
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Air.~oists on the. winzes. 

Jack hamme~s .on the .mi_ne f'aces • 

.Air operated diamond drill .. 

Air d~~ven ventilating fans~ 

-· __ , .. ....., ___ _ 

As the diamond drill alone require up to 150 cubic feet per 
minute, there were times when the f'ull capacity of' the compressors 
was insuf'ficient for the load-and it was necessary to stagger the 
periods of the various operations in order to carry on. 

(ii) Haulage Way; 

The original intention to construct a road approach from 
the camp site to the mine portals was altered at short notice. 
This involved a hasty improvisation of an alternative method of 
getting the mine plant and equipment from the val·ley level up the 
hill-side to the mine workings. Air lines were carried up the hill 
and an air hoist was established there. The steep hill-side was 
«leared of boulders and a sledge was constructed which was h.'uled up 
with the necessary loads. The sl·edge was guided down with a t .·.11 
rope. The cost of labour in preparing haulage way was £34/17/2. 
The capital value of plant including air hoist, ropes and bull wheel 
was £87/13/-. · · 

On the f'inal design, (see Plan No. 3200 ShG . No. 28), the 
sledge worked satisf'actorily. The cost of' the sledge: was £8/2/7, 
of' which labour cost £3/9/10 and materials £4/12/9. The chi.ef · 
objections to the use of the sledge were slowness of' operation and 
high consumption of air. · 

(iii) Air and Water Lines to Mine Faces 

One o:r· the f'i rst i terns of construction at the mine end was t''. 
laying of afr and water mains f'rom the engine house to the mine face: 

.. The cost of' laying the water lines was £205/11/10 of' which 

.·~35/16/10 was for labour and £169/15/- f'or pipes, pipe fittings and 
valves. -.: 

' The cost of -1aying the air lines was £270/18/6 o:f' which 
£8.2/1~7/3 was for labour and £188/1/3 for pipes, pipe fittings and 
valves. 

The variations in the mining programme which depended upon 
the availability of' geological data necessitated considerab,le 
alt-rations to air and water lines as faces were closed down· and 
others opened or re-opened. The cost of this dismantling and 
re-erecting, including relaying portion of' the air line with larger 
pipes was £315/4/- of which labour cost £239/16/3 and materials 
£75/7/9. 

(iv) Building_§ 

It was considere~ essential to have lock-up stores f'or the 
saf'e keeping of tools and equipment a~ead of' the conn·ruction gang. 
This necessitated designing a particularly portable .. ype of structure 
arranged in section which could be carried in on camel back. The 
limiting factors in the design were:- no length should exceed 6 f'eet 
and no width should be greater than 3 f'eet.. The galvanised iron 
gable-ended cubicle d"esigned to meet these conditions proved very 
suitable. Plan No. 3206 Sheet No. 26 sets out the details of the . 
camel cubicle. These structures cost £43/6/6 each on trucks Adela1dc 



- 21 -

Through the cour·tesy of the Eng ineering and Wa t e r Supply 
Department, a rra ngements were made for the hire of a l a rge mess 
hall 50 ' x 20 ', with a kitchen 16' x 20 1 at t ached, complete with 
portable t abl es and forms. At one period 75 persons sat down to 
meals in this mess hall. This structure was loaded on t rucks at 
Robertstown , tra nsported to Copley per r ail, thence pe r contract 
carti ng t o the mine, where it was re-erec ted by the construction 
gang a t a cost of £78/4/4 excluding the kitcheno 

To cope with the l ar ge number of men a t one time empl oyed 
on the mine it was necessa ry to make some a lterations ahd addi ti ons 
t o t he kitchen end of the s tructure and to provi de l arger stoves. 
This work, includi ng the e r e ction of the kitchen, cost £83/7/9. 

Fig. 11 - Dining Room and Kitchen, Refrigerator House , and 
Fly- proof Meat Room, Mt . Painter. 

The climati c conditions a t the mine were sever e and it was 
impossible to handl e meat for the constantly varying requi r ements of 
the mess without refriger a tion. Arrangements were made to obta i n 
a second hand Coldstream r e fri ger at or , capacit y 150 cubic feet, from 
the Director of Hines, Alice Spri ngs. This structur was overhaul ed 
by Allied Works Council a t All ee Springs at a cost r ~150 and forwarde d 
to the job. It wa s damaged in trans it, but was r ep< ·e d and r e- er ec t ed 
in c l ose proximity to the mess room. The cost of er~ c ting t he 
refrigerator and a fly proof room for cutting up mea t a nd a lso 
est ablishing a home-made incinerator was £3671 4/1 1. 

The Mount Painter Camp enj oyed t he reputation of be ing 
one of the be st bush c amps established in south Austra li a. This 
WEI S due chiefly to the care t a ken in the matter of refrigeration , 
sa nitation and su ppl ying qualified cooks. No complaints were made 
by the workmen ' s committe , whi ch constitutes a record in the 
wri t er's experience. 

It must be borne in mi nd t hat the Mou nt Pai nter camp was i n 
an out of t h e way place, too far r emoved from the nearest bush 
township for the me n to seek relaxation and amusement away from 
the camp. Through out the job, the personnel remained on the mine 
wi th the exception of occasional sb -rt trips to the neare st water 
hole for bathing. 
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(v) Sleepip_e__guart ers anq__~ther Bu~l_dir.?B:..~ 

Carefu l t houzht wa s give n to the design of typic al framed 
sectional structures f abricated in suc h ma nner as would enable the 
comp onent parts or cubicle s to be assembl ed singly OJ' other wise in 
rows or back to back or a s mi ght be r equired for the vnrious t ypes 
of buildings. 

- , 

Fig~12 - Blec k of Sl eeping Quart ers , Mt. Paint er, Nov. , 1944. 

Two rows of five cubicl es back to back cons t j_t11te d one block 
of sleeping qua rt ers cont ai ning t e n c ubi c l e s whi ch g~v~ a ccommodation 
for 20 menL There were three of these bl ocks, t wo pr ovi dinc beds, 
ea ch for 20 me n, and th e third which consisted of 8 cubicles provided 
beds for 16 me n - 56 beds in all. . To accommodate the staff, foreme n 
and visitors, the t ents which were erected before the rbad was complete ~ . 
were utilised. . The maximum number of beds in use a t t he Mount Painter· 
camp a t any one time was 75. 

?ig. 13 - Small Store, Mt. Paint er , November, 1944. 
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A group of 4 cubicles set in the form of a square was adopted 
for the mine store near Noo 6 workings. A g roup of 4 cubicles in 
a row formed the miners' chDnge house near the mine store. 

Other units were, 1 cubicle for Manager's office inside the 
mess hall, 2 for latrine, 2 for laundry and shower room and 1 
(modified) for blacksmith shop. 

Costs were:-

The blocks of 20 bed cubicles cost £233/0/9 each (52' x 18') 
comprising materials £124/17/-, fabrication £30, erection 
£78/3/9. 
The block of 16 bed cubicles 42 ' x 18' cost £199/1/1; 
materials £112/10/1 9 fabrication £24, erection £62/11/-. 
1he mine store 23' E 18' cost £139/10/8, mat eri als £58/2/-, 
fabrication £12, erection £69/8/80 
The miners' change house 42' x 9' cost £131/6/8, materials, 
£55/18/3, fabrica tion ,~12, erection £63/8/5., 
The staff laundry and shower room 24' x 11' cost £41/14/10; 
materials £25/8/9, fabrication £6 , erection £10/6/·l ., 
Fl;-·•"l'.'oof latrine cost £47/12/7, materials £19/8/2 , f ab rication 
£6 ·~ rection £22/4/50 
Bl· ·..;lrnmi th' s shop cost £62/6/4; materials £30/19/-, erection 
£3'1 /7 /L~e 
Other building were: - . 
Gable roofed cubicle for camel transport . Cubicle £43/6/6 
Materials for benches £3/19/1 erection for use as 3 store 
£8/1 /60 
Sectional steel store from Alice Springs. 
Portion erected was 24' x 12'; materials for benches £13/15/6, 
cost of erecting store a nd benches £52/0/7. 
Depot a t East Painter turn-offo 
-(Cubicle frame covered vvith fibreen) cost £24/2/-; msteri3ls 
£8/17/L~, f abrication £3 , erection £12/4/8. 

Fie; 14 - General View Ut. Painter Camp, November, 1944, 
sh owing Kitchen and Mess Building, Sleeping Quarters 
(3 blocks), Camel Cubicle, and Tents. 

The first accommodatio n at East Painter was provided by six 
tents and three of the portable "camel cubicles" carted in on camel 
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back. Six camels were hired from Mr. Bentley Greenwood of Arkaroola 
Station a t the r a te of 5/- per c ame l per day~ A camel driver to 
look after the camels and to do other work was r el eased fr om the Navy. 
The came l te am did excellent work in supplying the ca mp with equipment 
stores, foodstuffs and wat e r until the ro8d wus compl eted. 

When the road head rea ched the East Pa inte r camp , construction 
mat erial s were carted in and the buildings mentioned below were erecte d. 
Pl a n No. 3194 Sheet Noo 25 shows the l ay- out of the camp. 

A mess room 34' x 17', with a kitchen 15' x 17r a ttached 
wa s in use a t the Engineering a nd wa ter Supply Department 's r oad 
camp a t the mouth of the East Paint e r gor ~o . This structure was 
purcha sed for £50 from the Engi nee ring a nd 1~ t er Supply Department 
and was cart ed to t he si te a nd erected there by the roa d gang. 
The chief it ems of i nterc:st were as follows:-

Three portabl e gable cubicles (Pla n No. 3206 Sheet No. 26) 
desi gned in sections for camel transp ort were erected a t a cost of 
£43/6/6 each plus the cost of preparing the site and e r ecting the 
three cubicles which amounted t o £71/ 19/9. 

The same pr actice of usin~ the st andard s ec tional des i gn for 
sleepine; quart e r s, offi ce a nd store as a t Mount Painter was adopt ed 
a t East Pa int er. This gave flexibilit y of construction a nd made 
t he struct lre s availa ble for use el sewhere' 

~--' . .Jping quart ers consisted of two rows of three cubicles 
bake to ba ck forming a block of s ix cubicles and provided accommoda­
tion for t we l ve men e The cost of this block was £163/1 5/11 of 
which l a bour cost £70/5/8 and mater i als £93/10/3. 

The Manager's quart ers cost £81/ 4/-, of which l abour c ost 
£41/10/4 and mat erials £39/13/8. 

The mine office cost £66/18/8 9 l abour £36/13/1 9 mat eri a ls 
£30/5/7. 

The mine st ore cost £72/11/10, l abour £42/6/39 materials 
£30/5/7. 

A shed for t he bla cksmith was er ecte d a t a tota l cost of 
£10/2/ 11. 

Fia.15 - Ge ner a l View of :Cast Pa i nt e r Camp. 

-



.At East Painter~ to speed up the driving of' No. 1 adit, a 
portable Broom:i.vade air ciompressdr· which had beeri used on the road 
con$truction through the Eest Painter gorge,• was hired f'rom the 
Engineering and Wa'~er Supply Department~ This was installed on the 
road immed::'.stely below No& 1 adit and air ahd w~terpipes. were laid 
to the worl '::g f'ace. The water. ;required for the S. L.; 11 Holman 
hammers w2:-: carted to the sump and lifted to a .head tank on the 
hill7"side Hbove the adit by means of' a single stage air driver sump 
pump~ The cost of installing this portable plant including air and 
water mains was £59/19/4 bf which materials cost £53/12/9 1 labour 
£6/6/7. 

No other construction work of importance was cc1rried out 
at East Painter,. Prior to the ·closing down of' all operations at 
East Painter, detailed plans were in preparation for the installat~on 
·of a gravity ropeway from Nao 5 workings to the ro~d head and also fo~ 
the erection of an air compressor and air and water lines to the 
working faces on that lode. These proposed works remained in 
abeyance,, 

1 O~ PREPARATION OF MINE FACES AT MOUNT PAINTER. 

Before the approved mine developmental proe;ramme could be ; 
cornmencea., considerable work was involved in preparatory operations. 
The old workings were narrow and lqw and badly gradedo On the 
100 ft" level there was a jump-up of 7 feet half way along the level. 
This necessitated breaking down the back and installing a chute and 
involved double trucking for ~11 operations Qn that· level. Before 
diamond drilling could be started :i. t was necessary .to cut chambers f'or 
each set up~ Before winze sihkind could be commenced, chambers had 
to be cut io give hea~ room for ha~llng the kibbles~ Rails had to 
be curved and laid and flat sheets installed• 

. 11. DE-yELOPMENT .AND EXPLORATION, EQQTAGES. 

A·;; the inception of the job the programme of' development 
schedule f . · completion by the end of 1944 (required as a gut de for 
further op .. ::'ations) was:-

Winzing 
Driving 
f;haf't Sinking 
Diamond Drilling 
Boring for water 

100 feet. 
100 " 

20 II 

~WO " 
until located~ 

Development commenced on the first week of November, 1944~ 
On 17/12/44 when the miners left the locality on Christmas leave, 
the footage completed was:-

Mount P;::_"0 nter. 

Winzing 96 feet 
Driving 77 II 

8haf't. Sinkipg 15 II 

Rising 17 II 

Diamond Drilling 649 II 

Boring for Water 404 II 

East Pain~er. 

Costeaning 60 feet. 
Open cutting 50 II 

Shaft sinking 6 " 
Boring for water 150 It 

Min~ng and diamon~ dri11ing and water boring operRtions were 
resumed ori 1 3/1 /45" Mining development continued on a redt;ced scale 

, __ 
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as and where required by the ge ol ogicml control until 23/5/45. 
Diamond drilling ceased on 1818/45. . 

A summary of' the total f'ootage of developmental and ex­
ploratory work :from November, 1944 to August, 1945 inclusive, is 
given below. 

Mount Pai ntero 

East Painter. 

"C.7i nzi ng 
Driving 
Shaf't sinking 
Rising 
Cross Cutting 
Diamond drilling 
Boring for water 

Driving 
Shaf't sinking 
Cross cutting 
Open cutting 
Costeaning 
Boring :for water 

1 26 f'eet 
460 f'eet. 

1 9 f'eet. 
1 7 f'eet. 
18 :feet. 

1249 f'eet. 
404 f'eet •. 

78 f'eet. 
40 f'eet. 
1 2 :f'eet. 
50 f'eet. 

140 f'eet. 
429 :reet. 

12b DESCRIPTION OF MINING OPERATIONS• 

a. Introduction 

At the time the Mount Painte~ PrOject wa~ p~t in hand, 
expertericed machine miners and diamond drillers were riot available. 
It was :found necessary to obtain approval f'or the release o:f' the 
required personnel f'rorn the Army. The number of men so released was 
31. Although outside Army control 9 . provision existed :for civil 
action to be taken in the event of' the released men :failing to 
complete their obligation to work on the Mount Painter Project f'or 
such period as might be required. No trouble was experienced. 
The men accepted the conditions and set to work with a will and 
with the under-lying idea of earning as much money as possible before 
visiting their homes during the Christmas period. 

Broken Hill miners as a class are shrewd~ resourceful and 
skilf'ul. The released men were no exception~ They worked hard 
and continuously without thought of visiting Copley for relaxation, 
the spur to their ef:forts being the desire to take advantege of the 
somewhat generous footage bonus of'fered by·the management. 

All mining operations were under geological control under the 
Director of Mines. The assistant Government Geologist who was 
associated with the project resided on the mine most of the time f'or 
the purpose of recording and reporting to the Director all matters 
which might have a bearing on the search for ore bodies. 

At Mount Painter the programme of development as set out at any 
one time was subject to modif'ication at short notice in the light of 
geological disclosures or :for other reasons. This made it necessary 
:for the management to adopt a more f'lexi ble method. than the usual 
contract system· for payment by results. The mine manager recommended 
a bonus syste~ as being the most suitable under the conditions 
existing at Mount Painter,. The mine manager was authorised to f'ix 
bonus rates at his discretion~ depending chief'ly on the hardness of' 
the ground at the various faces. 



. ~ 26 .... 

The f'l~x1b1l1ty abq suitability of' this sytem was demonstrated 
at Mount Pa~nter where it w~s nec:essary not only to prchride an 
incentive tb speed up operations but also to a~oid the.~esentment 
which mi nez>s f'eel ?at f'reguent changes in the f'orm and direction ·of' 
their work.· 

The South Australian Government~~ Indus~riai Officer adopted 
the A.w.u. (Adst~alian Workers' Union) award for the Mobnt Painter ar~a, 
and by reason of' its out of' the way 1 ocati on, he granted a camp all ow ... 
ance of £2/5/- per week, the men to order and pay for their own food 
and the freight thereon. 

The A.wiu. award ~dtes were:-

Mi ners £5/11 /i,,;,. f'or a week of' 40 hours 
Bhaf't sinking £5/17/- f'or a week of' 40 hours 
Truckers~ underground, £5/2/- f'or a week of' 40 hours. 
Winch men £5/14/- f'or a week of 40 hours~ 
Labourers £4/19/- f'or a week of 44 hours. 

Overtime was paid f'or in &ccordance wi:th the A. w. u. award, 
at th19 rate of' time and a half', gazetted holidays at double time if' 
worked. No overtime rates were paid to men working on a bonus or 
contract. 

1 The bonds rates per f'6ot set by the mine manager at Mount 
Painter were:-

.22' Level N.D~ - 24/- increased toward the end of' the 
job to 27/- per f'oot; _ the extra 3/­
in payment f'or miners doing their own 
trucl<::i ng~ 

50' Level rise 

50 1 Level winze 

16/- per foot (preparation of mine faces) 

16/-, increased successively to 18/-, 
20/- and 22/- per f'oot. 

80' Sub-level d.ri vi.ng-22/- increased to 24/-

100' Level South Portal 
Drive -20/- increased to 24/- and 26/-. 

100' Level N. drive - 24/- increased to 26/- and 27/­
including owh trucking toward the end of' 
the job. 

100' Level Winze - 16/- increased to 18/- and 22/-

1 50' Sub-·level drive - 24/- per· foot • 

.:!..20' Sub-level crosscut at 27/­

Surface shaf't 20/- per f'oot. 

Schedule No. 2 attached to this report gives a complete list 
of' the earhings of all the miners on bonus work f'or the whole of the 
time they were so employed at Mour,t Painter. 
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SCHEDULE NO. 2 · 

MOUNI' PAINTER - NO. 6 WORKINGS. 

Schedule showing nett earnings o~ bonus and contract miners. 

-··. - ' Ptnight 
'I ··ing 

. Bonus camp Dedu1 tions Nett 
Allow- Mess Income Earning.:.. 
ance Tax 

Daywork Name 

. 
s. d £ s. d". £ a. d I . £ 'Si d I £ 8• d £ s. d I £ 

, · ·/44 .
1

! Delbridge,T~H.I. 17 6 10 I 7 5 O 4 10 O 13 
Hill, F.H~ \ 17 6 10 ; 7 5 0 

1

4
4 

1
10

0 o
0 3

3 
3 0 
3 0 
3 0 
3 0 

4 2 
8 18 

-I 
6 121 
0 117 

6 17 
6 

16 4 
0 10 

9 3 !carlaw, E.G.· j 18 T 9 8 o o 
jNetherwood,A.Cj~18 6 4 8 0 0 4 10 0 3 
IRawson,R.J. r1 9 7 4 4 0 410 0 3 
!Ellis, S"O.L. ~715 214 4 0 4 10 0 3 
I Bailey, L.M. r9 15 10 ! - 4 10 0 3 
i Perko, C.T. rt 7 9 7 l 4 14 6 ,·.

4
4 1

1
0
0 

0
0 

3
3 ; Harvey,W. c. 120 15 2 ! -

!·savage, M. 20 17 11 j :... 1

1

4 10 O j 3 

3 0 1' 

3 0 
3 0 
3 0 

3 0 

10 5 
6 17 
4 9 6 
8 18 0 
7 12 

9 0 
5 12 

0 

6 
0 

20 15 10 
18 11 1 

14 8 2 
13 10 10 

14 10 7 
16 10 2 

i Campbell, A. 1 11 9 I -1 18 7 I 1 
2/12/44 lnelbridge,T.H. O 1 8 9 5 0 14 10 O 

1

2 

I Hill, P.H. 20 3 1 I 9 5 014 10 0 2 
l I i 

~ ~ I ~ 1~ ~ 1
1

: 19 

1

: 

l 8 5 0 !23 9 8 
1 9 17 o ;21 19 1 

2 0 

2 0 

1

1 3 8 O j 23 1 B 9 • ;Carlaw, E.G. 123 10 3 11 8 6 1410 0 j 2 

jNetherwood,A.c.123 13 O !11 8 61'.4 10 Of 2 

!Ellis,s.o.L. ~3 210 Is 4 o 410 0 1 2 
Rawson, R.J. 23 3 6 ! 5 4 0 4 10 0

0 

,. 2
2 Bailey, L.M. 3 9 8 4 10 

1 
Ellenson,P. P. 3 1 5 11 4 1 O O 

1

2 
!Harvey, w.c. 3 19 5 ·4 10 0 2 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

2 0 

10 19 6 26 10 0 
110 13 0 20 1 10 I 8 1 o 22 a 6 

8 10 6 17 7. 2 

5 16 0 20 6 6 
8 15 6 17 8 5 
6 4 0 20 3 5 
6 10 0 19 15 5 

Campbell, A. !3 14 6 4 10 0 12 

l s~~; --:-rage' M. 23 1 7 5 j 4 1 0' 0 I 2 

''/44 Carlaw, E.G. _f'16 10 4 19 18 314 10 0
1
. 3 0 

Netherwood, A. C 16 8 11 1 9 1 8 3 4 1 0 O 1 3 0 

Bailey, L. M. 9 1 10 1 7 3 9 4 10 0 13 0 

.Harvey, W.H. r8 16 7 j17 3 9 · 4 10 0 3 0 

Delbridge,T.H.!15 10 10 j14 17 014 10 0 3 0 
Hill, F. H. j19 8 10 I 3 9 6 4 10 0 3 0 
Elli::;, s.o.L. h 5 16 5 113 13 o 1

4
4 10 o 3 o 1 

1 i 1 4 3 0 23 1 5 6 
1 11 1 2 0 26 5 1 
1 1 4 3 0 . 23 1 2 6 
1 I 11 3 6 26 6 9 

' 

• 

1 
1 

1
Rawson,R.J. j15 16 5 j13 1.3 o 10 o j 3 0 1 

jBest, H. ~2 18 .3 I 4 10 0 3 0 1 
I Savage, M. 22 18 0 14

4 
1
1

0
0 

0 .3 0 1 
!campbell,A. · 8 8 10 11 7 6 O 3 O 1 

1 3/1 2/441 Nil I 
13/1/45 jNil I 
27/1/45 ln~lbridge,T.H.~5 . 9 8 

!campbell, A. H4 10 o 
j Netherwood,A.at 5 5 8 

1carlaw, E.G. 15 5 8 
IRawaon,R.J. ri, 3 0 

·' ! 

13 10 
13 10 

0 

0 
0 j 13 10 

!13 10 0 

14 14 0 

4 10 

4 10 
4 10 

4 10 

4 10 

0 

0 

0 

0 

0 

1 11 
1 11 
1 11 

1 11 

1 11 

6 
6 
6 
6 
6 

8 12 6 
_7 2 0 

11 3 0 
8 17 0 
8 13 0 
6 2 0 
8 1 6 

8 6 0 
7 10 0 
8 1.2 0 

9 12 0 

8 12 0 

23 5 3 
17 6 3 
19 16 4 
22 2 4 
15 15 2 

18 5 11 

23 4 9 

23 12 2 
23 8 6 
23 2 2 
22 2 2 

23 3 6 
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Schedule showing nett earnings o:r bonus and con tract miners. 

-· ·-· --·-----------------------..;._---------------
·;' :..0 ·~ night Name· · · Daywork 

.I .ling 

£ s. d 
';-:7 /1 /45 llendon,P. P. 6 16 8 

10/2/45 

24/2/45 

_/45 

•• 
'J/45 

~4/~/45 

J/5/45 • 
·!5/45 

erry, H.E. 5 15 11 
mith, ~·A~ 5 19 ~ 
llis, S.Q,L. 8 2 4 
avage, M, 6 2 9 
arlaw, E.G.. 4 18 5 
etherwoo~,A.C. ~ 18 5 
awson, R.J. 5··10 10 
llis~ s.o.L. 5 2 6 
11epdon, P!P. 6 18 7 

Sm:l th, J.A. r 9 3 6 
ercy, H. E. 118 1 11 

ICarlaw, E.G. ~4 9 3 
!Netherwoo~,A.c. 4 9 3 
llis, s.o.L. 3 4 3. 

Rawson,R.J. 3 4 ' 
Ellis, S.O.L. 0 12 4 

awson, R.J. O 12 4 
CarlaWi E.G. 0 12 4 
Netherwood,A.C. 0 12 4 
cooper,·n.G. 9 13 7 
Hayward, E.W. 

Percy, H.E. 
Smith, J.A. 
Cooper, D,G. 
Hayward, E.W. 
Percy, H.E. 
Smith, J.A. 
Cooper, D. 

Hayward, E. 
Percy, H.E.· 
Smith, J-.A. 
cooper, D. 

Hayward, E. 
cooper, D • 

Hayward, E. · 

Cooper, D. 

Hayward, E• 

13 
4 4 
4 4 

7 
5 
5 

4 5 10 
4 5 10 

3 6 5 
3 6 5 
3 9 2 

9 2 
7 3 
7 3 
5 10 
5 10 

11 4 
11 4 

5 10 

4 5 10 

· Bonue Camp 
llow­
nce 

D: iuctions Nett 
Mess Incqme Ear~ings 

£ s. s. d £ s. d 
6 10 0 10 0 1 11 6 
2 9 4 10 0 1 11 6 
2 0 0 10 {j 1 11 6 
8 4 0 :2 11 5 - 18 0 

25 0 

25 0 
15 18 

2 11 5 - 18 0 

0 4 10 0 3 6 6 
0 4 10 0 3 6 6 
0 4 10 0 3 6 6 

15 1e o 4 10 o 3 6 6 
~ 8 0 4 10 0 13 6 6 

4 10 0 3 6 6 
!4 10 0 3 6 6 

18 0 0 ~ 10 0 3 6 6 
18 ,0 0 10 0 13 6 6 
15 16 6 4 10 0 13 6 6 
.15 16 6 4 10 0 3 6 6 I 6 15 a 2 5 a 1 .14 1 a 

6 15 0 2 5 0 1 14 10 
9 0 0 2 5 0 1 14 10 

9 0 0 2 5 0 1 14 10 

14 3 

14 3 
11 8 

11 8 
15 6 
15 6 
10 2 

2 5 0 1 4 6 
2 5 0 1 4 6 

6 4 10 .0 2 9 0 

6 4 10 0 2 9 0 
0 4 10 0 2 9 0 

0 4 10 0 2 '9 0 

0 4 10 0 2 9 0 
0 4 10 - 0 2 9 0 
6 4 10 0 2 9 0 

10 2 6 4 10 0 2 9 0 
10 11 6 4 10 0 2 12 6 
10 11 6 4 10 0 2 12 6 
11 3 6 4 10 0 2 12 6 
11 3 6 4 10 0 i2 12 6 

14 10 3 4 10 00 122 12 6 
14 10 3 4 10 12 6 

12 3 0 4 10 0 12 9 2 

12 3 0 4 10 0 2 9 2 

Tax 
£ e. d £ s •. ~· 
810 .6 711.J. a· 
6 10 0 4 13 9-
6 6 0 4 11 8 
6 9 0 1 10 9 
1 5 0 6 11 ·~ 

14 7 0 14 11 

13 4 6 7 17 5' 
9 12 0 3 0 4 

11 18 0 0 6 0 
8 2 0 5 8 1 
6 16 0 3 11 0 
6 8 Q 2 17 5 

11 2 0 f~29· 10 9 9 1.9 6 13 3 
8 14 6 9 9 

11 0 6 3 ~ 

5 10 3 2 7 3 
4 2 3 3 15 3 
5 13 3 4 9 3 
5 0 3 5 2 3 
3 9 0 7 5 1 

3 9 0 7 5 1 

10 13 0 

10 13 0 

9 10 6 
9 10 6 

9 15 11 

9 1 5 11 
4 4 
4 4 

8 
8 

10 15 
10 15 

8 13 

6 91711 
6 ~9 17 11 
0 6 19 8 

8 13 0 6 19 8 
9 4 0 7 12 3 
9 4 0 7 12 3 
9 8 0 7 18 10 

9 8 0 7 18 10 
11 0 6 9 18 7 

11 0 61918 7 
9 15 6 h8 14 2 

9 15 6 ta 14 ~ 
---­. 



21 -

At East Painter where the conditions were simpl~r, a f'ootage 
contract system was adopted, the rates being set by the ~anager 
and based on the local donditionst · 

All mining operations at :Bia st Pa inter whether on the surf' ace 
or underground, were carried out by hammer and tap methods with the 
exception of' the drive at the No. 1 adi t f'or which a portable 
Broomwade air ·compressor and rock drills of' the jack-hammer type 
were installed. At a lat·er stage a lerger air compressor and the 
requisite piping were made available f'or carrying on the work at 
No. 5 lode, but this plant was not installed because of' the 
cessation of mining operations at East Painter. 

The contract rates at East Painter were:-

Driving No. 1 adi t at £2 per f'oot. 
Sinking shaf't on No. 5 Lode £3/7/6 increased to £4 per f't. 
Driving 40' level on No. 5 Lode £3/7/6 per f'oot. 
Crosscutting 40' level No. 5 level. £3/7/6 per f'oot. 

Schedule No. 3 shows the earnings of' all the miners on 
.contract work at East Painter. 



Schedule -· Fortnighjt Name 
Ending · 

! 
i 

ij/1/45 I Flaherty ,M. 
• ! Hayward, E. 

1 O 'Donoghue, M. 
I Flaherty, M •. /1+5 
; Hayward, E. 
' .. 
l cooper, D. 
i Harvey, W.H. 
; Mcinerney, J. ' . 

~ O'Donoghue, 
! 

M. 
I Bailey,· L.M. 

~1"0/2/45 i Hayward, E. 
t 
'. Cooper, D. 
i Flaherty, M. 
' 
: Bailey, • L.M. 
l 
i Harvey, W.H. 
I 
i 
: O 'Donoghue p M •. 
I l Nfcinerney, L. 

24/2/45 
j 

l Gangell, A.H. 
I 
l Hayward, E. 

! Cooper,. D. 

l Flaherty, M. 
I l Bailey, L.M. 
; Harvey, w. 
I 

•/:.;/45 ; Hayward, E •. 

I Cooper, 
! 

D. 

: Flaherty, M. 
I 
I. 
i 
-'-.. .._... --.. ·---
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SCHEDULE NO. 3 

EAST PAifilfill 

showing nett earnfngs of' 
I 

Contract! 

i 

r' 

contract 

Camp 

miners. 

--
Daywork ! · Deductions j Nett''\ 

l l Allow-~ Mess Income Earnirlflfl 
! a nee l Tax 

£ s. d) £ s. d £ s. !l -~ £ s. d £ s. £ s •. d 
.6 

j 

10 4 10 01 18 9 1 . 10 9 2 9 0 5 0113 1 11 ~ . 1 

ol 6 9 1 I 10 9 10 4 10 ol 2 9 5 18 o, 13 1 11 
I 

4 '. 
~ 61 ol 1 13 8 1 5 2 17 1oi 1 11 3 15 7 6 1 ; 

ol ' 18 13 7 4 10 2 9 0 6 12 0 14 2 7 l 

I 
, 

18 13 7 4 10 O' 2 9 o~ 6 12 0 14 2 7 
I \ 

ol i 18 13 7 4 10 01 2 9 6 12 . 0 14 2 7 
I 

6 ·J ol 8 i. 10 4 4 2 5 o; 1 4 2 9 1510 I i 
. l ol i 13 12 5 _i 4 10 2 9 01 3 12 0112 1 5 ·, I 

4 5 31 11 4 3 4 10 0 ; 2 9 ol 5 6 0 12 4 6 I ' 6l ol 7 11 10 4 4 ·2 5 Ol 1 4 3 13 10 

19 16 4 
i 

18 6! 0 115 6 7 10 o; 1 7 2 1 . 
' I i 

61 19 16 7 4 10 Qi 1 18 7 2 0!15 6 1 i 

19 16 7 4 10 l 1 18 61 7 2 0115 6 1 • O; 
! l 
i • 6l 0117 10 '. 23 12 2 4 10 oi 1 18 8 13 8 

6~ 
j 

23 12 2 4 10 0 1 18 6 2 0 
I 

20 1 B 
l 

oi 
1 15 15 4 10 0 2 1 6! 5 8 0 12 15 6 

I 1: i 12 5 3 10 8 l 1 13 3; 2 16 0 11 7 0 ! 
ol 

i o! ! 12 4 01 11 8 0 10 0 ;2 2 3 0 0 
j ' 0!16 l 21 17 9 4 10 0 i2 2 01 7 18 7 9 
! ~ 

oJ 16 21 17 9 4 10 Oj2 2 01 7 18 7 9 
i ol 

I 

21 17 9 4 10 0 j2 2 7 18 o' 1·6 7 9 
~2 

1 
1 30 1 1 I 4 10 0 2 0 l 11 8 0 21 1 . 12 ol ~ 30 1 1 4 10 0 2 8 16 OJ 23 13 1 

' o~ 4 3 3! 4 10 0 2 5 0 ; 1 1 3 1 oj 6 16 3 
l I 

41 
i 

4 5 4 10 0 • 2 5 0 j 1 1 Ol 3 2 QI 6 17 4 
' 

! ,\ ' I . l ' 
i ,12 9 91 4 10 0 I 

4 10 0 l 2 2 0 l 5 18 0113 9 9 ; 

' 
• I 

·---! I ----...!.-- ___ ____,t __ _J_ 
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The plant f'or machine mining was obtained, some new and some 
second-hand, from the Director of' Mines at Alice Springs through 
the Depart~~nt of Supply and Shipping, Melbourne. Suitable plant 
was not available elsewhere at the time. 

The rock drills supplied were of' the f'ollowing types: 

C.P. 50 drif'ters 
Ingersoll Rand, J.B. 4's. 
Holman Silver Bullets 
Holman s. L. 11 's. 

The c. P. 50 dri:fters were exc.~;Llent machines but required too 
much air f'or the conditions at Mount Painter. They were discarded 
by the machine miners in favour of the smaller types. The Ingersoll 
Rand J.B. 4's and the Holman machines all did .good work and there 
was not much to choose between them. Two Holman S.L. 11 's. were 
used at East Painter. · 

b. Mi ni.n_,,g Metho<:l_s. 

Most of the miners on the job were from Broken Hill but 
there was a sprinkling of men with Western Australian exp·erience 
as well. There was a dif'ference of' opinion as to the best type of' 
cut to be adopted in driving. The Western Australian miners adhered 
to the drag cut with which they were familiar, but the Broken Hill men 
showed a marked preference for the post hole cut, which is a type of 
burned out centre cut. 

Plans Nos. 3198 and 31.99 Sheets Nos. 29 and 30 illustrate 
both drag cut and post hole cut as used on the field. Caref'ul 
analysis of' the results indicated that the post hole cut had the 
advantage both as to rate of' advance and cost of' explosives. 

T~e Western Australian miners using the drag cut operated with 
a 4 foot horizontal bar with one set up, boring 18 .holes in a round. 
The objective (never quite realised) was to set up, bore, fire and 
bog one three foot cut per shift. The firing order is shown on Plan 
No. 31 98 Sheet No •. 29. 

The Broken Hill miners adopted th~ post hole cut using a 6 ft. 
vertical bar with one set up.drilling a rbund of' 18 holes 6 f't. deep 
square with the face, Their objective was a 6 f't. advance in a 
shift and a half. This was seldom if ever realised, but it was not 
uncommon to get a 6 ft. cut cleaned rigl;Lt out in 2 shifts. In this 
system the centre cut consisted of 5 holes close together. The 
centre hole only of this group was loaded. It was loaded right 
to the collar •. The four holes in the form of a square were not 
loaded. The f'iring order is shown on Plan No. 3199, Sheet No. 30. 

Some ·ix£' the machines from .Alice Springs were fitted with i" 
chucks and some with 1 11 chucks but the steel available from that 
source proved to be much less than anticipated. Difficulty was 
experienced in obtaining collared and shanked steel of' both sizes 
at short notice. steel was obtained locally. This was collared 
and shanked by stonyfell Quarries Ltd. Screwing when necessary, 
was done by A. Noble and sons, Adelaide. 

The supply and Shipping Department in Melbourne was able to 
forward modern Jack bits type 1 which will fit eitber i" or 1 11

. 

steel. These were in sets of threre sizes 1i11 , 1:ii• and 1~ 11 • These 
jack bits were suitable for moderately hard ground but in the 
brecciated country carrying haematite there was a tendency for the 
softer mat~rJals to clog because of inadequate water pressure. 
water :for ·the dr.ills ·was· obtained :from tanks near the top of' the 
hill~ but this was only about 30 f'eet above the highest point of 

,'. ~.f 
, :-.... 
?·-:r·r-/ 

.· i 
:1• ·. ~-
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operati.on. Standard Ingersoll Rand pressure tan ks were supplied to 
boost up the water pressure to equal the. air pressure if necessary. 
The men, however, were not familiar with thi_s equipment. 

The advent of' a f'irst-cL:ss bla.cksmi th on the mine improved 
conditions and the men then adopted the chisel bi~, relying ~n the · 
blacksmith to giv·e them the temper they needed on their steel. The 
blacksmithrs shop was located at the mouth of' the 100 f't. level,. 
near enough to all working faces for easy contact with the miners. 
Under these conditions the chisel bits proved successful and were 
adopted throughout the mine. 

When.not fully· employed on sharpening drill steel the blacksmith 
was engaged in making chain ladders, spikes, gads, ladder dogs, etc. 
for both Mount Pa inter and Ea.st Painter. The total cost of black­
smithing and tool sharpening at ~,[aunt Painter was £444/17/1. At 
East Painter the cost was £64/12/90 

Schedule No. 4 illustrates mining costs at Mt. Painter and also 
at East Painter. 
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SCHEDULE NO. 5 · 

MOUNT PAINTER NO. 6 WO~KINGS 

SCHEDULE_ SH01,~JNG COST PER FOOT OF MA IN HEADINGS. 

-·~L-o_c_a_t_i_oo __ ~-~F-o_o_t~~~-M-i-ne_r_s~-i-u-n-er-s~~,~1-li-n-~-s~--~tores!~-A-ir~-l.~S~~-~~-W-a-te-r~~1-H-ire IHbti~y1T~a~T cost 
age in Wages Bonuses · Camp 1· ing and i of I Pay I cost per 
Feet Allbw- Repairs ! Plant [ 1 foot 

1 a nee ! ! i ! I . 
-.~i~--~-~-~-~~£-s-.~d+_-£-s-.-d~~£--s.-d~~-~-.-s-.-d~~~£~.-s-.-d~--£-s-~-.-d~~-£--s.-.-d~-.~£-s .. ~£ L~ s. di£ s. d 

Winzes below ; . 1 i j ' I ! 
5¢ 1 &100'1. 126 3131~ 310513 6j's6 510~710 - 16112 8!88 6 412 o 8l24 7 41

1

1

170 5•,7561001
1

6 o- 1 
~~uth Portal l.' I I 
Wi'i v~ 100' L. 94 1 26 9 1 101 3 O j36 15 0 ~4 1 11 1 45 19 11 j 65 17 41 8 19 2 1

1
·18. 3 4 j1 2 14 0 460 2 914 17 11 

~gg~hL~rive 186 2~5 17 11 229 16 0 74 5 0 ~0911 2 :,: 91 0 3 lh30 7 8 ·
1
:17 15 0_!35 19 91

1
25 2 7 !949 15 4 5 2 2 

North Drive I 1 

50' L. 129 179 16 8 177 4 6 55 10 0 1'82 13 10 J 63 2 5 . 90 8 4 h 2 6 2 ~4 18 11 117 8 6 j703 9 4 5 9 1 
Dtiive 80' sub.L. 51 38 17 2 j 60 4 o 12 o _o 24 17 10. 1i24 18 10 j35 14 11j417 6 ;10 2 9 6 17 91218 10 9 I 4 5 9 
D~i ve 1 50 ' I I i I 
Sub.· L. 6 4 16 6 7 4 O I 1 1 O O I 2 12 3 : 2 19 3 4 4 2 - 11 4 l 1 2 4. - 16 2 25 16 O I 4 6- o 
Crosscut · 1 50' · j i I l 1 ! 

~ub~ L. 12 16 13 0 16 4 0 5 5 0 ~13 11 3 '.,: 5 1 7 5 Ir 8 8 3 
111 2 8 l 2 5 611 1 2 4 l 70 19 5 l 5 18 3 

; l I i 
~~e~~~:t;~~es - 356 17 4 - - - 98 2 5 6 8 2 ! 24 9 7 

1 
35 0 11 . 4 15 6 9 1 2 9 i 6 15 1 1582 1 9 I -

1 ·' ~ I 1 
l EAST PAINTER WORKINGS. ~ ! ! 
bri ve No •. 1 ~ ,1achines • t :. 
.Adi t 50 ... - - 1 20 o o 24 o o 9 3 6 I 20 16 o I 24 1 7 3 11 s o 67 4 2 j19 o. 1 j31. 6 6 616 6 fi 

rri·ve 40 '-· L. ·. I }\and Labou,r · t 
;. -· 5 Lode 28 - - "'1 96 3 9 22 19 o 

1 

8 16 7 Nil 13 18 5 I 1 o o I 9 12 11 o 13 21173 3 10 ! 6 3 8 
nltfnff Shaft ~and Laboh 

No. ·5 .Lode 40 59 2 10 87 1 O O 43 2 6 22 4 3 Ni"l ! 19 17 9 1 O 6 3 15 9 15 4 5 261 17 6 j 6 1 O 11 
Cr.osscuts 40' I J¥1nd Labour 
r,evel ·No. 5 Lode 12 I - - -- -40 1 O O 9 O o 5 12 11 Nil I 5 19 41 - - - 4 2 8 4 11 3 69 16 2 5 16 · 4 

I I 1i I I I I : I I -"- i , 
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.£! Plate Laying 

250 yards of light tram tracks were laid to the var·i ous working 
faces at a cost .of £302/5/4 of which labour cost £134/13/10 a'nd 
materials £167/11/6. Th.e cost per yard of' track was 24/2.. The 
rails used were steel, 14 lbs'. to the yard spiked to 4" x 1i" Karri· 
sleepers with f" dog spikes. 

h Underg·round True k:i..ng 

. . The jump up of' 7 feet on the 100 feet level added considerably 
to trucking dif'f'icul ti es. It was necessary to construct a chute 
at thi.s point and to re-truck from the chute to the dump. To give 
working room f:Jr. the chute it was necessary to blast down the back and 
widen the drive~ The grades on the old working levels wore very bad.._ 
Time did not permit of regrading - all that could be done was to 
make the most of' existing conditions. 

Truckers were paid at A.w.u. Awnrd rates of £5/2/- per week of 
40 hours with overtime at time and a half. The total cost of 
trucking was £452/7/7 at Mount Painter. This is equivalent to 
14/7 per foot of development trucked. 

At East Painter where only one short adit of 50 feet was 
driven, the trucking was included in the contract rate for driving 

·the No. 1 adit. 

~~;i:f'a q_LI;:~~~c ti ng -~-~.§Lt_ -~"t.!l~l!.!.__f_a int er. 

For prospecting purposes a shaft was sunk on top of the hill 
to the north of' the No. 6 workings. The sinking was done by hammer 
and tap methods as air was not available. The depth was 19 f'eet on 
the underlie. The ground was heavy and required supporting with 
timbers, a good deal of timber was also required at the collar of the 
shaf't. 

The cost including timbering, was £279/7/11 of which labour cost 
£114/11/8 and stores £164/16/3, the cost being £13/6/1 per foot. 
This shaft :failed to disclose anything of interest and it was 
discontinued by the Geological control. 

f'. Diam·ond Drilli nz. 

. A programme of diamond drilling commenced on 29th October, 1944, 
and continued until 21st August, 1945 under the supervision bf the 
Mechanical and Boring Engineer of the Mines Department and under the 
direction of' the geolbgical control by the Director of' Mines through 
the Assistant Government Geologist. 

An air driven Sullivan No. 6 machine was used, producing a 
core 1'k" diameter. The bits used were machine cast and made by 
Boyles Brothers, Melbourne, The diamonds were Congo brilliants. 
Duf'f'ield 1 s patent double tube core barrel was used. This gave a 
core recovery of 86 per cent over the total f'ootage drilled. Much 
of the ground passed through was badly fractured and produced broken 
core~ · · · 

The f'oreman diamond driller was paid at the rate of £6/10/­
and his assistant at the rate of' £5/9/- per week of' 40 hours. They 
also received :tne camp allowance f'or the locality of £2/5/- per. week. 
A bonus of 1 /- per f'oot of hole drilled and 1 /- per f'bot of core 
recovered was also granted as an incentive to quick and careful 
work. This bonus was divisib~e by the two men operating the drill .. 

The conditions at Mount Painter were somewhat difficult as far 
as diamond drilling was concerned. The bonus earnings per lt1an were 
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.less th~n th~ boti~s earnings of' the miners. on. the diambnd driilinc 
the bonus earnings .averaged about 30/.-. per-wee~ per man. 

Schedules Nos. 5 and 6 set but the main points of' interest. 

• SCHEDULE_EO. 5 .-

Schedule showing location of' holes and core recovery. 

·----.. - ..... - ------Hole Depth core 
Location Type Number in Feet Recovery 

100' Level Horizontal 1 201 ' Q II 166' 4" 
100 I Level Depressed 2 11 2 I 9" 91 ' 9 II 
100' Level Horizontal 3 221 I 8" 204' 2" 
100 f Level Depressed 4 11 5' 1 ti 85' 9" 
100 I Level Horizontal 5 100' 0" 89' 9H 
185 I Level Depressed 6 330' 8" 298' 3" 

50' Level Horizontal 7 167' 1 1.'.!_, _____ . .1.;3.9. ' 11 " 

1249' 1 " 1075' 11 11 

--
SCHEDULE NO • 6 

• DIAMOND DRILLING AT MT. PAINTER - NO. 6 W.9RKINGS. 

Date Commenced 5/11 /44 Date completed 28/8/45 

Size of' core 1 i" 
Total Footage drilled 1249 f't. 11 in. 
Total core recovered 1075 f't. 11 in. 
Percentage core recovery 86.1% 
Cost of' Wages, day work £704·16 -6) 

:l 
cost per :foot 16/3 

Cost of' Camp 187 17 

Cost of' Bonuses 1 21 7 
Cost of' st ores 9 including 

bits 314 19 0 do. 5/-
Cost of' air 366 14 9 do. 5/10 
Cost o:r water 56 4 0 do ... 11 d. 
Hire charge on ·drilling 

plant 57 4 9 do. 11 d. 
Repairs to drilling plantl 

and compressor 
1/-£48/9/2 + £15/0/3 63 9 5 do. 

• Prepar.ation f'or diamond 
_..1.9..£. drilling 51 1 Q___!± do. 

1249 f't. 11 in. of' Total· cost 
drilling cost· £1 921±__ :2 .2 per f'oot _lOL'.9 •. 
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. 13. GENERAL CAM~_Q.OSTS. 

~:~e~s ~g__ani~~i.9.£· 

The atmosphere of' the camp was most satisf'actory;. This 
was due 1.n large measure to the care exerci aed in the matter. of 

.providing adequate cooking and mess faqilities~ rt was dedid~d to 
adopt what is known as "shearers' mess 11 conditions under which. the 
men are responsible f'or ordering and paying f'or their own ~6od~stuf'f's, 
the details being lef't to a committee appointed by the meni The , 
Project supplied the personnel f'or the cook house f'ree of' charge to 
the men, .and also assisted the mess committee by doing everything 
possible to ensure that the f'ood ordered in Adelaide was promptly 
collected and f'orwarded to Copley • 

.. The mess was fortunate in being able to obtain fresh suppiies 
of' meat from Arkaroola Station until about the middle of' February 
1945. The local drought conditions the~ became so severe that 
Arkaroola was unable to supply any more sheep f'i t f'or killing. 
Thereaf'ter until the completion of' the job, sheep were obtained f'rom 
Wooltana Station. · 

The rates of' pay for the cooks and cooks' of'f'siders were fixed 
by the South Australian Government Industrial Of'f'icer in accordance 
with A.W.U. ~ward rates under which a cook's pay is £5/9/- per week 
of 44 hours with overtime at the rate of' time and a half. Af'ter 
studying the conditions on the job 9 the Industrial Officer varied the 
rate to a f'lat rate of' £9/10/- per week, no overtime and at a later 
date reduced this flat rate to £8 per week, no overtime. The cost 
of' cooks and cooks' of'fsiders, was £1197/4/2. At East Painter the 
cost was £324/13/3. 

b. Supervision at th~_Mines. 

At the commenceme·nt of' ·operations great diff'iculty was ex­
perienced in. obtaining a suitably trained man to act as mine manager at 
Ivrount Painter. The Manager of' the Zinc corporation at Broken Hill, 
however, c·ame to the assistance of' the Project by making available, 
young, well trained officers on loan f'rom his •own staf'f. The cost 
of' supervision consisting of' Manager and f'orcrinn 'was as follows:-

At Mount Painter 
At East Painter· 

Timekeeping.costs were:-

.£... surveying. 

At Mount Painter 
At East Painter 

£622/1/1 
£143/15/5 

£fli.04/7/0 
£120/5/-

The plans of' the No. 6 workings at Mount Painter and all 
geological plans of' that locality were prepared by the Assistant 
Government Geologist. Similar plans of' the East Painter area were 
prepared by the geolmgical and geophysical staff camped at East· 
Painter. 

The surf~ce plans showing the layout of works and buildings at 
Mount Painter and East Painter were prepared by a licensed surveyor 
rrom the Lands and survey Department who also carried out the f'ield 
work and prepared the plan of the trigonometrical survey (Plan No. 
2942) of' the whole of' the Mount Painter area. 

The cost of' surveying excluding Geologists' salaries was 
£444/18/10 of which £402/9/- was incurred .by the Lands and survey 
Department, chie~ly in connection with the trigonometrical survey. 
of the district. 
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d• ~ei_yJ_s_i on a_t._o op_le.x. 

.. . it was necessary to establish at. Copley a receiving and f'orward­
ing depot to handle the business of' the Project into and out of' that 
railway station and to transmit telephoned instructions and messages 
to and f'rom the mi ne·s. · . 

To house the depot clerk the Egnineering and Water SUpply 
Department made available a suitable building 34' x 17'. 

The cost or supervision at Copley was £395/16/1. 

e.; Holidays and Trf!_y_~ll~_:rime. 

. As mentioned els.ewhere a large proportion of' the personnel 
employed on the Pro,ject at Mount Painter and East Painter were soldiers 
releas.ed .f'rom the Army f'or this work. On account of' its urgency the 
men were ·:r:-equired to proceed to the job immediately upon release. 
This gave most of' them little or no opportunity to visit their homes 
af'ter their return f'rom the f'ighti ng force's .• 

Under the circumstances the meng who so desired were permitted 
to visit their homes during the Christmas vacation period. Arrangements 
were made for them to join a special train f'rom Marree on 20/12/44 
and to return by special train leaving Adelaide on 10/1/45. Employees 
tRking advantage of' this opportunity were reimbursed the cost of' 
their railway f'ares upon production of' receipts. 

The cost of' travelling time to and f'rom the mine at the 
commenceinent and end of' the job and durin.s the vacation period was 
£248/12/3 f'or Mt. Painter and £30/0/0 f'or Ea st Pai ff~·er • 

. 1 4. MIS~'fil.LLANEQ!lf:i __ Q9STS. 

Other costs not dealt vii th in detail in the f'oregoing sections 
are:-

Mt. Painter Camp Maintenance 
East Painter 11 11 

Mt. Painter Sampling 
East Pai·nter · u 
Mt. Painter Prospecting 
East Painter ·" 
Mt, · Pa.i·nter Road Repairs 
East :Paint er ·11 11 

Mt. Paigt~r Erecting Tents 
East Pa.inter· " " 
Mt. Painte:r Underground Maintce. 
Mt. Painter Dismantling Plant 
East Fainter 11 

" 

Mt. Painter Erecting Saw Bench 
Mt. Painter Bepairs to Gates and 

Fences 
East Painter Clearing Camp Site 
East Painter costeaning 
Ea~t Painter Repairs to Telephone 
East Painter· Open cutting 
East Painter ~~mel Pad 

Labour 
£ s. d 

263 17 3 
35 1 7 7 
62 0 5 

7 6 0 
21 5 0 
70 11 5 
73 14 7 
1.6 8 3 

4 4 10 
13 16 8 

137 1 0 
232 10 1 
43 9 4 

8 0 1 

6 12 0 
10 12 9 
81 3 3 

1 6 2 
73 6 9 
24 13 .1 

Mat~ 

£ s. d 

162 5 10 
·30 11 11. 
36 8 10 

1 12 0 
6 8 11 
4 6 9 

12 0 3 

12 0 3 

Total 
£ s. 

426 3 
66 9 
98 9 

8 18 
27 13 
74 18 
73 14 
16 8 

4 4 
13 16 

137 1 
232 10 

43 9 
8 0 

6 12 
10 12 
93 3 

1 6 
85 7 
24 13 

d 

1 
6 
3 
0 

1 1 
2 
7 
3 

10 
8 
0 
1 
4 
1 

0 
9 
6 
2 
0 
1 
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15. fil.fil'..QSAL OF PLANT AllD ]1_QUIPMENT. 

All f'ield work connected, with the Project ceased on 17/9/45 
on which date the remaining personnel lef't Copley per motor lorries 
with the last loads of' materials f'or Adelaide. Prior to that date 
all plant and ~quipment had been carted to Copley f'or disposal. 

Some of' the South Australian Government Departments were 
prepared to. purchase part of' the surplus plant and stores under the 
conditions laid down by the Commonwealth Government Disposals commission, 
The chief' buyers were the Engineering and Water Supply Department, the 
Mines Department, the Trust Fund f'or Commonwealth Assistance f'or 
Metallif'erous Mining. 

The unsold balance is stored pending a decision on the extent of' 
f'uture operations. Further purchases are likely to be made by 
Government Departments. 

The f'inal result will be included in the financial statement 
·to be prepared by the Accountant on completion of accounts. 

16,, .ACKE_9WLEOOEMENTS. 

The Mount Painter Project was initi8ted at a time when skilled 
workers and mining equipment were not obtainable through ordinary 
channels because of' war conditioris~ Its sucdessf'ul establishment 
at short notice and in almost record time, was due in large part 
to· the co-operation and assistance received f'rom many sources. 

Very many acknowledgements are duei A f'ew are mentioned here. 

The Department of supply and Shipping in Melbohrne f'or 
assistance throughout. 

The Engineer-in-Chief' of' the Engineering and water Supply 
Department for constructing the roads and assisting in many other ways. 

The General Manager of' the Zinc Corporation~ Broken Hill f'or 
providing trained officers and also equipment. 

The Direct or of Mines~ Alice Springs for much equipment;. 

The Director of' Explosives Supply and his managers of' the 
munitions factories at Finsbury and Penfield f'or personnel and other 
assistance. 

The Railways Commissioner and the Chief Engineer f'or s.A. 
Railways f'or much assistance. 

The Royal Australian Air Force Training Section for supplying 
aeroplanes and c6nducting maby inspection flights during the progress 
of' the work. 

The Flying Doctor at Broken Hill for his readiness to f'ly 
to Balcanoona if and when required. 

The Regional Manager of' the Commonwealth Disposals Commission 
f'or much help. 

The Superintendent of' T·:'lephones in the Post Master General's 
Department f'or help in the matter of' telephone communication with 
the mines. 

The local station owners for placing their telephone lines at 
the service of' the Project~ 

The Army f'or releasing men and materials and its helpful 
attitude generally. 



I., URANIUM MINERALS FROM MOUNT PAINTERll 

by 

(CAPT.) F. L. STILLWELL,, D. Sc., a.nd,h,B .EDV:iAHDS, D .• sc •; Ph.D •, D. I• Ci. 

Mineragraphic Investigations 
oounciJ. for Seientific and Industrial Research 

Geology School, University of Melbourne 
Victoria 

The follov1in5 observations on th.e uranium minerals of the 
Mt. Painter district are based upon investigations of a collection 
of specimens gathered f1'om the outcrops and workings of the va~ious 
"prospects" in the Mt~ Painter district, supplemented by specimens 
supplied by the Mines Department of south Australia, and specimens 
of ore from the No,. 6 workir;gs in the museums of the Geology 
Departments of the Universities o.f Adelaide and Melbourne. 

The various "prospects" on the uranium field include: 

~-Mt. Painter A~ea - --··~------·-----

Nos,. 1, 2 and 3 workings on Radium Ridge o 

No. 4 working on a southerly spur of Mt. Gee. 
Noo 5 working on n lower slope ot' Mt. Gee. 
No~ 6 working on a spur south-east of the camp; and 

east of R.adium Creek~ 
No. 7 workings and Minerva Heights workings, on a 

spur west 01~ Radium Creek and west of No. 6 
workings., 

East Painter Aroa ,-· 
---·-------

"BentlE>y Gre<:inwood" prospect. 
"Smiler Greenwood" prospect., 
No. 1 adi t, East Pain tor, north-west of camp, 

oo.st side of Heighty Creek. 
No. 2 prospect, north oi' camp, 
Noo 3 prospect, ahout 5°0 fto west of Heighty 'Creek. 
No. 5 prospect and workings, north-west of camp. 
Prospect one mile due west of East Painter camp, on 

an outcrop running f.or two miles s traish t 
towards Mto Painter (not visited). 

The localities of these various prospects are shown in 
the plans accompanyint;; other reports in this Bulle tin. 

Previous publications dealing with the mineralogy of the 
district have been listed elsewher0, and will be ref'erred to hero 
only as rociuired by occasions in the text. 

1,, OCCURRENCE 

The uranium minerals occur in, or near the margin of, an 
area of grt.:nitic rocks, frequently in brecciated zones that often 
coincide with the outcrops of small bodies of ironstone. The 

-------· ·-· ·- ··-· 

K An acco1.mt of the nature and occurrence of' these minerals was 
issued as :Mineragraphic Report No. 315, of' the council i'or 
Scientific nnd Industrial Research. This pr~sent account is e. 
r<:ivision and enlarge1rBnt of Report No. 315, following upon a 
second visit to Mt. Paintero 
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granite approaches a pegmatite in composition, and consists essen-
tially of quartz and reddish microcline. Desseminated ferromagnes-
ian minerals ~r8 typically absent, but b~nds and schlieren of bio­
ti te rock, or biotite-garnet rock, presumably related to the granite 
are found at short intervals. Mawson (1944, po356) records the 
occurrence of small grains of a black radioactive mineral in the 
grnnite at a point about one-qnarter of a mile south-west of Smiler 
Greenwoodis prospect? 

Near to the Mt. Painter Camp, the sedimentary schists 
and gne5.sses m&rginal to the granite have been extensively granitiz­
ed, and nll stc':ges can be traced in thin sections from biotite 
schist and gneiss to rocks of apparently igneous character, some 
resemb:_,~ng felspar porphyries, others pegmatic granite. This 
transition is clearly seen in the diamond drill cores from the No. 
6 workings o 

At east Painter, also, the main prospects occur in a 
region of bro cc ia ted and grani tized sedimentary schists and gne issea 4 

Along the spur leading from Radium Creek to the prospects 
on Rndiuin Ridge, well within the nwin granite nrea, theri:i are 
numerous outcrops of large rusidual bodies or xenoliths of schist 
and gneiss, dispersed through the prevailing pegma ti tic granite. 
Simib.r bodies of schist and· gneiss were noted along the ridges 
between Mt" Gee Creek and the Smiler Greenwood prospect, and also 
along thv slopes and spurs of Mt. Gee. This appears to be a 
characteristic fenture of the grr:.nite area, so much so that the 
impressiun is gained that the peculiar pegmo.titic grt:mite represents 
an nrea in which there has been extensive replacement of the 
schists and gneisses by the magmatic fluids. 

A feature of the granitised rocks, apart from the intro­
duction of quartz and felspa;r, is the al terntion of the b .... otite 
of the sch is ts which has accompanied the format ion of tourmaline 
and other minerals" The brown biotite is altered first to a 
paler-coloured~ high polarising biotite. It then posses sometimes 
into a pale chlorite, sometimes to near-colourless mica, distinguish­
able f'rom mus~ovite only by n pale yellowish-green pleochroism, 
and finally to n oolourless muscovite. In all cases, the change 
is a ccomp&nied by a dischnrge of iron oxide, some times dispersed 
as fine particl.e s through tho bioti te' some times aggregated around 
the margins. VJhen recrystallisation has occurred, blades of 
hematite appear~ · The le. ter migration and accumulation of this iron 
probably eontr'ihute s to the forma ti. on of the irons tone deposits• 
Sometimes the alteration of the biotite is accompanied by the 
development of a brownish, highly refracting mineral similar to 
sphene, and at other times nee.dles of rutile are formedq 

At times the crystallization of felspar and quartz do 
not appear entirely conteinporanoous, and quartz has the appearance 
of invading and enveloping the felspar. When the quartz predom1n-
a te s _, sil:i r. i.f l0"' tton of thE: sch is ts occurs with the format ion of a 
qm1 rtzi to-like rocko 

. ' 

The irons tone deposits are .in no sonce gos sans derived 
from the oxidationofsulphides. Theywere formed after thu intro--: 
due ti on o+.' the fels par into ths grani tized sediments because the 
iron ore mJ.ne:rals are genernlly found replacing the felspars along 
cleavages and fractureso some of the iron ore developed originally 
as magnetite, and pseudomorphs cf hematite after magnetite, often 
with some residual magnetite in the core, are to be fO'l.md. Much 
of this ironstone has a granular texture, which remains after 

·oxidation and wuathering, giving rise .to massive outcrop:::: of hard 
ironstorn:1, but v1lJJ.,1~e the ironstone contains a considerable pro­
portion of unreplaced and often kaolinized felspar, it is softer, 
and somewhat greyish.. At the No. 6 workings, where the ironsmne 

. i;i.p~ ars to ta per downwards, the thinning or lensing out is 
accompanied by an increase in the amount of unreplaced folspar. 
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When this f'elspar is altered tQ kaolin or related clays, the iron­
stone has the appearance of being more severely weatherod in depth 
than at the surf'ace• 

The uranium mineralfi have been found chiefly about the 
margins of a wide area' which is intensely.impregnated with vughy 
quartz j centring about Mt. Gee i The quartz . is of' epi thermal. , 
chara.cter, and occurs: characteristic ally as d lus~era of' radia.ting 
crystals (Fig. 1), which frequently project into vughs, and have 
been deposited frequently in columnar fashion on rod-like crystals 
of gypsum. At the surf'aoe the. ~ypsum has generally been redis·sol­
ved, leaving a prismatic cavity ("nail-hole") in .the quartz (f'ig• 
2). In places, as near the base of' Mt. Geej north of the No. 4 
prospect;· the gypsum is found apparently in. place~. in the "nail 
holes". The possibility that the gypsum was introduced as a 
secondary filling in the holes c.annot be altogether excluded, but 
1 t seems unlikely, because in some specimens of the "nail-hole 11 

quartz} the prismatic cavities end in arrowhead re·-entrants, 
such as characterise many gypsum crystals (Figs. 3 and 4}. More­
over, thero r: '.m be no doubt that. the originai mineral must have 
been a common mineral; in view of the abundance of the !!nail hol.e s 11 , 

and it must also have been relatively soluble under atmospherio 
conditions. 

A little calcite is encrusted on the quartz and gypsum 
at the locality north oi' No. 4 prospect, and there has been some 
tendency to regard it as marking the point oi' issue of' a hot 
spring. This seems unlikely in view of' the fact that the greateat 
development oi' the epithermal quartz is above these outcrops, and 
there is no concentration of the "nail hole" quartz downstream 
from the so-called spring sites. It seems more probable that 
these outcrops are simply localiti.es where stream erosion has 
exposed quartz, from which the gypsum needles about which it 
crystallized have not been removed. 

In places, the gypsum and quartz show alternating depos­
ition, a thin layer or layers of .fine "nail hole". quartz encrusting 
a thicker, cvar;~er-grained layE; r of similar quartz. · 

The greatest thiclmess of this quartz· is at Mt• Gee,· 
whore it occurs throughout several hundred feet vertical height. 
Away .f'rom Mt. Goe, the e pl thermal quartz is less strongly developed, 
and does not appear to extend far below the tops of the present 
ridges. Much secondary quartz is f'ound in some of the prospects, 
showing 2eatures in thin section ident:bal with undoubted 
epithormal quartz, while not apparent as such in the hand spocimem. 

East from Mt. Gee, clcs e to the site of the temporary 
camp on Mt. Goe Creek, the epithermal quartz occurs intimately 
intergrown with a small lode of fluorite. Both green and purple 
fluorite occur, in zoned crystals·, the p'lirple fluorite occurring 
generally in zones in contact with the epithermal quartz. Barite 
veins also occur in the epithermal quartz belt, at several widely 
spaced points, such as Radium Ridge, and east of Mt. Gee, on the 
track to r1Smilor 's" East Paint0r prospect. A small amount of 
barium is present in the No• 6 Workings (Mining Review, Department 
of Mines, s.A., No~ l9, 1914) p. 12). 

There is a genetic relationship between much of the 
hematite occurring in tho ironstone outcrops and the epithermal 
qunrtz, as is evidenced by their intimate. intergrowth. This 
relationship is clearly seen at the No. 2 Workings, on Radium 
Ridge, where crn.rse-grained hematite is associated in part with 
quartz with a concentric structure enclosing vughs lined with 
quartz crystals and sometimes containing uranium minerals.. Here 
hematite of' two types is f'ound. rntergrown with abundant monazite 
is hematite which is partly martite. Traces of' mag~etite in 
hematite a.re still to be observed in polished sections, and much 
or the hematite shows a granular structure suggestive of the form 
of' original magnetite crystals. Associated with this hematite 
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is. a considerable amount o:f' bladed or specular hematite.,. which 1s . 
intimately in tergrown vti th the epi thermal quartz 1 and in occasional 
specimens hematite occurs as pef.f'ect crystals encrusting ll(Uartz . 
crystals in vughs. It seems probable :from this that the iron was 
originally present as magnetite1 b:ut was.subsequently oxidised to 
hematite, possibly through the action of' the epitheri:nal siliceous 
solutions ·that deposited the quartz. Part of' the iron was re-
dissolved by these solutions., and reprecipltated as specul.ar 
hem~tite~ · 

The fact that the uranium prospects are associated with 
inronstone outcrops (which also contain monazite) may be explained 
as due to the fact that these localities originally marked bodies 
containing magnetite and monazite, probably wj,th primary uranium 
minerals4 These rocks were, in some instances, .fractured and 
brecciated., and then infiltrated by the epithermal quartz solutions 
which dissolved some of the iron oxides re-precipitating them as 
hematito and at th6 same time cementing the breccia into a part­
icularly resistant rock. 

2. URANIUM MINERALS. 

The uranium minerals so far discovered in the various 
prospects .and lodes are as follows: autunite, torbernite, meta-
torbernite, uranophane, gummite or uranium ochre,·and an unidentif'i-
ed uranium silicate, and fergusonite.. AssociatEld with them are 
various primary minerals such as hematite, monazite, pyrite and 
.fluorite., and various alteration products· and secondary minernls 
such as psilomelane, goe thi te., collophane., iron phosphates., limonl te 
and gypsum. 

Other uranium minorais recorded as occurring at Mount 
Painter I but not found. during the present investigation., are 
zeuncri te, and carnoti te.. A specimen labelled zewwri te in the 
Museum o.f the Geology Dep:i.rtment; Melbourne uhiversity, was found 
to consist of meta-torbernite. 

a.. Autunito -cao.2uo3 .• P205.lOH2 o 

Auttmite was a prominent constitutent of the rich shoot 
i'ormerly extracted :from the No. 6 workings (f'ig .• 4), but has not 
been i'.ound in the subseqµ6nt openings made at this locality., 
ex9ept f'or a vein about half an inch wide at the · outh end o:f' the 
sboote, on the 50 .ft. level., opposite the No. l winze.. rt has 
not been :found as yet in any of the other pros pee ts of the dis trio t., 
except for small amounts in vughs at the No .• 2 workines on Radium 
Ridge.. The autuni te occurred in small s earns (Fig. 5) intimately 
associated with torbernite., collo:f'orm manganese and limoni tic 
minerals., as a cement of a breccia·. The s earns contained numerous 
vughs and massive lemon-yellow to sulphilr-yellow plates,, up to l 
cm .. across, developed on the walls of the vughs.. The autunite 
has re:f'ractive indices between 1,550 and 1 .• 575, It is uniaxial, 
or very nearly so, and optically negative. In ultra-violet 
light it fluoresces a viv'id emerald green. 

An o.nalysis of selected material from the No. 6 
workings has been published by Hodge-Smith (J.926), and is as 
follows:-

cao 
MgO 
U30B 
P205 
H20 

Sp.Gr .• 

6.56 
0.26 

58 ... 85 
14 .• Bl) 
19 .• 60 

ioo. o7 

3 .• 198 
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This corresponds to the formula Ca0~2U03eP205olOH20. 

The Mt. Painter autunite appears to be isomorphous with 
the torbernite found there, and compositions intermediate between 
the two can be found. Th~ presence of copper in the mineral is 
indicated by the appearance of' a greenish tint, which becomes more 
intense as the copper cont.ent rises. This transition has been 
observed in a singlEi platy crystal, the core consisting of' yellow 
autunite, passing to cupriferous autunite at the margin, and has 
been confirmed by micro-chemical tests for calcium·and copper. 
The transition is marked by an increase in the refractive in~ex of 
the autunite. Rinne (1901) describes a similar relationship. 

rt is noticeable at l\1t. Painter that the autuni te is 
always slightly earlier than the associated cupriferous autunite 
or torb1;.:rnite, the Ja tter occurring in the centre of' vughs, while 
the autunite encrusts their margins. 

Torberni to (Cu0.2U03.P205o12H20) and Me ta-Torberni te ( CuO. P205. 
t3H20) 

Torbernite, or its dehydration product, meta-torbernite, 
is the most prevalent of the uranium minerals in the Mt. Painter 
prospects, being prtisent in all of them. Commonly it is the most 
abundant, and sometimes the only, uranium mineral, but in the No. 
2 workings on Radium Ridge, it is present only.as occasional flakt:is. 
An analysis of a hand-picked sample from the No. 6 working made by 
T. w. Dalwood, of the South Australian Mines Depertmont, is as 
follows~-

Si02 
Al203 
Fe2'.)3 
cao 
U03 
cuo 
P205 
H20 

1,,24% 
Q.,38 
Oo38 
0~06 

58002 
B .. 09 

14 .. 91 
17.04 

:1.COQ12 

This analysis corresponds to" a formula ouo,2uo3~P2 05 + 9iH20, and 
indic.q tes that the sample contained torberni te and me ta-torbern1 te 
in the proportions of 3 to 5. 

? Thf? two forms o~ torberni te are generally found in close 
associating in hand speciI:J.ens. Neither of them normally fluoresces, 
so that where fluorescence is detected it indicates the prt:isence of 
calcimn or some other uraniums alts (Meixner, 1930) on the s urfo.ce 
of the torbernite. A distinction between the two varieties of 
torbernite can only be made under the microscope. The torbernite 
has refractive indices between 1.58 to 1~59, and is strongly 
pleochroic from green to colourless. It has a good cleavage 
parallel to the platy faces of the crystals; and cleavage flakes 
appear almost isotropic, although they give a uniaxial figure of 
negative character. Flakes at right angles to the cleavage show 
blue polarization colours. · 

The meta-torbernite has a higher refractive index, 
between 1.62 and lv63, and cleavage fragments are practically 
isotropic. rt also has a slightly higher specific gravity. The 
meta-torbernite shows a weak uniaxial figure on cleavage plates, 
and is optically positive. Polarisation colours of fragments at 
righ-angles to the cleavage are a distinctive purple, a little 
bluer in colour than the colour of a gypsum plate. 

Th~ relationship of torbernite to meta-torbernite has 
been studied by Rinne (1901), Buch.J!l.olz ( 1903) and Hallimo~-:d (1920). 



R1.nne showed that torberni te readily transf'orms to 
meta-torbernite, losing 4 molecules of' water, on heating in air 
to 6o0 o.-65°c. Buchholz showed that the change could be brought 
about at room temperatures by keeping torbernite in a dessicator 
with concentrated sulphuric acid as a dehydrating reagent, for 
about 60 hours. Again the loss was equivalent to 4 molecules of 
water. Hallimond demonstrated that the torbernite could be con­
verted to rae ta-torbernite by heating to above 75°0. when immersed 
in water. The change aprs ars to be irreveirsible. 

Mt. Painter torbernite, whens tood on a water-bath t'~r 
one hour, immersed in distilled water, was found to have altered 
to meta-torbernite. When placed in a desicaator, over sulphuric 
acid, the chsnge was compJe ted ovE:Jrnight (20 hours) at ordinary 
room temperatures. 

These facts suggest that (l) the torbernite was f'ormed 
at low temperatures, less than 6ooc., and (2) that in the hot arid 
region whtire itoccurs it may undergo d0hydration to rneta-torbernite 
in surf'ace rocks.. Some of the torberni te appears to be in an inter­
mediate stage of transition to meta-torbernite, and shows 
anomalously high ref'ractive indices. There is also the possibil­
ity that some of' the meta-torbernite was originally deposited as 
such by solutions at temperfa tures above 65°-75°0. 

The torberni te and me ta-torberni te commonly occur as 
i'lakes along th6 joint planes and occasionally as small veins. 
rt also occurs in open spaces or vughs lined with goethite and 
pailomelane. Where it occurs in cavities, the torbernite plates 
often grow·· across the open space but do not completely fill it 1 
and smaller plates grow outwards f'rom the main platy crystals, 
forming a cellular structure (Fig. 6). 

In new exposures in the No. 6. vrorkiiJ.gs it was noticed 
that pJa tes of torbernite commonly occurred as a r,paint" on tha 
surface of fragments of' silicified gneiss (quartzite) embedded in 
the hematite breccia. They also occurred along .fractures in the 
siliceous rock, but ranely in the matrix of the breccia. Appar­
ently the surfaces of contact were a .factor in inf'luencing 
deposition. 

In the No. 3 1 No. 7 and Minerva Heights working, the 
nieta-torbernite oocurs in vugh.lil lined with epithermal quartz. 
An isolated instance of' such an association is stated by R. G .• 
Thomas to have been f'ound on the slopes of' Mt. Gee, and specimens 
from two prospects in the East Painter area, one on a bold outcrop 
of' epithermal q~artz about l mile west of East Painter Camp, and 
the other about three-quarters of a mile north of' Bentley Green­
wood rs prospect, show a similar association. In the specimens 
f'rom the former of these two prospects the quartz shows "nail-holes". 

In some specimens f'rom the Bentley Greenwood prospect, 
the torbernite occurs in small areas 2 to 3 mm. in width, dispersed 
through the ironstone. These small areas f'requently show euhedral 
outlinea, though consisting of' aggregates of' meta-torbernite, and 
they may represent an earlier mineral, possibly pyrite, that has 
been replaced. One section of ore from this prospect contains a 
vein, about 2 mm. wide / of' s condary quartz, intergrown in part 
with meta-torbernito, radiating prisms of' goethite and a little 
manganese oxide. Another section from this ore contains meta­
torbernite filling fractures through relatively f'resh microcline. 

The occurrence of' flakes of torbernite more or less 
.filling small pits, 2 to 3 mm. across, is also characteristic of' 
ore from the No. 1 and No .• 2 workings at East Painter. The pita 
are dispersed through massive hematite ironstone and are sometimes 
.filled with limonite, sometimes with ·torbernite and or lepidocrocite, 
·and sometimes with a boxwork of secondary miner~ls pseudomorphous 
af'ter the torbernite. Thei original .filling of thei pi ts would 
appear to have been pyrite. At the No .• 2 workings, East Painter., 
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a apedimen was o"tite.1ned in which the torbernite crystals oocurred 
in 'th!3' small vughs of a jasperoid quartz vain,· about 3 mm. wide; 
traversing such pitted ironstone~ 

A thin section from the No~ 2 workings on Radium Ridge 
(Mti Pninte~ Camp area) also enows meta-torbernite intergroWn. with 
secoridary quartz, indicating more or less contemporaneous deposit­
ion~ 

o • u;anophane - oao. 2t103 .2s103 ~ 7H2.b 

·.. , • · uranophane has b~en foUnd at the No. 2 an(:}· No. 6 
workings• At the No. 2 Workings; it is present oocasionally 
as rosettes of yellow radiating prisms, seldom more than 1 mm. 
longj re~ting upon the crystalline .faces of ,,quarts proje~ting into 
~ughs. The prisms are mostly bright yellow; but are sometim~s 
prownish yellow, particularly at their tips. 

Under the microscope, the thin acicular crystals are 
pleochroic from bright yqllow to colourless. Som6 prisms show 
low anomalous colours. The onratals arti biaxial and negatige, 
and have an extinction angle of 40...;50 in the prism axis.. The 
lowest refractive index is approximately 1.645, These characters 
identify the mineral as uranophane; and wh~n tested with HCl, 
the mineral dissolves readily in the cold, forming a solution 
which yields a strong posi ti \Te microcheniice.l test for ca lei um. 
The mineral also fluoresces green, and appears to be slightly 
radioactive. 

In thin s actions or ore from the No. 2 workings, a 
number of rosettes and bundlos of exceedinGlY thin, yellow, 
pleochroio (?) needles up to o.l I\lffit long, have been observed. 
embedded in quartz of evidently secondary origin. :These needles 
are pj:iesumed to be uranophane and; if so, indicnte. its contempor,.. 
aneity with the secondary quartz~ · 

At ·the No. 6 Workings, the urilnophane occµrs as an 
apparent alteration product of' weathered torberhitej as fine needles 
impregnating the bloe.ched torberni te, and as rosettes and clusters 
oi' minute needles coating adjacent joints· and cleavage planes. 
This specimt:.n·; is strongly radioactive, and tho uranophane 
fluoresces a vivid green. 

d. Hydrous Uranium Silicate, 

A. specimen of' quartz and hemn ti te preserved in the Mu;:ieum 
o'fl the South Australien Mines· Department friom the No. 2 Workings 
at Radium Ridge contains ·a yellow mineral which, though labelled 
(?) gummite, is a yellow uranium silicate. · 

This mineral is yellow and non-.flo11rescent, and forms 
radiating f'ibrous masses in vughs that are lined with projecting 
quartz crystals. When prised .free, the mineral is distinctly 
.fibrous and can be teased like asbestos fibre.· Mounted in oils, 
it appears sulphur yellow and is weakly pleochroic yellow to pale 
yellow. Its polarization colours are low, being chie f'ly blues. 
The r e frac ti ve index is close to 1.635, being slightly less in one. 
direction. It has straight extinction, but the optical character 
could not be determined. It dissolves with di.f.ficulty in acids 
and leaves an insul 1.ible residue of silica. The solution gives 
negative tests for lead and oopper. I~on appears to be present. 
A spectroscopic examination at the Maribyrnong .Defence Laboratory 
determined the maj.or elements to be uranium and silica, with 
strong traces o.f' lead and barium. 

Thei mineral somev1hnt resembles uranophane, but cannot 
at present be assigned to any known species of' uranium sil1.cate. 
It diff'ers f'rom uranophane in its relative insolubility and in its 
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slightly dlf i'aren t re frac ti ve index. 

~· GU?runite (chiefly uranium oxid6) 

, . At the No. 2 Workings, Radium Ridge, small areas of a 
yellow ochreo\ls mineral, Whic~ fluoresces green and ls moderately 
radioactive, are found coating cavities. The mineral ls crystalline, 
occurring as minute plates and pr isms. Mounted in oils, the prisms 
show pleochroism .from lemon yellow to nearly colourless, and are bi• 
rei'ringent with low polarise ti·on colours. ·Extine tion on the occas-
ional prisms appears to be straight. Crystal plates are practically 
isotropic; .but are tooamall to yield an interference figure. The 
re.fractive index of' the plates is greater than l.?40, and the bire­
frigeno·e is very low. 

The mineral is readily soluble in cold nitric acid without 
ef'!'ervescence t nnd yiel.ds good positive micirochemical tests .for 
uraniumj lead and phosphorus, but gives no test for calciumj copper 
or sulphate• rt was thought at first that the lEiad test was strong 
enough to indicate the presence of lesd as a major constituent of the 
mineral; and the mineral was provisionally reported as a lead uranimn 
ph.ospha te ~ possibly dewindi te (Mineragraphic Re port No. 315) ~ 

Subsequently a hand-picked sample; amounting to about 0.4 
grams, was analysed by Mr. F. D. Drews, of the Melbourne ore Dressing 
Laboratory, with the results shown below in Column No. 1. 

1. 2~ 3. 4~ 

U03 79~9 9lj.9 ?7.95 
UC2J£ 90 .. 7 
PbO , 2.4 2.8 st.tr. 5.28 
P205 o.9 l.O st.tre n.d., 
H20 ~ 3.9 4.5 4..,9 8.,90 

Insol. etc. .. J..l.l 3.9 s~'73 

100.2 100.2 99~5 l00.86 

Ji uranium oalcula .ted as uo2 to give a reasonable total. 

1. Gummite, No. 2 Workings, Radium Ridge, Mt. Painter. 
2. Same, recalcuJa ted free of insoluble. 
3. Gummite or uranium ochre, No. 2 Workings, Radiur.i. Ridge. 
4. Gummite, from Spruce Pine, North Carolina, for comparison 

(Ross, Henderson and Posnjak, 1931)~ 

This analysis indicates that the analysed mineral is 
probably related to the mineral gummite, which seems to have a some­
what variable composition. The phosphorus percen·tage is sufficient 
to suggest that the analysed specimen. is a mixture. In the absence 
of calcium and copper, it may be assumed that the impurity is not 
autunite or torbernite. The phosphorus is eith:.ir combined with 
uranium as a uranyl phosphate like phosphlirnnylite (U.02)3 .P209.6H2J, 
or \Vi th lead and uranium, as a le ad uranium phosphate, like dewindi te. 
3PbD.5U,3.2P205.12H20.. Dewindite from Chinkolobwe in the Belgian 
Congo contnins 24.85,& Pbl'.) and 10.14" P205, (Schoep, 1925), which is 
approximately the proportions in which PbO and P205 occur in the 
mineral under discussion. There is thus some suggestion that the 
analysed mineral is a mixture of uranium oxide and dewindite. 

This view i.s strengthened by the fact that a second sampl,e 
of about 0.4 grams, analysed by Mr. Drews, showed only trace~ of lead 
and phosphorous, although both could be detected with microchemical 
tests. The analysis of' this 'sample is shown in Column 3 above. 
The abundance of' uranium oxide in the srunple was such that it was 
necessary to calcuJa te it as U02 rather than U03 to obtain a total 
;approxj,ma ting to 100%. 



If it be assumed that tho phosphous ·1s combined orily with 
the uranium, then the.me.rked differences in lead content of the two 
samples is difficult to explain, excpet by assuming that they were 
formed at widly d.iffering times. 

A closely reJa ted uranium oxide mineral containing lead 
and phosphorus in detectable amounts occurred in small amount at tho 
No. 6 Wor~inejs, and was referred to by w. s. Chapman as gummite. 
Specimens from the Mines Department Museum, South ii:ustralia, show 
that it occurred as clots oi' a yellow ochreous character, without 
definite crystal form, anCl. intimately associated with torberni te. 
and autunite- Some of the torbernito occurs in small rings within 
the gummi te • · 

This mineral differs from the gummite of Radi~ Ridge in 
that it fails t.o fluoresce, and is not readily soluble in nitric acid, 
when it yields good positive tests for lead and phosphorus. Mounted 
in oils it resembles tho;;; gummite in that it shows i'aint.pleochroism 
in yellows, and has a low hiref'ringence, with a refractive index above 
1.740. It lacks the tEmdency towards cryste.l f'orm shown by the 
Radium Ridge mineral. Unfortunatc,ly, it is too intimately associated 
with torbernite to obtain a sufficient quantity of the pure mineral 
!'fr quan ti ta tive ehemical a,nalysts. Tho lead may be a breal~<lown 
product or an impurity._ rt pay be remarked that no trace of lead 
could be ob tained by microchemical tests on the adjacent torhernite 
an.d autuni te. 

Fergusonite 

fergus6nite (so-called) has been found in specimens from 
the No. 2·Workings,. where it occurs as scattered blabs, averaging 
about 5 to 6 nnn. across; of a dark,; moderately hard miner.al, with a 
brilliant vitreous to submetallic lustre on fractured surfaces. 
Internal reflections give it a· suggestion of' rE>ddish-brown colour. 
Its occurrence has Rlso been repcrted at: the Exploration lode, north­
east of Mt. Painter (Mining Review• s.A~i ~o~ 45i i927). 

The identity of' this minera..l is bas~d on the following 
c.hemical analysis by Chapman, quoted by H 0Y~L. Brown (1911), column l. 
A second analysis has been made by Kleeman (Mawson, l.944) column 2. 

1 2 

S102 6,.26 .. 
T102 o.43 
A1203 2.99 o.46 
Iron Oxide 
( calc. as FeO) 19,,41 21.75 

MnO o.4s 0.26 
MgO 0.13 Sl.tr. 
cao 4 .. 32 l.5b 
Th02 tr4 sl.tr. 
Ca203 1.76 0.29 
La203 eto. '."" 0.12 
Y203 ej:;c. 7.;08 3 .. 75 
:Nb205) 
Ta205) 

48008 51.11 

U309 1.20 8.64 
PbO o.66 
Sn02 tr. tr .• 
P205 
H20+ ~ 6.44 4.57 
H20- : 3.22 

98.15 98.76 
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1. Fergusoni te f'rom Radium Ridge. .Analysed by W. S,. 
Chapman. Sample selected as f'ree as possible 
f'rom associated siliceous matter. · 

2. Fe rgusoni te f'roni Radium Ridge. Analysed by A. W. 
Kleeman. Re-calculated f'ree f'rom 8i020 

The silica.and alumina in Chapman's analysis indicate 
the presence of' impurities in the analysed mBterial. The analysis 
shows marked dif'f'erences from f'ergusoni te proper. (as described in 
Dana system 6f' Mineralogy)r because there is too much iron and too 
little yttrium, erbium and cerium. It does not agree either with 
the analyses of' other hydrous niobates (and tantalates) such as 
yttrotantali te or saci1arski te, which contain more iron tha::i. is pres­
ent in' the Mt. Painter mineral. Kleeman's analysts shows con­
siderably less yttrium and much more urani'um; b~t is otherwise sim­
ilar. The diff'iculties attending such an analysis are great 9 and 
until further chemical data are available, the mineral cannot be 
determined accurately. ~eanwhile, the practice of rererring to 
it as fergusonite is continued. 

The identity of the f'ergusonite cannot be established 
by its appearance in either thin section or polished section, and 
depends. primarily on its appear.ance in the hand. specimen= .'Neither 
in thin or polished section does it appear homo:?eneuus. Yn thin 
section it consists of central isolated opaque areas surruunded by 
reddish-brown translucent areas.· In polished sections j_ t takes a 
good polish, and the central portions are greyish-white in colour, 
while the translucent areas of the thin section are, ty comparison, 
darker grey. The darker grey areas sofuetimes follow crack3 or 
surround inclusions, and are so intimately associated wjth the 
"islands" of' lighter gr'ey color, that they ar'e su gge sttve of' an 
alteration phasea Brow~ish-red internal reflections can ba seen 
which are much more intense in the marginal areas. It is clearly 
anisotropic, and it is ~nattached ty standard etching reagentss 
though it can te etched ty oold HF, or by a mixture cf ffii' and H2S04. 
The ref'lective power of the fergusonite is 100, bub is a little 
higher than that of magnetite. Occasional inclusions of' hematite, 
magnetite and quartz have been ob served in the f'ergu.soni te. It is 
not strongly radioactive, and does not fluoresce. 

The .pegmati tic granite or its modif'icat:L,-ms which con­
tain the uranium minerals consists essentially of g1;srLz and mi.cro-­
cline, sometimes assc~i8ted with pale mica-, Of-:•·'.'::~ ~:;egrr.atitic mj_n­
erals include monazi te, tourmaline, fl11c:o:'.. ts., occo.s:i r:-nal s:p~ti te and 
rutile. Psilomelane is associated with the abu~1dant hematite as 
well as a little magnetite, pyrite and occasional t~eces cf chalco-
pyri te. Goe thi te is sometimes prominentl,y associated with psilo-
melane. 

Within the ironstained material associated with the 
hematite outcrops, microcl·irie f'requently shows 00:1siderabJ_e re-
placement by iron oxide with a probable separation of quartz" It 
is uncertain,. however, how far this is due to simple weatheringo 

Mica is more prominent in the Smiler Greemv . .:;od and 
Bentley Greenwood prospects at East Painter than in the other pros­
pects nearer the main camp. This mica is pleochroic f'rcm ;e~e green 
to colourless and is distinguished fro~ torbernite by its bright 
pC>larisation coloursQ A spectroscopic examination or a crushed sam­
ple, rich in mica, failed to reveal more than a trace of' vanadium. 

·t Monazi te generally occurs as occasi 01}.al crystals up to 
1 mm. long scattered sparsely through all the- prospects t::~:d in peg-
mat.itic veins associated with themo It is, however, ahundantly dev-
elo·ped ip. places at the No.2 workings, where it occurs assooiated 
.with·martite and f'ergusonite. Here it is pinkish-brown in colour 
f'rom the. i;>resence of iron oxide along fractures and clee::'age, and scme 
hahd specimens c onsis.t of' perhaps 30% monazi te, in assooiation with 
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subo:ridinate quar.tz, scattered fergusonite .and abundant hematite. 
An amlysis of the monazite from this locality has been made by R·G~ 
Thomas~ and is quoted by Mawson (1944)• 

TourmalinB and apatite occtui in some abundance in several 
thin sections of the graniti$ed grieiss of the diamond drill cores 
obtained from the No. 6 workings. The tourmaline is pleochroio 
from greyish-brown to pink, and tends to form intergrowths ·.:i th the 
quartz, having evidently been introduced during the process of' gran­
itization (pegrnatitlzation) ~ Grnins of apatite are sometimes 1 l!lr.1. 
long. 

Small grains of purple fluorite have been observed in 
specimens from the East Painter prospects and also in ore from No• 3 
and No. 7 workings. rt ls reported by G•A• Greenwood to be a 
fra-quent associate of torbE:i:cnite in the various prospects throughout 
the district., 

Rutile has been ideritified somewhat dovotf'ully f'rom 
sections of the Bentley Greenwood prospect in minute yellowish­
green crystals, but obrervations on a polished surface appear to 
conf'irm it. 

In one specimen from the No. 3 workings, torbernite is 
associated with a zeolitic mineral, which has low birefrigence and 
a refractive index betwE;on 1.525 and lo530. rt dissolves in acid 
and yields a strong positive test for calcium, suggesting that it 
is a lime zeolite such as thomsonite~ 

In many instances, the abundant hematite contains traces 
of residual magnetite.; Magnetite inclusions have appeared, however, 
in mor6 than traces in one section .from the No. 5 workings where 
magnetite som0times forms more than half the, hematite cirystal>ceven 
though such crystals have the bladed form of hematite. Minute 
crystals of pyrite and, less often, chalcopyri,te, also occur as 
inclusions in hematite. 

Pyrite also occurs in scattered crystals, up to 3 mm. in 
width_. throughout the hematite at the No• 4 workings. . It is some-. 
times coated with an orange-yellow encrustation consisting of lepido~ 
crocite, the dimorphous form of goethite~ In some specimensj the 
pyrite is completely leached and .the cavities are filled with lepi-
docroci te, sometimes associated v1ith traces of' gypsum~ Well-formed 
peeudomorphs of limonite after pyrite are plentiful in spocimens f'rom 
the Smiler Greenwood prospect at East Painter •. 

Psilomelane occurs at most of the· prospects, but is most 
strongly developed at the No. 6 workings and No. 7 workings (Fig.6.) 
At these localities and at Minerva Heights it forms botryoic;lal encrus-
tations and seams cementing together fragments of breccia~ A 
polished section o.f the manganese oxide at the Noo 6 workings shows 
fragments or qll8.rtz, hematite and limonite comented by seams of 
psilomelane, which shows a banded colloform structure parallel to 
the margin of the rock f'ragments.. The mar§inal layers of' psilomelane 
contain numerous thin, columnar, anisotropic prisms of' pyroluslte, 
set at right-angles to the walls or the vein. succeeding bands 
are less dehydrated, containing only minute prisms or pyrolusite. 
The central portion of one seam is occupied by a lay-e1• of green 
torbe rni te • 

Goethite or Needle-ironstone (Fe203.H20)has been detected 
in the Nos .• 2,6,'7 Minerva Heights at Mt.Painter camp, and at the 
Bentley Greenwood and No,.5 prospects at East Painter. The best 
specimens come from the No. ? workings, where goa thi te forms part o:f 
the cement in a zone of.brecciated granite or pegmatite (Fig. 7). 
It occurs as a layer, 2-3 mm. wide, of' i'1-ne columnar, dark-lirown 
prisms on the. surf'ace o.f' the brecciated .fragments, and is encrusted 
with a layer of about the same thiclmess o.f psilomelane. ~he 
occurrence e.t Minerva Heights is similar. At the outcrop of the No. 
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5 prospect1 .. East Painter,. torbernite occurs in cavities lined with 
stalactitio goethite,. ih a quartzite brf;Jccia. 

Goethi.te is easily distinguished :from the psilomelane by 
its brown oolour •-, Uni;:ler the microscope it is a transparent. brown1 
weakly pleochroic-f'rom deep brown to yellow-brown, w+th straight 
extinction. It has a refractive index well above 1~740D When 
crushed, it y'11llds an ochreous yellow powder, soluble in hot HCl~ 
The solution gives an overwhelmingly strong test f'or iron, a weak 
test f'or phosphate, and a negative test for manganese~ 

Goethite he.s been observed in thins ections f'rom the No. 
6 workings as small Clusters of' radiating brownish-yerilow prisms which 
project f'rom areas of' hematite and manganese oxide. ;'A similar· 
occurrence was observed in thin seictions f'rom tbe No• 2 workingsj 
where the · goethi tG pr isms f'ringe ·areas of' hematite intergrown with 
quartz .... In Bentley Greenwood's prospect, the goethite hes been 
detected in a vein of' socondery quantz through granitic rock, and 
numerous small prisms of goethite project f'rom the walls of' the vein 
into the quartz, which is associated with meta-torbernite and 
manganese oxide. In tho No. 5 workings at East Painter, the goethite 
f'orms SIT.all_ stalactites projecting into vughs •. 

Lepidocrooi te (Rubinglimmer) (Fe203.H20) I a dimorphous 
form of' goethite, occurs as an alteration product of' pyrite at the 
No ... 4 workings. It occurs as an orance-yellow powder v1ith adn:mm-
tine lustre, consisting of' mihute crystalline plates which are trans­
parent,. have a ref'ractive index w.:::11 above 1.74, and arl:l doubly 
ref'racting. Its colour and appearance simulate that of' the 
uranium ochreous minerals,. nnd it has been distinguished by its f'orm 
and by a partial chemical analysis on 0.02 gm., which gave 85.1%' Fe· 
203. Similar lepidocrocite occurs at the.No.land No. 2 prospects 
at East Painter, wherE> it is sometimes coated with torbernite. · 

4 ~ WEATHERIUG OF i.rORBERlHTE. 

Torbernite is :frequently resistant to weathering and may 
occur in the soil as 11 f'loa tars" in the neighbourhood of' outcrops. 
Nevertheless,_ specimens of' torbeJ'.'nite . obtained within a f'trn f'eet of 
the surf' ace from a wall of t.he open cut at the No• 6 workings, show 
that under the conditions ot weath0ring prevailing at that locality~ 
copper and uranium are being le ached out of' the torberni te, leaving 
a residue of calcium phosphate (?cellophane); .. The uranium is being 
redeposited in the im:rnedia te vicinity of' the torbernite crystals as 
the calcium uranium silicate .uranophane. ·Tho copper is partly re­
precipi tated as copper oxide in limoni te associated with the uranophane 
and is partly removed in solution f'rom the immediate vicinity. 

The torbe rni te occurs as rectangular platy crystals, which 
occasionally have dimensions as large as 5. 0 x 10.0 mm-. The leach-
ing out· o:f the copper and uranium proceeds fror.1 the mare:;in inwards, 
giving rise to a white marginal zone of calcium phosphato enclosing 

·an irregular core of' ps.rtly altered or 'unaltered torbernite (Fig. 8) •. 

The leached white margins of the pJ.ates are conu;iOLly 
impregnated with microscopic needles of' uranophane, distinguishable 
under the nicroscope at high powers by their f'orm and optical proper-
ties. Occasionol f'ravnan ts of' the white rims were obtained, however, 
which appeared to be almost f'ree from impurities. The material so 
obtained was colourless and isotropic, with a refractive index o:f 
1. 575:! o. 002 •- It i~ a lowly soluble in nitric and hydrochloric aoids ~· 
and yields strong positive tests .for calcium and phosphorus, and 
weaker tests .for copper and iron. These t_ests, in cornjunction 
with the optical properties; suggest that the material is the calcium 
phosphate, col]q:>hane. This identif'ice.tion must be accepted with 
resorve, since the calcium may have been derived from needles o.f 
uranophane included in the material tested, while the phosphorus 
might conceivably come from included or completely altered torberni te. 
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Surrounding the torbernite c~ystals are areas up to seve:ral 
centrimetres _across, which are coated with films of brown, cupt'iferous 
limoni te and minute rosettes of' acicular ne.::idles of' uranophane • The 
uranophane is.r6adily identif'ied by its needle-like form,· its sulphur­
ye llow colour; strong pl6 ochroism and aniso:tropism, and refrac.: ti ve 
index. rt c;ives a strong positive test for calcium, and f'luo:resces 
a yellowish-green under ultra-voile t light• Much of' the uranophane 
has developed on the surface o.f the cupriferous limonite. This 
limonite, wnen partly dissolved in acids; yields moderatE1ly strong 
tests i'or copper and iron. In places, the i'ra[?!lents tested showed 
colloform banding• 

It seems likely that the alteration of' the torbernite was 
caused by surfoce so:)..utions containing calcium sulphate and silica. 
The copper and uranium of the torbernite appear to have been replaced 
by calcium and moved away in the form of' copper and uranium sulphates. 
The phosph[:te :oi' the torbernite romained in place. The uranium was 
reprecipit~ted in conjunction with calcitun and silica as uranophane 
almost immediately, and some of' the copper wa~ thrown down as oxide 
intermixed with iron ox~de. Part of the copper may, however, havo 
escaped in solution, probably as copper sulphate. The absence of' 
copper carbonates or other carbona~e minerals· indicates t~at the 
waters causing the leaching were fr_eEJ from carbonate, and there are 
no adjacent rocks which could be regarded as a likely source of' 
chlorine~ Sulphates might be expected, however, in view of' tho 
liklihood of the previous existence o:f abundant gypsum associated. 
with tho epithermal quartz deposit cu~tred about Mt. Gee, and f'rom 
the presence of' occasional pyrite crystals . in the urF.J.nium ere s ~ 
I'he unusual nature of this alteration may be due partly to the . 
presence of' lime in the torbernite and partly duEi to :!.ts situation. 
Water slowly prircolating down the wall or joint plane would subject 
this tor berni te to a more sus tairn~d attack thaI?- torherni te e]Cposed 
at the surface or .in the soil of this arid region~ 

At Smiler Greenvrnod 's prospect in East Painter, the 
torbernito is largely roplaced by a brovmish min~ral that encrusts 
the torbernite and the surrounding rock, possibly filling spaceis i'rom 
which torbernite has been leached. The torbornite is chief'ly meta-
torbernite, its peculiar blue polarisation oolours indicating only 
partial dehydration. The mineral replacing it gives stron§; positive 
tests f'or phosphorus and iron, but no copper or uranium, and only a 
little calcium. 

5. BOXWORK STRUCTGRES. 

At a number of the outcrops, particularly in .the East 
Painter section of the field, the occurrence o.f torbernite is assoc­
iated with distinctive boxwork structure~ (Fig. 9). The torbernite 
in these prospects conunonly occurs as a filling in sm~ll cavities, 
presumably yoids formed by the solution of' pyrite crystals. The 
torbernite 1'requently occurs in the form o:f a boxwork, and in many 
instances, vrhere the torbernite has been leached away, a boxwork 
structure remains which appears to be diagnostic of the fonner 
presence oi'torbernite .. · 

Those boxv1orks are formed of a variety Qf mineral substan­
ces, including calcium phosphate, iron phasphate, gypsum, w_ith or 
without siliceous material, and sometimes limonitic :material. It is 
not certain whether these substances represent a· weathering product of' 
the original torbernite, or were:. deposited e.s coatings on plates of' 
torbdrnite,arr::.'.L[~Od in a bo1:v10I'.};:, and subsequ~ntly, leached out, 
leaving thEi more insoluble coating substance to form a psCJudomorphio 
boxwork s true ture after the original tor.berni te. Thus, in the box­
works f'igure9. (Fig. 9), some f'lakes of torbornite remain, sandwiched 
between the plates that form the boxwork, SU['..gesting the second mode 
of origin. ·Where the boxwork consists of a phosphate mineral, there 
is a suggestion that the phosphate is rE;sidual from original torbernite, 
tho copper and uranium of which have departed in the solutions that 
brought in the iron or lime of the phosphate mineral. 
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In the boxwork i'igured, the ca vi ties be tween the boxwork 
plates have been i'illed with lepidocrocite, and in a number of other 
specimens, chiei'ly i'rom the No. 2 workings at East Painter, the 
cavities conti;l.ining torbernite are also encrusted with "pustular" 
lepidoorocite• In some instances, the torbernite plates wrap round 
a small body of limonite or lepidocrocite. Other cavities are 
coated with a i'ilm of' bluish substance which appears to bevivianite. 
In one specimen which contains no boxworks and only a trace of 
torbernite, there are a number of limonite pseudomorphs af'ter 
small idiomorphic crystals of pyrite, and where these pseudomorphs 
have f'allen out of the surface the resulting cavities closely 
resemble those in which the ~orbernite occurs. 

Crystals of' py~ite, about 1 to 2 mm~ across, only partly 
replaced by ledidocroci te 7 were f'ound in another specimen" Numero­
us cavities were also present from which the wite had been complet­
ely leached, leaving only a encrustation of' lepidoorooite. A few 
of these cavities contained a little boxwork suggestive of the 
former presence of torbernite, while in two other specimens of 
massive hematite from the.same locality (No. 2 prospect; East 
Painter), a number of' cavities whose form suggests the previous 
presence of pyrite crystals were lined or partly filled vrith torber­
nite. 

It is apparent from these specimens that they previously 
contained rather more torbernite than is now visible, and the 
presence of' boxworks without torbernite can be regarded as evidence 
of previous presence of torbernite~ Cavities with only an encrus­
tation of lepidocrocite (limonite) occurring as minute globules or 
pustules indicate only the foI'mer presence of pyrite. 

6G ORIGtN OF.TH~ URANIUM MINERALS. 

With only one exce.>ption (possiqly two), the uranium­
bearing mirierals so far discovered at Mto Painter are undoubtedly 
secondary minerals. The'evidencef'or·this is partly their mode 
of occurrence, and pa rtly their character. 

The torbernite occurs at almost every prospect as thin 
plates along joint planes. It occurs in vughs and open spaces 
that are coated with encrustations, sometimes stalactitio; of 
goethite and psilomelane (Figs. 6, 7)a rt is sometimes inter.:.. 
grown with ps1lomelanep and is occasionally f'ound in vughs encrust~ 
ing projecting crystals of' quartz. Elsewhere i:~; is found as a 
"paint" or thin flakes lining fractures and joints o 

Autunite, which is more restricted in its distribution 
than torbernite, occurs at the No. 6 workings in veins associated 
with psilomelane; it also occurs in small amounts in vughs at the 
No. 2 workings, Radium Ridge. 

Uranophane is found encrusting joint planes as an alter­
a:i.tion product of torbernite, ahd possibly autunite, at the No. 6 
workings, and at the No. 2 workings, Radium Ridge, it rests on 
projecting quartz crystals in vughs. 

The gummite at the No. 2 workings also occurs as encrust~---
ation in cavities, and that at the No. 6 workings is int1matel¥ ~ 
associated with torbernite. 

It is evident, moreover, that these uranium minerals must 
have been deposited at low temperature from· watery solutions. 
Not only, are they all hydrated minerals, but torbernite is a low 
temperature mineral that inverts a meta-torbernite at 600 to 5500. 
The dehydration is readily brought about at room temperature 
(2o0 o.) in a dessioator over sulphuric acid, and it takes place 
under water at 750('. In view of th0 ease with which the change 
oan be brought about, it is thought that the frequent oocurrenoe 
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pf meta-torbernitej in exposed or sur.fade specimens from Mt• 
Painter, is due to qehydra ti on in the d. ry hot climate that pre­
vails there in the summ~r. 

. . 

Tpe fact that ~uoh of the torbernite remains unchanged, 
part1oularly in spec·in.i.Eina .from the No• •5 undt:irground workings, 
indicates that the iiiin'er'als were depositeq .from cold .or only 
warm w&ter solutions~. ··The t'act that" the torbernite erystals 
only partly .fil~ so,mi;,:i, ~aid,. ties, wh:llfl extending right across them, 
ia .further prooi' o:f the watery charac tet o:t' the • solutions i'rom 
which it was depositedj as.is the stalactitic character on some 
of.the associated ~oethite~ 

All these facts establish that the uranium minerals are 
secondary minerai'ts ~ deposited frorn supergen~ · s,aiutions. Certain 
features oi' the deposits suggest, however, that; they are ~ot . 
alt~gether the simple 'oxidation prooucts of primary 'llr'anium miner~ 
als. 

. The occurrence o:f the torberni te in vughs in epi thermal 
qun~ pJK>ves that some, if' nc:;>t.all, of' it was.depositedaf'ter or 
during the depo~ition c:;>f' the epithermal quartz which is so abundant 
in thEi districtl At the Bent1ey Greenwood p:(ospect, and at tlJ.€1 
No. 2 prospect !:it Ea.et Painter, i:ipecimens were optained which ·were 
traversed by veinlets of secondary quartz containing goethite, and 
meta-torbernite •. Anotqer spscimen'f'rom the Bentley Greenwood 
prospectt in thin section shoi/red meta-torbernite .filling :fractures 
though relatively,fresh miorocline. These ocicurrenoes suggest· 
that ·the torbernite ahd 'f1he epithermal quartz were deposited'f'rom 
the same solutions~ - The occurr.ence of'--minute rosettes o.f presµmed 
urru;t0phane ~mbedded in quart~ at t:Q,e No. 2 w9rkings, Radium Ridge, 
suggests a similar relation for this mineral~ 

A second f'eature opposed to the interpretation of the' 
torbornite as .a .simple produet of oxidhtiop is the f'act that torber­
nite, though a relatively ipsoluble-mineral; does not res:st attack 
by supargene waters, and in one 1nstahca at least such attack h~s 
led to the ?eparation of' the tnree ohie£ constituents of' the .torber" 
nite, namely, uranium, copper and phosphorus. The ooourrence of' 
torbernite weathering in this way at the No .. 6 workings may be 
eXCept,ion~l, but it suggE!S ts - that SUr:face solutions could UOt be 
expeoted to bring about a concentration of these elements, suc.h as 
was necessary to :form an ore shoot, unless they were previously 
of' a dii'i'erent composition f'rom t,hose now in exis tenoe. 

Thirdly, it is a .feature ot: the specimens of' the rich 
No. 6 ore, preserved in the various museilm collections examined, 
that the autuni te was al way~ deposited before the torberni te. Ii' 
the deposition was :from surface waters only, ·it might be expected 

·that some variation ~ri the proportions of' lime a.nd copper associat­
ed vvi th the phosphorus and u.ranium would oocur from time to time, 
leading to occasional reve~scils o.f this state of' ~f'f'airs; but, 
so far as can be a·~certa:I,ned, this did not occur. 

Fourthly, the. impression is gaine9. that the uranium 
prospects bear a spatial relat.ionship to the wide E;trea 9f' epither­
mal quartz centring about Mt. Gee, arid have a pronounced tendency 
to occur in f'avourable structures at po in ts around the margin of' 
this area. · 

These va:rioµs features suggest as an alternative explan­
E1.tion of tpe origin of these secondary uraniilm deposits that the 
uranium was leeched .from pr.:t,mary \U'anium minerals associated wittl 
the peg:rp.a ti tic granite by the epi.thermal solutions that gave ris~ 
to the wide- sp:read "nailhole" quartz, and thf:tt as these soll,1.tions 
migrated outwards f'rom :their point of origin, depositing their 
silica content, tpey transported the uranium to favourable struct­
ures about the margin of the area of' .quartz deposition. 
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The only uranium~bearin~ mineral yet discovered on 
the rield that is clearly a primary mineral is the so-called 
f'ergusoni te at the No. 2 workings, RAdi um Ridge. Tantall1m 
minerals of' this general character. are primary products of' 
pegm.atites, and so is the abundant monazite with which the 
f'ergusoni te is associated. Whether the hematite with .t.hem 
is also primary is uncertain. Some of' it probably is, be­
cause some of' it contains minute inclusions of' magnetite, 
and has a crystal :form sugpestive of' original magnetite 
grains. It is thus a normal alteration of' magnetite, or it 
may have been c9hverted to hematite by the action of' the 
epithermal solutions that gave rise to the v~ghy quartz •. so 
closely associated with it at the No.2 workings. Some of' 
the hematite was recrystallized when the quartz was intro­
duced becaus8 :fine crystals of' hematite :form encrustations 
in the centre of' some of' the small vughs in the quartz. 

It seems unlikely~ however, that the f'ergusonite 
is the only or the chief' prima;-y uranium mineral, because 
it appears so stable, and so little altered in the presence 
of' tne secondary uranium silicates and phosphates. More­
over, there are oxidised patches in the No.2 ore which are 
strongly radioactive, and which consist of limoni~e and 
ochreous minerals, including gummite, which evidently repre­
sent the breakdown products of' a pre-existing mineral. 
Further, Mawson ( 1944) records the presence of' sm3ll grains 
of a strongly raqioactive black mineral dispersed through 
the pegmatitic granite, and Broughton (1925) records the· 
occurrence at one locality. of' radioactive.ilmenite contain-

• ing up to 3.7% U30s, though this could not be conf'irmed dur­
ing the present survey. 

Another reason ror thinking that there are, or 
were, as yet ~ndiscovered primary uranium minerals such as 
uranini te is the varying proportion or lead. in the secondary 
uranium minerals. Ir this lead is simply the breakdown 
product o~ the uranium in these secondary minerals~ formed 
~ince their f'ormation, then the lead-uranium ratio should 
be constant ~or all the mineralo if' they were f'ormed con­
temporaneously. Actually the lead-uranium ratios vary 
within wide limits. 

· The one primary mineral~ the fergusonite, f'rom 
Kleeman' s analysis (quoted on p.14) contains 8" fl4% U30sand 
0.66% PbO. A further partial analysis by Kleeman (pers. 
comm.) on another carefully purif'ied sample, gave 10.6% 
U309 and 0.72% PbO. Assuming that the lead is all de­
rived from the radioactive disintegration of the uranium, 
thi.s sugp:ests that the primary mineralisation occurred dur­
ing the early Palaeozoic or the late Pre-Cambrian. 

Lead is not readily detectable in the torbernite 
and autunite by microchemical means, despite the sensitiv­
ity of' such tests, which are .capable of' detecting lead in 
concentrations as small as 0.0027 gm. Pb per 100 c.c., i.e., 
about 3 micrograms of' Pb in a drop of' 0.1 c.c. volume; 
When, however, samples of' 0.25 gm. or torbernite and aut­
unite from the No.6 Workines were dissolved in 1 c.c. of' 
oono. HN03, evaporate to dryness and taken up in 1 coo. 
water, they yielded a faint positive test for lead iodide, 
but on diluting to 2 c.c. no positive test could be ob­
tained. This indicates that the Pb content of' the torb-
ernite and eutunite is of' the order or 0.01%. So low a 
lead content indicates that these minerals are of' late 
Cairiozoic a£!©. 
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Quantitative determinations of the lead content 
ot:' two selected specimens of' tiJrberni te, ~ne .with.-&ssboil!lted 
autunite from the No.6 Workings at Mt. Painter, the other 
'f'rom East Painter, were made by ~.w. Dalwood, with the foll­
owine results:-

Mt. Painter specimen - Uranium 44.75%, lead not 
. detected (less than 0.0001%); 

Eeret P~inte r specimen - Uranium 46. 76%, lead o. 045%. 

These results indicate not only that the torbernite is geo­
logically young, but also that the torbernite in different 
deposits and even withiti a p8rticular deposit has been 
formed at different times. 

Jin analysed sample of' "gummi te" from the No. 2 Work­
ings at Radium Ridge, carrying 92% U03, contained 2.6% Pb, 
whereas another analysed specimen f'rom the same locality, 
which contained 90% U02, yielded only a .trace of' Pb., though 
su'f'f'icient to detect in the course or an ordinary micro-
chemicel test on a f'ew grains of' the substance. Gummite 
t'roi:1 the No. 6 Workings gives an equally strong test. f'or lead 
when a f'ew minute grains are dissolved, whereAs a comparable 
test with torbernite intimately associated with it gives a 
negative result~ 

The high lead content o~ the one analysed specimen 
of' gummitc f'rom the No.2 Workings may be caused by inter­
mixed lead. uranium phosphate, dewindite. Even so, dewindite 
itsel'f' is a secondary mineral, which could not have been de­
rived from the apparently lead-f'ree autunite and torbernite, 
and must theref'ore have been derived either from a primary 
uranium mineral, or the lead must have come f'rom some other 
lead mineral~ such RS ~alena, of which no trnce has been 
f'ound. 

'1. · CONCLUSION. 

The conclusion arrived at is, there'f'ore, that dur­
in+;. the early Palaeozoic or the Pre-Cambrian one or more 
primary uranium minerals, such as uraninite, was introduced 
into the area, along with rergusonite an~ monazite, at the 
time of' the intrusion of' the pegmatitic granite, partly as 
a dissemination through the pegmatitic granite, and pnrtly 
perhaps in local concentrntions. 

Sqbsequently, these primary minerals were sub­
jected to weathering, and reconcentration as oocondary min­
er~ls~ chief'ly phosphntes, either by surf'ace waters or 
possibly in conjunction with the introduction of' the sil­
iceous calcium sulphP.te waters that gave rise to the low­
temperature, epitherrnal gypsum-quartz deposits cente:!ipg 
on Mt. Gee. The phosphorus was probably obtained f'rom the 
sai:;ne general source in view of' the presence of' primary 
phosphate minerais, monazite and apatite, in the pegmat-

· itic granite, and in the granitized schists. Some barium, 
f'luorine and, manganese were presumably present i.n the iiaters, 
an4 were d~posited.locally as barite and f'luorite, generally 
associated 'with. the epith~rmal qua:rtz' the f'luori te of' ten 
in. small amounts with the phosphates. The copper may have 
bee·n derived .f'rom the chalcopyri te associated with the pre­
~xisting mae-netite, and where locally the uranium railed, 
the copper w~s q~posited as turquoise. 
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The siiiceous solutions may represent th~ f'inal 
residuum of' the pegmatitic nagma or they may be much young­
er solutions, developing after a long period of' erpsion 
had lowered the surf'rice of' the land to· about the l'evel of' 
the tops of' the present ridees. ,In the f'irst case, the 
associB.ti8n of' the epi thermal quartz with the secondary 
uranium minerals is f'ortuitous, and the minerals are of' 
simple supereene oriein. If', however, the secondary uran­
ium minerals werf3 re-precipitated f'rom the siliceous sol­
uti'Jns, the solutions must be ycllng on account of' the low 
lend content of' the t::>rbernite and nlltunite. Th~s is in 
keeping with the epithermal.character of' the quartz which 
otherwise c,'Juld. scarcely have escaped erosion in the long 
period since the early Palaeozoic or the Pre-Cambrian. 

The variable lead-llranium ~o.tio shown by ditf'er­
ent specimens of' torbernite indicate~ that the torberhite in 
dif'f'erent deposits, and even within a sinele deposit, has 
been rormed at dif'r~rent times, so that ·at most, only a 
part or the torbernite could have been deposited from the 
epi thermal solutions~ The remainder or the torberni te 
(and.perhaps all of' it) must be attributed to the work of' 
supergene solutions~ 

The localised concentr8tL:m oi' the secondary 
uranium minerals sugpests that they were not moved f'ar from 
their primary source; oth.Jrwise El wider dissemination 
throue:h the area or epi thermal quRrtz would be expected~, 
The possibility cannot be overlooked thPt the present o~e­
bodies are below the basa or the ori£inal primary ore. 
It is perhnps sipnif'icant that the only ri.ch ore...:body so 
faraiscovered consisted dominantly of' eutunite, whereas 
all other prospects are characterised by the more widely 
disseminated torbernite. 
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10. LIST OF ILLU8TR..1IION§. 

Fig.1. Cluster of' "nail-hole" quartz growths showihg 
diamond-shaped cross sections of' "nail;.:.holes". Radium 
Ridge.. X 2/3~ . 

Fig. 2. 
central 
1nation 
Natural 

"Nail-hole" quartz 1 showing radial .growth about 
prismatic cavity, with "arrowhead" re-entrant term-
sug~estive of' pypsum prisms. Radium Ridge. 
size. 

Fig~3. Typical "na11-hole" quartz cluster showing diamond-
shaped cross sectiohs of' "nail-holes"• Radium Ridge~ X !. 

Fig.4,, Side view of above specimen. 

Fig. 5A. ·Seam of' au tuni te showing o.utuni te crystals pro-
jecting into a vugh. Sample f'rom original shoot, No.6 
Workings. Natural size. 

Fig~5B. Top surrace of' above. x 2/3. 

Fig.6. Platy crystals of' torbernite projecting in a v~gh 
lined with psilomelane. 1\ "paint" of' torberni te crystals 
occur on a joint surface in the upper hvlr or the photo-
graph~ No.6 workings. x 1~. 

' 
Fig'~7. Goethite which o-0curs intimately associated with 
.torberni te~ No. 7 Workings. X 8. 

Fig. ti. Weathered torberni te showing white rim or. calcium 
phosphate surrounding a core of' little altered torbernite. 
From an exposed wall in the No. 6 sur.f'ace w.orkings. 

Fig·. 9. · Boxwork structure af'ter t'.:lrberni te. The torberni te 
occurred as plAtes across a void. These plates are re~ 
piac.ed by a non-phosphnte mineral, while lepidocroci te and 
limonite have been deposited in the interstices. X 10. 
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Fi g . 2 . 
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Cluster of 11nail-hole 11 quartz growths, shov1ing 
diamond-shaped cross s ections of "nail-holes". 
Radium Ridge. X 2/3 

"Nail-hole" quartz, showing radial growth about 
centra l prismatic cavity, with "arrowhead " 
r e - entrant t e rmination sugge sti~e of gypsum 
prisms. Rad iµm Ridge . · Natura l siz e . 
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Typ~c al hnail-hole 11 quartz cluster showing 
diamonr1-RhRDed cros s sections of "nailholes 11 • 

Radium Ridge. x ~ 

Side view of above specimen. 3 x "i" 
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Fig. 5A 

Fig. 5B. 

2"" 1 

8eam of autunite, showing -crystals of autunite 
projeeting into a vugh. Sample from original 
shoot, No. 6 workings. Natural size. 

Top surface of above. x 2/3 



Fi g . 7. 

Pl ~ty ~rystals of terbernite projecting into a 
vugh lined with psilomelane (opening). 

A 11 paint 11 of torbernite crystals occurs on a 
j oint surface in the upper half of the photo.X li. 

Specimen from No. 6 workings. 

Goethite which occurs ifiltimately associated 
with torbernite. No. 7 workings . X 8. 



.Fig . 8. 

Fig . 9, 

Weathered torbernite showing white rim of 
calcium phosphate surrounding a core of 
11 ttle altered torberni te • No• 6 workings 
at surface. X 8• 

Boxwork s true ture after torberni te. The torbeirni te 
occurred as plates across a void. These plates 
are now r e placed by an iron phosphate mineral, 
while l e p locrocite and limonite have been 
deposited in the interstices. X 10. 
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The following.plans accompany this report:­

I 
I 

Mount Painter Area Landform·Analysis. 
River Capture by Yudnamutana Creek. 

Plan 3210, Sheet No. 4.3• 

Mt. Painter Area Geological Reconnaia&­
an<ie Maps. 

N-S Section Across 45a and c. 
N.E. Flinders Ranges; sketcp Geolog­

ical Reconnaissance Map and N-8 
Sec ti on. 

2. INTRODUCTION. 

Plan 

Plan 
Plan 
Plan 
Plan 
Plan 

Plan 

3287, Sheet No. 44. 

3288~ Sheet No. 45a. 
3289, Sheet No.45b. 
3290, Sheet No. 45c. 
3291, Sheet No.45d. 
3292, Sheet No. 46a. 

3294, Sheet No.47. 

Prior to 194l~ the Mount Painter locality had not 
been examined systematically. The terrain is extremely 
rugged and until recently was only traversed on f'oot with 
pack camels. 

Copper, uranium, corundum, gold and bismuth had 
each been mined on a small scale within the area and the 
records of the nature and extent of' the various deposits 
were very f'ragmontary. The several geologists who had 
visited the region had collected as much information con­
cerning the rock series, mineral occurrences and geologic­
al structure as time and the limited transport facilities 
would allow. ' 

The 1944-45 search for uranium minerals made it 
necessary to undertake a more detailed methodical geolog­
ical survey over an area of' approximately 140 square miles. 

3. THE ORGANIZATION AND SCOPE OF THE WORK. 

Field work was carried out between October 19 and 
December 18 9 1944. 

From aerial photographs taken by the R.A.A.F., 
Port Pirie a provisional photomap in 4 sheets was compiled 
by· the Army Survey Directorate, Melbourne, on a scale of 
approximately 1,200 f'eet t0 one inch as a basis for mapping 
and location of roads. It was prepared without ref'ercnce 
to ground survey stations by the Australian Army Survey 
Directorate. The photomap and prints of' the photographs 
were used for guidance ·1n the field and for the recording 
of' geological data. 
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Two· parties,· under the direction. of' C1 ~Te S-q..lli van 
and R. C. Sprigg res pee ti vely, were formed ei.nd-.w.orkede indep-
endently in the field? Sullivan, assisted by DoEQ Gardner, 
undertook the geological mapping of the eastern half' of' the 
area and Sprigg, assisted by H.J. Ward., mapped the western · 
portion. 

In ad.di ti on to the reconnaissance work Su:tli van 
and Gardner carried out detailed mapping using enlarged 
aerial photogra~hs (approximate scale :::: 600 f'eet to an inch) 
of an area of 32 sqi..1are miles in the vtcini ty of' Greenwood's 
Camp where a number of large ironstone outcrops were sit­
uated. 

The objec~ives of the reconnaissance work were 
threefold~ 

·1:. To delineate the. area containing known urani:fero~1s 
deposits and those likely to contain other deposits. 

2. To map any large scale geological f'eatures which 
might form loci f'or possible urariiurn deposi 1:;:3 a.nd to 
make reasonably certain that, in so far as. reconn­
aissanoe work perml t ted, no le.rge uranium de::;_-:1si ta 
were overlookedft 

3. To note the general geological f'eati..<res of' the area. 

The results of' the reconnaisse.nce survey are pre­
sented as f'our geological plans (with section) on n scale 
of' 20 chains to one inch (Plans 3288? 3289, 3290~ 3291, 
3292, Sheets 45a, 45b~ 45c 9 45d~ 4Ga). The plans were pre-
pared ::iy Mro A4 C. Booth of' thee;'':;,c;c:,~ .. ::'.:: ·:._,,;:··'., o:..' :c':erior 
whose report on the compilation rnethod.s used. appea:'s else-
where in this bulletin,. Geological inf'.o::...,1Tation e.nd inter-
pretations were marked. on aerial photogr8pbs ancl .eopied 
together with the topographic deto.il by Mr~ Booth on to the 
final plans. Considerably more detail was cc}lected than 
is reproduced on the plans. A number of' geolcgical bound-
aries were dif':ficult to de1ineate on accoG11t o.f the com­
plexity of' mineral associations and variety of' rock types, 
but these difficulties are described f\:illy in t!1e text., · 

To relate the more complex geologtcal f'eatures 
of' the Mount Painter region with those of' tte sur:r."ounding 
areas lying chiefly to the south and west~ a geoJ.ogical 
reconnaissance sketch plan (Plan 3294) was prepared ~rom 
geological traverses at v1idespread in terva::'..s. Addi ti on al 
in:formation was obtained :from aerial phot;ogro.phs taken 
at 20,000 f'eet altitude by the Royal Imstralian Air Force 
Trimetrograph survey Corps~ 

4. CLIMA~E,. RAINFALL, YEGE'l1A'I1 I_~Ll~P-... J?.:.~UNA., 

The climate is semi-arid With a wide annual 
range in temperature and a low rainfc.J.l less than W inches. 
Pastoralists generally rely on winter rains for good stock­
raising results but sum.'11er monsoonal disturbances are not 
uncommon... such a disturbance occurred in F3bruary, 1944, 
when 16-18 inches were recorded at Mt~ Fitten :Lo 24 hours 
and 1 t caused great da'nage to f'ences and to stocko 

Local landholders rely on bores :t'o;: stocl-c water. 
AO.equate supplies o:f grour.!dwater ho.ve been developed 
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'chiefly in the Pre-Crunbrian sed;Lmentary series flanking 
the Mount Painter complex but difficulty has been exper­
ienced in developing supplies in the granitic rocks at 
Mount Painter;. 

The vegetation is spar.ceQ On the plains to the 
east. of' Mount, Painter the principal vegeto.tion for st'ock 
consists of Mitchell grass (Astrebla sp), sti]2a9 salt< bush 
(Atx>.iplex .Vesica.rium) 8.nd blue bush. (Koc hi a Sedif'olj_ ~). 
The major watercourses are lined vvith large red gum trees 
(Eucalyptus canaldulensis). Away f'rom the watercouJ.•ses, 
timber is spLlrse and generally unsuitable for mining pur-
poses. The eucalyDts have stunted·mallee habit and the 
pines (Callitris sp .. ) irregularly distributed over most ot: 
the hilly region also have a stunted appearance. Certain 
vegetation is limitud to distinctive rock horizons, for 
ex ample, Eucalyptus gil=h_ei which is found chi ef'ly on soils 
overlying ealcareous beds, nnd is thus a useful guide in 
mapping. Quondong (Eucaria acuminata) trees occur along 
some of' the principal creeks of' the area and provide food 
for birds and marsupials. 

The Euro (macrOJ21:!§_F.Obustus) _is plentiful in the 
re.nges, but wallabj_cs o.re scarce~ On the plains the large 
red and blue kangaroos are e.bundant. Rabb~d;s were very 
scarce during the survey period1 but have been lmovm to 
reach plague di:i::::ensions in the past. 

Until recently wild C811lels and donkeys (both 
introduced) were plentiful in the ranges. The last wild 
camel. was captured during the survey Md "brought :l.nto ser­
vice at Mount Painter. Bird-life is generally restricted 
on account of' the abs.ence of' permanent waters • 

..2..._ Plt.(§lj:OQ-JY.->PJ;f{. 

The Mount Painter a.reo. occ-:;rs in the Flinders 
Ranges which have· a general no:::>th-sm1th trend and c.re 
bounded on the east by the Lrurn F::.ns:'Yle, and on the west by 
the Lake Torrens-Lake Eyre depressions.. The terrain is 
deeply dissected and portion of' the enstern escarpmer2t of 
the range is included in the mapped o.reo.. I:rr.mense out-
wesh plains extend eastwards f'rom ttis esc8.rpment to Lake 
Freme which is n remnant of' a former cut much more exten-
sive lake. The lalrn is now l:i.ttle more than an extensive 
salt pan with its bed only 160 feet aboye sea leyel and 
several stranded terraces indicate its former margin much 
nearer to the Ro.nges. In and adjacent to t'.'le Ranges 
dr~·inage lines are wel;I. ·defined. 

Through rugged gorgys the great "gum creeks" 
meander out onto the plains where they pass out into 
systems of distriautaries near the edge o:f the Lake Frame. 
The widths of' many of these creeks rsnge up to half' a · 
mile and. after heavy ains they :fre guen tly are unable to 
.cope with the hugo volumes of' water accumuletec1 in them 
from the rapid run-off'. f'rom the ranges. TL•ere are no 
perennial streems in the region9 ·even the la:::-ge waterholes 
along the main watercourses dry up a:fter long dry spells. 
The terrain in the immediate vicinity c:f Moun-:; Pe.inter is 
deeply dissected and, being situated n.eo.r tho "6.i vide 11 

between the Lake Frame a.'1d I,ake Eyre drainage basins, 
marks an adva::-iced stage in the · ~3.:P'.~:~:. eros::on o:f the 
elevated peneplain which initial:ly formed. the gree.ter pro­
porti9n of the Ranges? 
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. . 
The Freeling Heights no.r-th of. ·1tt-. Painter ana. in­

cluding· the higbes't eminence (~,..120 fe.et} in the northern 
Flinders Rangeq, are notable for n ~la~ summit plateau which 
is probably a r emnant. Of this.. :fo-~eJ;!" v ery extensive erosion 
surfac e or pen eplain {Mav~son t9"Z3J. 

FIG. 1·. 
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·It· ~t.and.s at ·about' ·3~ 000 feet above ·sea level and conforms 
·general~y wit!') the. summit levels of the Yudnamutana Range, 
Mount.Pitts (2,804 ft.), :Mount Pain·ter (2,850 ft.) and 
Yudnamutana H:i.11.· Further south, ·beyond the area mapped, 
portion of, the Flinders Ranges known as the Gammon Ranges 
and~ other resistant ·masses or quartzite· suggest that this 
former platea~ level continued some distance south of the 
M.ount Painter area. · 

. The 'divide' between the respective watersheds of' 
the Lakes Frome and Eyre basins is located within a few 
miles of the eastern escarpment but relatively far from the 
northern limits of the uplifted block on the Lake Eyre as­
pect, and as a consequence the gradients of the east-flowing 
streams are relatively steep and stream erosion is powerf\11. 
The principal water courses draining eastward comprise the 
Yudnamutana, Arkaroola and Hot Springs Creeks and in them 
rapids and rock bars are prominent features. The headwaters 
of the Yudnamutana Creek are clearly encroaching on the more 
mature watercourses draining towards Lake Eyre and the west­
erly migration of the divide is commencing (see Plan 3287, 
Sheet No.44). · 

The chief watercourses draining towards Lake Eyre 
from the Mt. Painter area are the Blue Mine, Yerelina, and 
Tindalpina Creeks. In contrast the gradients of these 
streams are mtfotl flatter than those draining towards Lake 
Frome even nli.;ir their sources. In a f'ew places there are 
rocky bars, such as near the source of' the Yerelina Creek 
adjacent to the Yudnamutana mine, but these 2~e exceptional. 
The general terrain west of the Mount Painter area likewise 
presents ·a much more subdued form. 

In addition to broad topographic features already 
described there are several minor :Ceatures wbich have .an 
important bearing on understanding of' the geological history 
of' the region and possibly the age of the uranium deposi.ts. 
The massive thick quartzite which is co-extensive with the 
Yudnamutana and Mt. Pitts Ranges is U-shaped with convexity 
directed wei::itwards·. (See Plan 3294, Sheet No.47). These 
ranges enclose an "amp hi theatre-like 11 basin which is in the 
process of' dissection, but in which the tops or the present 
hills have a strikingly even surface. These even hill tops 
situated hundreds of feet below the general elevation of 
these ranges suggest a second period of peneplanation dur­
ing the development of the pre.sent topographic f'eatures. 
It is interesting to note that the enclosing ranges are com­
posed of' quartzite and the 11 amp hi theatre" area is chiefly 
red granite. East of the Freeling Heights a somewhat 
analagous subsidiary plateau occurs some hundreds of' f'eet 
below the level of' the Freeling Heights erosion surface 
which is in quartzi tes. This ·1ower erosion surf'ace, 
chiefly on granitic rocks, is separated from the latter by 
a pronounced escarpment. · 

South of the ~J"ount Painter area there is evidence 
of another and still lower erosion surface but its descrip-
tion is not included in this report. In view of' a poss-
ible bearf"ng of' the topographic history on the origin ot: 
the uranium deposits an analysis has· been made of the sur­
vey plans by following the procedure described by W.H. 
Maze ( 1944) which has been used with some success to accen­
tuate ancient erosion surf'aces. 

A. L.A.NDFORM ANALYSIS FROM THE TOPOGRAPHIC MAPS. 

·In the preparation of the maps of the Mount 
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area the .Cartographers of', the Department of' the Interior 
interpreted fQrni ·11nes at contour intervals of' ~bout 250 i't. 
These form l~nes were us~d in the application of' methods of 
landtorm analy$i~ outlined and m?dified by Maze (1944). 

·. · The met pod .adopted involved th~ drawing of' ·a -gr:i.d 
(40 chain sides) on the four base-maps. 'J;'ne nighest form 
line value on 't;hese base maps f'or each sqµare in turn was 
then recorded pn a special plan ~nd qontours interpolated at 
250 f'eet intervgls (see Plan 3210, Spee~ 43). Using this 
p;J.an, the strip ;'high point 11 profiles, . the 8.ltimetric f're­
quency curve ~nd the 11 $.upmlation" prqf'ile were con~'t;ructed, 
the J,~ttef being an additional method introduced by the 
author ( 1945). · · 

The E?trip tthigh point-" prof'ilee E.µ""e surilmary pro­
f11~~ N-S a~d E.W, cove~ing 3 grid squures (oqe and a hal.~ 
m;tle~~ in wic1th. The altirnetric :Crequepcy curve rep~esents 
~direct count of' the respect~ve altitudes recorded in the · 
grid squi;tres. The 11 SU!lliJl~tiqn'! curve· records the f'requency 
of 0cc~rrenqes of' the respectiv.~ a:J_titude intervals progress­
ively ·summeci anq. plotted qgainst tqe al ti tu<le in feet. 
It is t9· be noted· that neRrJ,y c(J.l areas above 2, 750 feet E'.I'~ 
underlain by quo.:r;-tzites ( seE) geo;Logicru. maps Plans 3288 -
329t) except nef',r the headwnters of' the Yudnamuto.na Creek 
which qas brolcen through the @artz1t$ · rt?.pges and is actively 
eroding ~he relatively sof't sediments to the we~t. It is · 
thus actively cnpturing westerly-trending wntercourseE? nnd 
has ereo.t~d c new loco.l be,sE) level. 

The strip "high point" profiles inQ.icate 2 major 
erosion s~r:Ca.ces. The f'irst ;is nb'ove the ~' 756 f'eet · J.evel; 
it represents the iipeneplain" or !'pnse" surface of' the 
F:reeling Heigh.ts Anq. :j,ncludes th<;i su.mmi t leveJ,s of' Yudno.mu t-
an n Ro.nge and Mts. Pi t~s p.nd MAcDone~ld. A second erosion 
surface lies nt about 2,000 feet, 

Analy'f!iS by mec..ns of the cl timetric frequency c-grve 
h,a£? ;indicatecl a considerable development qf tne 2, 000 f'eet 
erosion surf'ace. The ~UinmQtion profi~e demonstrates the 
consideraple vertical t:'lP:read o+ t;his ~rosion surf'ece.. Guch 
sprec.d me.y be due in pei>t to later di.ssection. 

6. TEE GEOLOGY. 

A. Previous Investie;.o.~.ions·. 

Tqe Mount P&inter tie:ild embraces ~ geological and· 
mineralogical province which has pot ;i"ecei veq: adeque.te de­
tailed attention. · This is. c direct outcome of' its remote;.. 
ness f\Dd generE.:J. inc.ccessibi;Lity·.: In sp:l.te of' tl:le dif'f'icl'"" 
ulties Si;r:> I)ouglas Mawson hc.s :re¢orded mepy of' its inte~ 
~~ting :t'eatures,end has col~ected numerou~ specimens. 
some of' the Minernl deposits p~.rtly opened up hn.ve been ~x­
arilined in more detail 8.qd of'f'icinl repopts ho.ve been pre­
sented by Dr. L.K. Ward, Dr. R.L. Jnck and Mr, f!.Y.L. Brown, 
chie:t'l,f QP rn:l.ne 13.nd prospecting workin.gs. · 

On tQ.e evidence of' Mawson, the central igneous 
e.nd metamo~Phic belt a,bout Mount Painter ~d north tr.a 
f11ulodwrtin~ previously tias besm correlated with the Arch­
aeozoic ·Era. · Pro"f1ero~o:l.c and later sed~mer;it;::i ·were con..,. 
sidered to overlay the Archaeo~oic core complex uncon:rorni-
ably. · 
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The 1944 geolog:L,cal reconn aisi:innce survey now . 
indicates the>.t the rocks of' the Mount Pmntet- Complex nhd the 
surroundin,g s ediment.nry seri'es nre ell to be ref'errc"'d to th(;i 
Proterozoic end enrly 'i?alneo~oic eras. Sediments nn.d mete."'."' 
sediments wit h1n ,the area sutfveyed nr~ nll ·~ecognisnble. me~ 
bers ?f the so..l.ce11ed Adelmdc SfriesJ ·' FUrthermqre, the~e 
is evidence to sus;gest thr:.t the intrusive red. (st:pessed) tibd 
white (unstressed) grc.ni tes mc.y be correlated with other .. 
stressed 2!ld unstressed grnnites intruding the Adelnide Ser­
ies of' sediments elsewhere in South Austrnlin. 

The sGd.iment2.ry series heve been f'olded on o. f'nirly 
simple plan c.nd both sediments o..nd igneous intrusive rocks 
hr.ve undergone f'nul ting. 

The geosynclinel occurrence of' Adelnide Series, 
Cr:-mhrinn l".nd perhnps Ordovicic.n sediments within south Aus­
tr2lin will be ref'erred to ~s the Flinders geosyncline in 
distinction f'rom the MncDonnell geosyncline of' Centrcl Aus­
trr·,li n. 

c. The Sedimentary Sequence. 

The Sedimente.ry Rocks of' the Mount Pmnter o.reo. 
nre r.11 Proterozoic in nge. The lowest recognisable horizon 
is the Thick Qu:1rtzite which is o.n importnnt m0rker horizon. 
Where recognised elsewhere in South .Austrnlin Mnwson ( 1941) 
considers thnt it conveniently represents the bcse of' the 
Middle Adeleide Series. This massive nnd resistc.nt qunrt-
zi te f'ormr,tion 6, 000 f'eet in thickness is responsible f'or 
much of' the bold scenery of' the region. · "Errctic 11 qunrt­
zi te boulders occur inf'requently in some horizons of' the 
qunrtzi te end mruiy meo.sure ·one f'oot or more in length. They 
provide striking correlo.tive evidence in thnt Mndignn ( 1932) 
hns recorded simile~ intrni'ormntionnl boulders in the No.2 
Qunrtzite or Thick. Qunrtzite eguivc~lent of' the Western Mi::.c 
Donnell Ranges. J~ strP.tigro.ph~cinl succession there f'ollows 
n cnlcareous series which in po.rt is identif'inble with the 
"Blue Meto.l Series" of' dolomitic limestones o.nd magnesite 
beds occurring at Copley nnd cs f'r.r south ns Adelr.ide; nenr 
the bnse of' this series there is .:o.n crkosic conglomernte of' 
vc.ric,ble thickness. The Sturtic,n tilli te end nssocio.ted 
f'luvioglncinl horizons overlie the co.lcn.reous. sediments. 
These glecigene sediments f'orm another mo.rker horizon used 
in this survey. Very minor f'luvioglacial bnnds occur much 
higher in the succeeding series of cnlcnreous slntes9 but 
they cannot be mistfl..ker:i f'or the mnin . tilli tic horizon. 
Dr. Ward ( 1916, page 8) reported 11 typicnl tillite" on the 
western slope of' Mt. Gee. Photogro.phs taken nt the time of' 
his visit show a tillite form~tion tr2versed by epithermal. 
quartz veins. A se~rch wns made f'or this occurrence, dur-
ing reconnaiss~nce mapping 1 but only f'lo~ters of'tlllite were 
f'ound in Mt. Gee Creek opposite No.5 workings; undoubted 
tillite must occur in the vicinity. A thick series of' 
calcareous sletes and limestones overlie the ti1lite. 
Outside the erea mapped they pass into the purple series of' 
slates nnd quartzites with minor limestones horizons. The 
purple series underlies the Pound sandstone-quartzite of' 
the Grunmon Range and this qu~rtzite in turn underlies Cam­
brian Archaeocyathinae limestones. 

No major uncon~ormity h~s been discovered within 
·the area covered, but to the south end west evidence or 
thinning and 11 overlapping of' beds" have been recognised. 
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A stret:i gro,phicc.a:t. s'equence hns been cm~piled from 
the mapping of.the r.rea phot'6grnphed r.n'd from inf'ormntion 
collected Wbfle rutjning seve~E:,l trnverses south f>i:lt into rel­
atively undiS,turbeq. country bordering the Mount PQinter region. 
It is consistent with results:· of' Mawson' s ( 1941:) Work on the · 
middle and UP,per Proterozoic sedimentary series neo.r Copley. 

D. strc.tigraphic,~l Sequencel 
(Thicknesses approxiniete only). 

7. 000( +) ft. 

12,000 f't. 

11,000 f't. 

6, o,oo :rt. 

The· 11Pound" Sandstone quartzite of :the Gnmmon 
Runge end elf3eWhere. Underlies A:rchaeocya.­
thin oe limestones Pond may represent the bo.se 
of the Cnmbr±~n or close of the ~roterozoic 
s edimen tc.ti on~ 

Purple Slo.tes' Ser.ies. Slates a.nd minor lime-
stoh es nnd quertzi tes. L['lllin rited··- Cc.lcareous 
Slr-.tes o.nd limestones.. EquivC:lent of Toyley 
Hill Series nec.r· Adelaide. Slntea contain 
very minor fluvioglncinl bands nerx Mt. sntur-
dey~ · · · 

Sturtio.n tillit,e nnd fluviogl.nciru:· $eries. 
This forrnntio~ is of' vnric.ble thj_cli;ness, rang­
ing f'rom 1, 000 f'eet north-west of Mnndnr in 
Hil:L, to 7,000 f'eet, nec.r Tindnlpenn where 
thickening mey be due partly to t'oid.ing. The 
overlying cnldnreous slntes in the latter 
locnli ty f'.lso show similnr thickening. 
Strinted and fo.ceted erratics of' very diverse 
rocl< types Q.re: abunde.nt. Mawsoh.(1911) con­
siders th::~t mo.ny errE',tics c.re :identical with 
rock types of', the centre.l Mt .• Pe.inter complex 
but this may be coincidentnl·; end9 in general, 
does ~ot hold. · 

Cnlcnreous Slntes und massive limestones. 
The limestones in pGrt ere dolomitic, mngnes-
itic, tremolitic, ~nd 2ctinolitic. In the 
lower sections quo.rtzi tes · and an e.rkosic 
quc.rtzi te of' varying thickness f'igure promin­
ently. - · Worm-castings (?) and ripple marked 
surfaces occur in the quartzite near Bolla 
Bollc.na~ 

Thick Quartzite f'ormo.tion. Remarkably even-
gre.ined sediment except where 12.rge inter­
f'ormn.ti onal boulders occur in the me.in mass 
of' the rock. Leminctions nre apparent and 

- ripple mc,rked surfaces c.re not uncommon. 

E. The Igneous Rocks. 

·Igneous intrusive ~nd extrusive (?) rocks of' 
the Mt. Painter complex will be dealt with in two groups 
the acidic nnd the basic. 

. Acid igneous rocks outcrop extensively within 
the Mt. Painter area, £'.Od can be· subdivided into two co.teg­
ories9 ·the-red gNmites o.nd the White or leuco-grr.nites. 
It :is impl"Cfbable tho.t these two granites nre comagme.tic., 
they both,·-have 'intruded the Proterozoic Series· of sediments. 

· Within the red granite belt processes of' nssimil-
ntion o.nd/or, gr<'mi tisntion are str~:mgly in evidence. All 
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. pho.ses from relo.tively slightly metrunorphosed sediments 
through remnan·t structure to "normal" gra.nit·es with little 
or no directionc.l textures have been recognised. In some 
arens the hybrid nnture o:f the granitic mass is strikingly 
appnrent. The red grc.ni tes generally 2.re shenred and :frac-
tur·ed c.nd, in .outcrop,· rounded surf'nces and torr-shc.ped 
masses chnrncteri.stic o:f unstressed granite ore absent. . . 

Th~ occurrence of white granites has f'e2tures 
clearly distinguishable :from those associated with the red 
granites. The sediments intruded by the white gre.nites o.re 
conf'ined entirely to the Thick Qu~~rtzite horizon nt the bnse 
of' the sequence. In the ccse o:f the white granites in the 
late stnges of' intrusion magmatic stoping probably proceeded 
on r-t considerable scnle. .Aerinl photos t nken f'rom 20, 000 
:feet indicnte dykes ~nd sills extending into quartzite rocks 
along various lines o:f weakness neo.r the peripbery of' the 
white grnni.te mo.ss. · The white gri:rni tes ere more homogeneous 
in character than the red grl1Clites. In weathered outcrop 
they have t.ypical rounded outlines (Torr structures~ etc.) 
which are outwnrd menif'estations o-:r the unstressed cbapac.ter 
and the presence of' -:few directional textures. 

The red granites are. believed to be the older o:f 
the two. They have undergone a period of stress which the 
white granites seem to have post-dated or with which the in­
trusion of the white granites may be contemp_or?.ry •. The 
association of many signs of gr2.ni tisati.on with the red 
grnr:iite "intrusion 11 suggests a deep seated o;t"igin for it, 
bef'ore erosion had removed much of the sedimentary rock. 
The genetic relationship o:f the two granite masses .require 
f'urther study before any defir:iite conclusions can be drµwn. 
This study would certainly involve f'urther :field work f'or 
which the reconnaissanct:l maps 2.nd accurate survey plans will 
provide an excellent basis. The abundance of' rock expos-
ures make the· Mt. Painter region ideal for such a petrolog­
ical ~nd structural study. 

Concerning the bcsic igneous suite ~f rocks the 
more importo.nt occurrences o:r these have been shown on the 
small scale sketch reconnaisse.nce map, (Plan 3294), but 
detGiled descriptions o:f respective ~~eaa of' outcrop cannot 
be given. General notes on occurrences are incorporated 
herein but readers are re:ferred to publications by Mawson 
(1923, 1926) f'or enditional information on these r9c~s. 

(i) The Red Greilite. 

Macroscopically the red granite is essentially 
a medium-grained intergrowth of quartz o.nd pink felspar. 
For the most part the granite contains only a littl-e mica: 
with schorl and iron minerals commonly present but in small 
Rnd varying amounts. · 

The red grf"i.ni te magma is intrusive into the 
Proterozoic sediments and in the central region· particul~ 
ly west of the 11Arm Chair" outcrop relationships between 
the red granite and the Thick Quartzite suggest a laccolith 
f'orm, but there has nlso been some assimilation. 

In other localities granitic rocks appear to have 
been :formed in situ, and there is widespread evidence of' 
the graanites o.f' vestigeal sedimento.ry structures which · 
appear to he.ve retc.ined their ini tia.1 orient ntions during 
the grnnitisa.tion process. The meto.morphosed Thick 
Quc.rtzite formation striking east :from Mt. Pitts exhibits 



- 1;0 -

increasing metC'.morphisni resulting from processes of gr['Jlitis-
ation o.s one proceeds in c.n ec.sterly direction. The qunrt-
zi te near Mt. Pitts is m:Lcaceous and is intruded by a few 
pin le felspar pegmati t es. To the east it becomes gneissic 
and in many places grnnitico Many phnses 8.I'e apparent 
between gneiss, granite-gneiss and red granite. In this 
area whntever rock is present the strike of gneissosity (and. 
bedding where sedimente.ry str.uctures c.re well-presenved) re­
mains sensibly constant veering a little to the north of 
east. The dip of structure lines is steep and in most 
cases in a northerly directiono Inclusions of iess altered 
gunrtzi te e.re no.t infrequent. One of' these occurs near the 
junctibti of Mto Gee Creek and Radium Creek. 

Along the same .general line of' strike acid gneisses 
occur in the East Painter nrea (north of' Gardner Gully)" . 

. . .· Neo.r the Arkaroola Waterhole massive quartzi tes ' 
inclusions nre plainly distinguishable within the granitic 

·rock, but a little to the. north dif'f'iculty is experienced 
in distinguishing them in the gr.anitic mass. North of' 
Ea.st Pe.inter Gol'ge nlso massive quartzites grade impercept-
ibly into gr~nitic rock~ It is not possible to draw 
boundaries in these areas.. For this reason also north· of' 
the "Arm Chair" much di:e'ficul ty was experienced in dre.wing 
even a very upproximnte boundc.ry between obvious guartzi tea 
o.nd grc.ni tic rock. In addition Pink f'elspur pegmati tea 
intrude in to the guf1.rtzi tes in this locality and render the 
f'ixe.ti on of f'ini t e geological boundc,ries impossible. Fol:' · 
the presente.tion of a regione.l map a compromise was d,ecided: 
upon 9 namely 9 c..n arbi tre.ry distinction wb.s drawn between a · 
zone of red granite end definite quartzite sediments, by 
the definitibn of c rather ill-defined zone of red _grqnite 
and quartzite, These boundaries ore mc.rked clearly on the 
geological plnns. (Plans 3288 - 32911).. · 

A study of the dist~ibution of the red granite in 
relBtion to rock of. sedimentery origin makes it uppc.rent 
thnt the gunrtzi te resisted grc.ni tis at ion nnd/or assimilation 
more strongly than certain other sedimentary types. The 
Thick Quo.rtzi te horizon extends east f'rom Mt. Pitts. f'or some 
distance into the red grenite before it loses its identity. 
Immedintely south of the 011t8rop of' this quartzite and at u 
rele.tively higher strntigrnphice.l horizon ( e .. ge near 'the. · · 
Nooldoo Nooldoono. Waterhole) metamorphism and intrusion have 
reached a more advnnced stnge. Qriginnl sedimentnryrocks 
have been converted to a rock: which in the field is now re-
ferred to as o. Quartz-porphyritic-gneissic gr3nite. The 
gneissic structure conforms with the bedding in 'adjacent 
mete.sediments. Whilst processes of gro.ni tisation have 
altered selectively vo.rious sedimentary types their in­
fluence ho.s not ext ended more them about 2, 000 feet strat·­
igraphically above the Thick Quartzite formation. 

. . From the central zone in the neighbourhood of' 
M·ts•· Pi tt·s o.nd Pe'1n ter, Mawson ( 1923) refers ·to "dense 
felsi t.ic end gro.ni tic rocks recc.lling the Pre-Ccmbrian 
porphyry and granite of' the Go.wler Retnges t.nd Moonta; 
also a considerable development of syenite-porphyry, quartz 
f'elspar porphyry 9 felspar-porphyry, and acidic gneisses 
sometimes exhibiting augen structure". Two rock speci-
men~ collected in Re.dium ( Sphene) Creek he described in de­
teil. The first was a zircon-bioti te-syeni te in which 
large white felspars f'requently three-quarters of an inch 
in length exhibited a gneissic pe:.rallelism. The other 
specimen was a "somewhat altered quc.rtz-f'elspar-porphyry" •. 
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. . 
. In the two specimens there were many signs of' stro.in c.nd 
crushing; the pe>rphyritic ihdividueis of' the syenite had 
been. grO.nucU.tcd e.bo1l t the edges. These brief' descriptions 
support the field evidence that pre.ctically all I'Ocks of' the 
red granite belt have been a:ff'ected by slight to moderate 
dynamic metamorphism. In many cases the rock appeers un-
stressed in. the ha.pd spec;imen but in thin section the ef'f'ects 
of' directed pressure ar.e evident. Major crush zones are of 
f'requen·t occurrence within the red granite and it is within 
these that most uranium mineralisation is located. The red 
granite is typica1ly a "stressed" one and wide zones of' . 
shearing, . trend.ing Nll}-SW, are prominent east of' Mount Paint~r. 

The red colouration of' the granite is probably due 
to the presence of iron oxide .within the felspars~ Specular 
hematit& is widely distributed in red granitic rocks. It 
is particularly conspicuous in the t bin light red pegmati te 
stringers near Yudne.niutana. Ward and Jack (1915) attrib-
u·ted the occurrence of' such primary oxide material in these 
lodes and pegmnti tea to an 11unquest ion able def'ici ency of' 
sulphur" ( p. 111). . · 

In n~merous localities the red granite is trav-
ersed by dykes of' light red pegmo.ti te. In these the f'els-
par crystals ere in mnny cases unusuo.lly coarse, and may 
range up to one f'oot or more in diameter. These pegmatites 
are generally devoid of' importent mineralisation, but books 
of' muscovite and pockets of' schorl are not uncommon. 

Microscopically the red granite is comparatively 
well-mineralised. Specul2,ri te, magnetite, ilmenite, sphene, 
ru tile, apatite nnd monazi te are common necessary minerals 
but f'rom an economic standpoint, however, no large coocen­
trctiors of any of these primary minerels have been discov-
ered. Several primary miner~ls of' the rexe eurth suite 
have been f'ound .e.bout Mt. Painter. Monazite occurs prom-
inently in No.2 workings on Radium Ridge and has-been 
identif'ied with urnniµm minerals in severe.l other workings, 
but analyses by Mr. R.G. Thomo..s (Mawson 1944) indice.te that 
thorium content is very low. According to Mawson (per­
sonal corrinrunication) allani te (cerium epidote) occurs in 
the Hot Springs Creek, a short distance upstreem from the 
Paralana Hot Springs~ The allc.ni te occurs as smal.l cry-. 
stals and grnins within gneissic red grnnite. With the 
exce~tion of' a r~dio-8ctive ilmenite described by Brough­
ton (1925) (actual occurrence unknown), Fergusonite is the 
only primary uranium mineral yet loco.ted. It is :round 
at No. 2 Workings, on Mt. Gee, and ::.t the "Smiler Gre:mwood" 
deposit. : 

{1~) The Leucograni tea. (White granites) •. 

A large mass of white granite outcrops in the 
north-eastern portion of' the area. It f'orrns a batholith 
extending about six miles i·n north-south Rnd three miles 
in an eest-west direction. The grenite has intruded 
the Thick Quartzite horizon in whe:.t appears to have poss­
ib1y been an e.nticlinal structure in the sediments. 
Within the batholith lerge xenoliths of' quartzite are 
plen tif'ul Wld near its· per·iphery there is abundant evid-
ence of' magma tic st oping"' Wedge-like dykes of' granite 
project into the quartzite along planes of weakness. 

The leucogranites are typically unstressed but 
are traversed by two prominent joint systems which trend 
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npproximately N 90-1000E and N 150-1700E, In outcrop "torr" 
shaped boulders are prevalent. There is no evidence to 
suggest that the granite was introduced prior to f'olding of 
the sediments.. The reg.ional cleavage of' the sedimentary and 
metamorphic rocks to the west is not ref'lected within the 
granite. 

Like the red granite, the leucogranite is essen­
tially a binary granite comprising quartz and f'elspar, but 
No uranium minerals were located within its boundaries. 

·Within the central Mount Painter red granite com­
plex t ~~ere are sever2.l dykes of white pegmati te or pegmatitic 
granite v1hich, although pegmati tic in nature of' occurrence, 
texture ·and mine1:al '"-ssociations, are ref'erred to the leuco-
granite suite" These white pegmatitic dykes strike in a 
more or less east~west direction and follow a set of' fractures 
in the red grn.niteso One very persistent dyke traversing 
t be relatively low undulating red granite country north of' Mt. 
Pitts. conti!'lues a practically unbroken course in an east-
n o:r·t h- ee.s terly direction f'or more them two miles where it 
approaches closely to more massive occurrences of' pegmntites 
and pe['Jllatitic gr~nite or the same group. These massive 
PEZ'Ilati tic g!'2•ni tes extend east nnd west o.nd f'orm the "Arrn-
cha:i.r"' end the Mount Ward R8.nge. The dykes on their western 
ext:r•em::i_ t :Les cl'.l!"'Te southwards to parallel the course of' the 
11 two-mi.le 11 d;yrke 9 previously mentioned. 

The principal constituents or the pegmatites have 
a coc.rse1y crystalline habit and in some places there are 
note.b:i.e concentrntions of' tourmaline and mice.. ·Books of' 
muscovite were found measuring more tho.n f'our inches in 
length 9 b\.1t the average size is considerably less. The 
white pegmetitea in a number of plnces grnde into the light 
red pegrno.ti tesc To what extent these two generE-.tions of' 
pegm2ti te ere intergrown and to what· extent recrystalliz­
ntion of the original pegmatite took place wrrs not investig­
ntecL 

A third group of' leucogrnni tes is present outside 
the Mount Painter areo. proper. This group may be co-
extensive with the foregoing pegmntites.. Mawson and Dal-
witz (1945) h~ve described it in consider8.ble detail. 
The Giant's Head? the Needles and Tourmaline Hill are typ-
ical occurrences and lie west of' the are~ mapped. Their 
positions :::.re me.rked on the reconnaissance sketch plan 
(Plan 3294), ·Other outcrops known cs the Pinnacles and 
Sitting Bull are situated on the extreme south boundsry of' 
the areao Mawson and Dalwitz (p. 48) consider that the 
intrusions are "in the nature of' cupola summits above the 
generHl plutoni te mess of' n lo.rge scale granitic intrusion" 
into the thick Proterozoic and Combrian sedimen.ts. "They 
rep:t"esent the summits of' active upwG.rd migration o:f mag­
netj_c gases and solution .. " 

The following quotations, taken directly from 
pages 47 and 48 of' Mawson end Dalwi tz' s paper, summarize 
some importr:.nt features of' the intrusion:-

"The igneous rocks of' these cupolas e.re essentially 
leuco-craticy quartz-orthoclase (orthoclase microcline 
and microperthite) - albite (sodaclase) rocks. Rarely 
if' ever is the plagioclase as calcic as oligoclase; in 
very many the sodaclase is in excess of orthoclase. 
Fmnic minerals are absent to. rare •• & • o There is ••••• 

\ 
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clenr evidence or l~rge scale migrrition of.soda, silica, 
chlorine, boron and potash into the surrounding rocks en­
riching them in such minerals c.s nloite, scapolite, mica 

. and tourmaline. 11 · · 

"Albite is almost upiquit.ous in ·both igneous and meta-· 
morphic -rocks"• 

"For the most part these cupola rocks of Umbero.tana 
dif'fer in texture from normal granites. They bear evid­
ence of' having crystallised from magmatic liguids abnorm"".' 
ally rich i·n volatiles resulting in pegmatitic, QPlitic · .· 
and even spongy textured crystallizations with abundance · 
of liquid and gaseous inclusions in the feldspar and 
quartz. The summits of the cupola messes ere crystall-
1.zations of this kind, but a trr.msition in texture towards 
more normal grnnite is noticeabl·e in more -deeply exposed· 
areas. 11 

"Accessory minerals in the leucogranite are very irreg­
ularly distributed but in some places there are notable 
concen tretions of tourmr.lin e, epati te, sphene and e;ern et. tt 

(iii) The Basic Ip;neous Rocks. 

Rocks of this suite nre very variable in mineral 
composi tlon texture c.nd nature of field occurrence.. :Both 
field and laboratory studies of them hEtve not been extensive 
o.nd many importnnt problems associated yet remain to be 
solved. Mawson ( 1923 & . 1926) has collected much interest-
ing inf'ormntion concerning these rocks particularly f'rom the 
W'ooltana region, hut c.lso f'rom the Mt. Painter area.. 

Tbe rocks rE>.nge rrom coarse doleri tes to hy8.lop­
ili tic basalts.· Many of them -are highly vesicular and con-
siderably metamorphosed. To a large extent outcrops of 
basic igneous rock 2re restricted to the south eastern por­
tion of' the e~en mapped, but isolated intrusions occur near 
Yudna.rnutana, the Daly mine and on the western extremity o;f 
Radium Ridge. 

There is still much uncertainty as to What extent 
certain occurrences of rocks of this suite represent igneous 
intrusion or oxtrusion. 

South from the Lady Buxton Copper Mine metamor­
phosed basic igneous rock are interbedded with metamorphosed 
sedimen-ts. In many cases it is undoubtedly intrusive as 
there is evidence of' the overlying beds having been dis+.o-
c~ted ~y the underlying igneous rock. In other plac~s-
amygdaloidal textures ere indice~tive of an extrusive origin. 
Mawson has noted scoriaceous lava textures near Mt. Jacob 
which also suggest lava outflows rather than sill-like 
intrusions ~t depth. ·Sullivan has recorded possible aah 
beds near Humm i ty' s Seat. Mawson nlso has noted possible 
ash beds nee.r Mt.· Jacob and purple shales which were pre-
sumed though not proved to be transformed ash beds. A 
narrow top band of' igneous rock o:f' denser character Mawson 
bas taken to represent the original chilled surface o:f a 
:flow. Vesicles, i'f present, are in many cases f'illed with 
zeolites (stilbite) and calcite, and some show pronounced 
directional features. 

The Wool t e.na Be.sic ign eou.s belt is the southvrnrd 
continuation of' the extensive area of' basic igneous rocks, 
south of' Hum~:mity' s See.t, which outcrop in the Mount 
Pa:'i nter · nrea. From nenr Wooltana Mawson ( 1926) has 
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deacr1~ed nO'rmal and Emey'gd~loidal melaphyres, an olivine 
d:t.aba.se e.nd eri opbit1c· olivine· diabase. 

. . At Yudnamutana Mawson ( 1923) ·describes an aitered 
. diabase which he ·considers to be associated with the genesis 
of the copper lodes. He records other much ~tered basic 
igneous rocks occurring near the Daly Mine. 

· A related series or volcanic plugs ranging up to 
16 chains in diemeter and intruding the red grani tee have 
b.een recorded. The laiagest ·plug is ai tuated less than one 
mile south of Humanity's sent. Others have been found 
·ndjncent and about 100 chains to the west of Echo Crunp. 
Another occurrence is located on the western extremity o:f 

Radium Ridge. There nre several othe~s of lesser import­
ence. A further group probably genetically related to the 
~oregoing lie in the wide shatter zone of the Echo Camp 
Fault. Exc.mplea of th~se ~e loccted near the Pinnacles 
pegme.t1 te. The evidence olearly assigns to these plugs a 
post-red grenite e.ge llrld 0.0 age post-dating the period Of . 
t"aulting which has affected the red granites. · In general 
these .basic igneous rqcks ere relatively slightly alterecl... 
In placea they nre intersected by irregular milky quo.rtz 
reers, but they nppear not to hnve undergone dynamic or 
regional metamorphism to any degree. On the other hand 
the sill-like nnd/or f,low-like b2sic igneous rocks of'the 
Wooltana. Series, to the rwrtb of J~rko.roola Station have 
undergone ,9ons1derable alteration by suqh pro,~.esses. The 
bRs;l.c intrusives of' the Yud~anrutnno. region likewise have 2e~n 
very considerably me~runorphosed. 

From the roregoing descriptions the 0Tiden9e points 
to two distini~t perioQ.s o~ basic igneous ectivity. '·The one, 
pre-tilliti~h ·-when Proterozoic pre-glacial sedimenta were 
impregnated by sills nnd dykes, with extrusion of' the same 
basic magma as vesicular lava flow. The deJt"Osition of' ash 
beds was al.so a feature of' this initial period. During the 
second period'dolerit~c plugs were intruded into the red 
granites and the crush zones formed by post~red granite 
f'auJ.ting. · 

For purposes.of comparison it is convenient to 
note br1'e:t'ly several edjacent occurrence of' volcanic rocks. 
At Blinrnan (70 miles to the south-w~st of' Mt. Painter) -
volcanic rocks of a probably post-tillite age (Howchin 1922 , 
arid Benson 1909) occur' near Oraparinna (16 miles south of 
Blinman); Gimilar r99ks have been tentatively assigned a 
much later age. . Muwson ( 1;938 - 1939), reports volcanic 
agglome;rates near the base bf the Pound Quartzite, the form­
ation which immediately preced_~s the Crunbrian Archa.eocya-· 
thip,ae l;i.mesto;~J.§:S• ;;;w · 

~~,l~')· 

F. METAMORPHIC ROcKS. 

J>raeti.g.al.ly all ropks of sedimentary origin nnd 
most of the po.sic igneous· roclrn of' the area have undergo:q .. e 
some degre~ o:r metamorphism. Whilst regiona1 metemorph1sm 
is general' the intensity of' the ?iteration is most marked 
nee.rer the red granite mass. Volatiles wh~\S?:h emanated 
:from the red gr~:itic magma reacted metasoma'."e'ically wi '(:;h 
constituents of' the country rock e.nd produced a variety of 
new minerals. Where high temperatures we~e present ;tn 
the metamorphic aureole the original sediments have bee.n~ 
altered by dehydration end decarbon,ation processes. Mii'ny 
other PI'OCesses hnve also oper::-.ted in oringing about the 
alteration of' earlier sediments nnd basic ig~eous rocks. 
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In general mete.morphism displays marked zoning in 
many areas and there is. a dis tin ct relations hip of' ·these 
zones with the boundaries of' the red grani'te belt." Variat­
ions in sedimentary type nnd f'e.ul ting have modified locally 
this generel zoning~ The major metornorphic grades readily 
recognised in the f'ield are es follows:-

'Qunrtzite . 

seri~~tic (m~scovitic?) 
Quartz-kica-schist 

~cidt gneiss 
I 

grenit!c gneiss 

Slo.te 

quartz~ te 

Spot ·~ed Slate 
~I 

Knotted Sl2tes and Schists 

/, d ., ~! . '- s h . t .t-1.!1 a.i.USlwe c. lS 

Tourmali!1 e o.nd Corund.Jfu-sillim8.nit e-cordi eri te Schists. 

Limes~ one 

,_ ±1 iVlC.rw e 

Seo.pol:'.. ti Marble 
' ~/ 

Tremoli te-Actinoli te Harble 

Bruci te-vesuvie'.'Jt te-t ~" tJr, 0J. ':it:. e-e.v id ot e-msrble 
·¥ . 

Amphi-:::.oli te..-

The bnsic igneous roclrn of the V\TooJ. t ena belt and 
Yudne.rnutana have ,undergone saussuri tisation, serpentiniz­
eti on, epidotisation nnd other processes of' alteration to 
produce melaphyres c.nd diabo.ses~ · 

Dynomic metrunorphism hns played a lesser part 
than thermal metamorphism. Cleavage ho.s. been induced 
in many rocks, pzirticulnrly in sle.tes~ About Mt. MacDon-
ald an~ Freeling Heights micaceous quo.rtzites show strong 
regional cleavage which is particularly striking on the 
aerif'.l photographs.. The regiono.l cleo.vage in the north­
western area strikes apprc~im2tely N120°E and dips south 
at 70-80°11 

Within the red g:t'C.~l.~·.te belt dynamic metamorphism 
hns produced prominent crush structures and it is in and 
e.djacent to these crush zones tho.t most of' the known uran-
ium doposi ts hrwe been f'oi_md. Thin sections of' some of' 
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these red gr2ni tic rocks, exemined under the m:i.croscope show 
prominent 11 crush 1

i borders to mineral grains o.nd crystals. 
Pronounced shadow extinctio:i of the quartz grains is also a 
f'ec.ture of' Di.\ :i:'.. sectior;:s,. 

South and enst of Mount Painter a definite 
schistosi ty j_s ·apparent in the .red gre.ni tic. rock~ and near 
Miner-.,ra Heights directed pressure has produced metamorphic 
r3:·cructures rerr.:lniscent of' organ-pipe gneiss. 

g_, __ GEQLQGICAL_ STRUCTURES~ 

In South hustralia, the Proterozoic, the CLnbrian 
and p erhnps t be Ord.ovici an pe1•iod were notable for the accum-
ulc:t ion of a ve.st geosyncline of sedimentso With minor ex-
ceptions, sedimentation proceeQ.ed without very significant 
disturbaD·'2€l. In the descripti 0!1 which follows, this accum-
ulati o:-i w.111 be referred to as the Flinders geosyncline in 
contra-dist;i.nction to the MacDonnel geosyncline of' central 
Australia. These two geosynclines probably were continuous 
o.s t ~e "Central Geosyncl:ine" of' W,,H. Brian ( 1932 p. 20). · 

In both of' these 'basins' sedimentation wc..s term­
inet ed by ;:m OJ'.'·::genic process 1"Joich probably occurred con­
tempo:i:oa;1em~sly :in the two areas, possibly in the lnte or 
post-Ordovician perJ.od as OrdcvieJ.an sediments conf'ormably 
OYe.rl::.e CPr111n.•:I.an 2nd Proterozoic f'ormati ons in the MacDonnell 
Ro.ngea where t be three rock series he-eve taken part in the 
f'olU.ing n:.ove~Hen t so 

So f'F·.l'.' no '-<r..d.ou1Jted O:::·dovician sed.iment s have been 
recognised J.n Seu th Australla. J..iJ;,1wson ( 1939) he.s recorded 
n thict{ crcsfr-Ged.decl scc1ds·ccne overlying upper Ccmbrian 
f'ossilif'crou,3 1:i.mestcnes i:i the Grindstone R.2mge nrea of' the 
Flinders Ri'-t1ges~ This mf"~ be the egui vnlen t of' similar red 
san'.l.stone-gU:'.'1'tzi f_es of' O:r'dovician 'lge which occur in ·~he 
MacDo~nell Ranges. 

Con :,;5.'.ler'.'.t:i on or :f0:l.1l t'.Xes 0.f' the MacDonnell and 
Flinders Ranges f'2c•ours contempor01.neit;y of: orogenic cycles 
in both reg:'..ons, 8.lthoue;h Mmvson ( i91t-2) persono.lly i'nvours 
o. late Crunbj:-ian o.go of' f'clding in the Fl::Lcders Ranges. 
The :fJ:>:>i ter, b.O"'fever, does not lGlC'"il o::' any direct 0-1~:~'.le!'lce to 
contradict tb:: theory of contemporaneity~ 

VVithin the Mt. Pe.inter o.rea mapped in deto.11, the 
major f'olded structures are not readily apparent. For this 
recson a b::."oad. scale reconnaissance sketch mav was prepared 
cover:L1g a larger e.rea.. (Pian 3294, Sheet 47) a TM.s plan 
reveals the broad f'olded structures which ore similar to 
t ho2e f'ound elsewhere in the northern Flinders Ronges. 
The folding is generally of a "br•oad open character with 
the majo;t:' axes o:f f'oldi.ng trr:mding in a.'1 east-west direction, 
whilst nea:;:'ly rct rlgbt s.ngles e. SA:::ond set of' f'old axes 
more widely spo.ced can be interpreted. In eff'ect a series 
of periclinsl (dome and basih) structures has been produced, 
elongnted in an e2st-ryest direction, 

The study of' the orj_entD.tion of the fold axes is 
considered to be .::.:.:-.:i;•ortant in deci.c1ing the ege of' the f'old­
ing of the sediments now constituting the Flinders and 
MacDonnell C/-'8s;rnclines7 
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In the F.'linders geosyncline· .t·here is e. "det'ini te 
Ch£'.Oge in ·relative ·importe.nce. O:t: the respect,ive set's ·Of' t'old 
axes•· In· the South nenr Adelaide, the :f'olds essen'tially · 
have a merid1arial ·trend with minor ch1:1,nges in· pitch ·attrib­
utable to ·folding along ill'.""d.ef'ined east-west rotes.· Some­
what similar relations· eontinue to hold until near Hawker 
where east-west fold element noticeably becomes more prom-
·iment. At Wilpena. Pound and Blinman, the east-west and 
north-south elements are about' equally developed and have 
produced the remarkable Pound. Structures (Mawson 1942). for 
which the area is notable. FUrther north nee.r Mt. serle, 
f'olds trending in an east-west direction are more prominent, 
but north-south axial. planes can be readily interpreted;. 
Similar conditions continue with little modif'ication to the 
northern extremities o:f the Flinders Range. 

In the MacDonnell Ranges the f'olding likewise has 
a dominant east-west trepd, but distinct changes of' pitch 
have been noted (Madigan 1932, Mawson 1925, David 1932, 
G~ological Map o:f' .Australia). 

In the Mount Painter area the f'olding ccm be con-
. ~~'t.~~n~ly referred to: two sets of f'old oxes, and it appeai-s 
~..li}'he intrusion of'. the red granite was chief'ly .conf'ined 
to nn anticlinal structure and during emplccement probably 
accentuated the original dome-shaped areu of' weakness. 
Other prominent structures include nn east-west major syn­
cline passing through the centre o:f the Yudnamutana area and 
a complementnry anticline occurring between.Mt. Pitts and 
the Yudne.mutona Range. The "competent" Thick Ql.lQrtzite has 
been. steeply f'olded and intruded by red granite. Other 
f'olds lying just outside the. o.reci. 2..I'e shown on the reconn-
ui ssance · mf',p (?loo 3294). These include the north, an 
anticline passing nbout two miles. north of' Tindalpina Hut, 

·and in the. south a cyncline in the vicinity of' Arkaroola 
Homestead. Pitcp data based on cleavage and bedding reach-
ing8 observed in the Daly-Yudnomutana area indico.te· the 
presence of' o.nticlinal and synclinal oxes clong which the 

.. dominant ee..st-west f'olding co.n be pictured as hEtVing been· 
warped. The reconnaissance sketch map (Pl.an 3294) illus-

. trntes the synclinal 8.xis of' this feature, but to the east, 
intrusion of' granite and f'aul ting prevent in terpretotion of' 
the·· complete complementary ,o.nticlinal axis. 

' By and large the main structural f'eature of' the 
Mount Painter area is the dome structure in which granite 
now largely replnces the older sediments. 

Minor f'old structures were not studied in much 
detnil. in the f'ield and most of' the trend lines have been 
interpolated f'rom scattered field observations used in 
conjunction with the aerial photographs. Some of' these 
requiref'Urther elucidation, particularly east of' the Para­
lana f'ault but elsewhere they are· not likely to modif'y the 
general s:t;ructural interpretation of' the ar.ea. 

'(ii) Fmi'lttng. 

·Fa:ulting i:n the Mount Pai.nter urea is considered 
in two .groups. . .T.he eastern and sou th-eastern or Paralana. 
group nnd the north-western or .Mt. Saturday grqup. In 
both groups hade is small. 

(a,) .. .The .Paralanu Group: 

The Paralana f'au1t is the most conspicuous and 
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extensive one on the area. It is one along which there is 
evidence of movement havipg occurred even in Tertiary times. 
It :_s marked by a weJl def'i ned crush zone along which signs 
of mineralisation {notably, uranium,. copper i'. quartz and 
manganese) are not µn9ommon. The f'ault has heen tr13.ced 
beyond the Armnopia Cave, south of' Mt. Warr.en Ha,stings. 

Several spur f'aul ts have been· noted branching of"f.' 
f'rom the main Paralana fault. One of these, the Echo Camp 
fault is the most prominent and is notable f'or tremendous 
accumulations of white quartz. .Adjacent, to Echo Camp a 
reef-like mass of solid milky quartz, 6 t6 8 chains in width• 
i.s present ancj further west pegmati tes and narrower quartz 
~eefs mark this fault zone. 

Near the '1big loop" in the Arkarooia: Creek, ·C.he 
actual trace of the Paralana fault is difficult to follow a~ . 
the Arkaroola has in :ract eroded a wide fradture and crllshed: · 
zone in' actintralitic ~arbl~~i From this locality the rauit 
cLJ.rves sollth and then south-east and within. its crush zone a 
nurr~tsr of' pegmatites and doleritic plugs are present. The' 
pegmati tes. occurrences include the Sitting Bllll and the . .· 
Pi.nnacles previously mentioned. The crush zone isstil1 well 
developed at the Sitting Bull, the eastern 

Rxtending north from the Mouth of' the Yudnamutana 
Gorge, the Paralo.na f'ault forms the main escarpme;it of' the 
Flinders Range" T·o the scuth o. low 11.f'ront of' ro.nge" es-
co.rpment i.G f'ormed by another fault which· evide11tly converges 
with th.e Paro.lana Falll t near· the Hot Springs. ·The junction, 
cannot be observed and cross.:...f'aulting between the two major 
fo.u~ts ha~ le~.do~n a roughly triangular block.in which 
Eyr:_:..1n (?; seaunents have been preserved. This southern 
escarpment fault probably deline8tes the edge of the Lake 
Frame Flo.in to within lesi than a mile of East P~inter 
C:.:: .. ::_s;.tc. 1<,:-om there: orice more it converges towards the Para-
lana f~ult~ It appe6rs to die out about two miles sollth 
of' H:umo.ni ty 's seo. to - . . 

Al'o:r:.g the escarpment leading south frc~m the Lady 
Bllxton copper mine. no def'ining fault woe located~ but there 
ore two cross f'aults a little to the north of' the mine. 

Sullivan has indicated n ]'osEible frmlt adjacent 
to nn octinolitic marble bed occurrj_!lg south of' East Painter 
Gorge, but f'Urther field work is required in this ar&a to . 
fully resolve the structure and stratigraphy. · · 

Fau~ting of the Paralana group is post-red granite 
nnd post Wool tnnn Bo.sic i gneo1.rn. It is pre-leucograni te . 
ihtrueions and preceded the intrusion of' the younger basio 
igneous r0clcs ne indicated b:;- the nntllre of the occtlrrences 
of pegrnati tes at Sitting Bllll and the Pinnacles nnd cf' the 
11 unstressed" bo.oic ··igneolle rocks of' tlie .s.ame loco.li ty. 

· ( b ) '.L1.LM.b_ Sat urd .§;L_RggJ....£1_ F ;_i gJ.1.£. 

This series oonsists of a number cf' h:l.nge dip 
faults arrnnged in o. rm!i.al pattern o.b0t.1t a centre 'approx-
imately one mile south-west of Mt. Saturday. The throw 
f'or these r"'au.lts is genero.lly smo.ll o.nd the f'aul ts die out 
bef'ore the centro.l f'oco.l point is reo.ched. In addition 
str:.Lce f'alllts occur which are not strictly memters of the 
radinl se~ies~ but otherwise are similar in character to 
the r8dinl group. 

.'I.• 
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.··· Foldinz appears to have determined the fault 
pattern.of' this gl;'oup v~ry·ciosely. Downthrow'is normally 
to the north and ln conseqllence the "competent"·Thick Qu:!irt­
zi te of· the :Yud.namutana Ranee has been f'orced. Lip in relat'ion · 
to the. incompe·tent beds to the north~ It is.evident also 
that th~se pivotal faults ~elieved stresses dur~ng the f'inal 
stages bf E"rarii te intrusion• · 

. . 

. . . . .· The f'~ul ts ha;ve hot be~n observ~d striking in.to 
the 6~htre of' the r~d 'e:ranite ·belt, but near the ,Commonw.ealth 
min$ thEiY. occur in quartzites heavily intruded by pegmatites, 
also within and without the infaulted blook of' actinolitio 
marbles, thus iridicatin·e:. that· sol'fle at least of this f'aulting 
preceded the pegmatitic intrusioni. 

l:b._1<.;!~!TfillRM.[!L .. ACTfilIX• 

The locality or Mt. Gee is the cerlti-e ot'.wi.de-
spread aoourriulations of epithermal quartiz. Most o·t• t.he 
quartz is distribllted in e:eode f'orm and amethystine.qua:rtz.hae 
been t'ound in many cavities.. Ghost structure is V'3ry common 
in many or the quartz crystals and drusy.quartz masses rre-
quently encase f'luori te and gypsum crystals. ,In some i~-
stances Torbernite f'lakes occur within the e-eodes and at other 
times 1,ntere-rovm with the quartz. Speculari te shows similar 
relations to the quartz. Other deposits of' the epitherma.l 
quartz are situated on the western spur of' Mt. Painter and in 
valley bottoms two miles south, and south-east of' the main 
camp and at the Rock holes. 

These f'ormations appear to be of' considerably 
vertical. extent and to have a pipe-like f'orm. On Mt. Gee the 
e-eode ma~erial. extends six or seven hundred f'eet vertically. 
Near Sunshine Pollnd it occurs at the bottom of valleys more 
than 1,000 f'eet below the summit of' Mt. Gee • 

. . originally, the cavities (now partly rilled with 
deposits of epithermal quartz and other minerals) must have 
been remarkably open structures. · For this reason they .mllst 
have been f'orrned relatively near .the surf'ace, at least. within. 
the zone· of fractllre. J1ssuming that the epi thermal adtivity 
post...,dated the f'ormat ion of' the· 3, ooo feet peneplain, a, rem­
nant or which has ·been preserYed on Freeling Heights, the 
present lipper limit of' epi thermal quartz on Mt. Gee woq''ld 
have been within 800 reet or the surrace of the ancient pE;me-
plain. ·· · 

Evidence· :rrom mineralogical studies suggests a . 
late period of' epithermal activity and this is consistent with 
geolo~1oal and topographical data. As pointed out by Stil-. 
well (this Bulletin), Torbernite occllrs intergrown with 
epi thermal quartz and the low values or the lead-uranium r'.atio 
-ror the torbernite indicate f'ormation in the late Tertiary 
Pe·riod. 

In ·the writer's mind, however, there is still a 
· · tendeney to associate the epi thermal quartz with the decadent. 

phases or the hydrothermal activity of' the Paleozoic era. 
~n. ~upport of' this contention it is to ~e nrited that gaodic 
quartz has ·been rormed only within the red granite area, and 
is absent f'rom the rault frl;)cture zones .which, one would 
b~lieve wocild of'f'er excellent loci f'or its deposition. It 
is to be noted that the Paralana Hot· Spring which is still. 
active is situated on a rault~ but that the silica deposited, 
is in no way similar to that .of' Mt. Gee. Helium gas in 
minute quantities is being evolved f'rom the Spring waters 
(Mawson, 1927). 

I 
I , 
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Whilst the nge of the epithe rmal activity need not 
necessnrily be corre l nted with a period of peneplanation or 
still-stand a s evide nced by the 3,oeo, 2,000 or 1,000 feet 
erosion surfac es, . it is appropria t e to study t his possible 
rela tionship in view of the uncertainty as to t he precise 
origin of the uranium deposits. The age of the se e rosion 
surfaces ore thus considered somewha t in deta il. 

In the physiographic sec tion of this report ref­
erence was made to t wo erosion surfaces occurring very 
approximately a t eleva ti ons above sea level of 3,000 and 
2 1000 fe e t r e spective ly. 

The 3.000 f ee t b u. s e surface is well pre served in 
the are a known ns the Fr eeling He i r hts and is undoubtedly 
most ancient nnd its pe rfec tion indic nt e s a v e ry protracted 
period of still -stand. The 2,000 fe e t erosion surfnce hns 
been deeply e roded, but its former existence is postula ted 
from the l and-f orm nnnlysis (Plan 3210). There is ,10 
e\-idenc e of any Me sozoic or Tertiary sec.iments having. been 
deposi ted on either of the se surf~ ces, nnd thus the r e are 
no strntigrnphical clue s t o the ir ages. 

It is r easonable to pic ture t he Mt. Gee end re­
l a ted epithe rmnl deposits to have been formed when the 
Freeling penepl ain was deve loped and before it was dissected 
to any marked de gree a s epitherma l quartz depo s its a re found 
neor the summi t of Mt. Pa inter (2,850 ft,), an eminence 
which is considered to be n r emnant of the Fr ee1ing surface 
nnd a monndnock on the Yudnamut ann surfnce. 

FIG. 2 ·. Mount Painter, Monndnock on the Yudnamutama 
Surface. 
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It will be seen f'ro~ di'scuss1oris elsewhere in this 
Bulletin that the secondnry uranium minerai deposits were·hcit 
ne_cessnrily f'ormed during the period.o.f epitl'iermal activitYt 
but ,may have bee11 lnter. · Thus, they mny be relnted to the 
2,000 .f'eet erosion surf'oce wl)en the water ·table was much 
higher (severnl .hundred,f'eet). . · ··: . 

A. U/Pb~4 ratio determination mndb on the torbernJ. 
1 te f'rom the No. 6~ Working~·.'·.in:di~ntes !'ormation in t1:J.e lnte, 
Te~tiary Period, but no deteraiiriation has •een mo.de !'or the: 
torbern:ii te f'ound· intergrown with' _epi thermni quartz which, c;)ri 
known physiogrnphic and stratig~nphicnl evip..ence, one would 
assign a much older age of' f'ormation, .possi.ply early Mesoz;.;: 
oic or late Palaeqzoio. .This :problem, however, requires 
!'urther study before any def'inite conclusions cnn be drown• 

. ! '. ' 

!l_. . . GEOLGfilCAk_HIS';rORY OF JHE.,AB._.E;a. 

, During ·the course of .field. irivest'i.gati.ons ae!"tnit;. 
observations wer$ m1:J.de .which hbve a •earing. an the sequence, 
of various important tectonic ev¢nts~ igneo~s intrusions and 
periods of minerc.ilisntion, nnd nfi attempt hns been m8de· ' 
~ereih to prepare a tentative setjuence·of the major geolog­
ical events in the nren nwpped. : It is outlined es o. work­
ing hypothesis which. will be bound to be modified as _more 
detailed work is cn~ried out. · 

. -:« 

1. Proterozoic and.early Palaeozoic Sediments 
accumulnted in the region during a long quiescent perioil. , 
Thepe appear to be no major breaks in. sedini(;)nttttion elthougl'l 
minor overlaps nre present. The sedimentnry types range ~-.. 
from tillites and 8rkoses through sandstones nnd quartztte 
to slo.tes, calcareous slates o.nd limestonesi 

Prior to Sturtio.n glaciation (Late Prtiterozo1c) 
much of' the Woolto.na basic igneous rocks were intruded 
(Sills and dykes) or extruded (lava flows and ash 9eds). 
The Proterozoic ice age wns followed by generally wnrmer 
conditions culminating in the aridity of the late Cambrian 
and Ordovician periods. · 

Most o'f: the sediments are devoid of' f'ossils but 
worm burrows occur at severnl horizons low in the Protero­
zoic series. 

During the Csmbrian Period def'inite marine in­
eursions were responsible !'or deposition of' h~ghly rossil-
if'erous (Archaeocyathinae) limestones~ Accumulation of' 
sediment probably continued well into the Ordovician Per­
iod. 

2. The sedimentary cycle wrs concluded by th.e 
roundering of' the region at a time variously estimated as 
1ate Cambrian (Mnwson :Ir!) or late Orclovicinn (Sprigg 1944), 
during which the geocyclinal structure with open !'olds 
deVE!loped. 

"#!Mawson (1911, 1923) considers that the red grFlnite area 
of Mt. Painter is an early or mid pre-Cambrian complex and 
that upon this eroded b8sement there mny be a second anc­
ient sedimentary series which in turn is overlain uncon-
formably by Adelaide Series and Cambrian Sediments. The 
whole series underwent f'CJlding and intrusion by leuco­
grani tes (Mawson 1923, 1944) in the late Cambrian. 
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3. intrusion of' red groni te, and groni tisation · 
accompanied the folding. It is not known to what extent 
the granite intrusion enbo.nced the degree of folding D~ Mt. 
Painter. The Thick Quortzi te wc.s probably domed into a 
laccoli th structure by the invading granite, but c.orundum 
and ·bioti te schists included within the cen trnl igneous niass 
attest to a considernble degree of assimilation nnd stoping 
ot' underlying nrgill8c.eous . horizons~ 

4. Late in the period of' red grnpite 'intrusion' 
there wns o. period of pegrnntisat ion. · The pe?mati tic mother 
liquors apparently introduced the Fergusonite,?) and Monazite 
or Rndi um Ridge • 

. 5. About Freeling Heights o white grnnite in­
vaded the Thick 0,unrtzite. Magmntic stoping occurred on a 
lnrge scale, o.nd intrusion wos most active along an anti­
clinal structure. 

The red granite is older than the white granite. 
It is crushed and she&red nnd 'f:requently has been gneis's­
ified. This gneissification is not to be confused with 
earlier sedimentary structures not wholly destroyed in the 
processes of (red) granitisation.. The white grani·Ge is un­
stressed. · 

Accompanying grAnite intrusion there was con­
comitant regional met!J.morphism of' overlying sediments.· 
Colcareou.s horizons overlying the Thick Quartzite· were decar­
bonised producing massive actinolite-tremolite. 

The major f'oults of the area are post red granite. 
The Mt• Saturdny Radial f'aults f:lre compressionn.l f'o.ults with 
small hade and wide crush zones. Occurring lo!'gely in 
slates nnd lime tones they apparently relievad gressure arter 
intensif'ied f'olding of' the relatively "comp0tent1' Thick 
Quartzite formation during red granite 'intrusi.on'. 

The relationship of' the white granite batholi thic 
intrusion to fnulting has nowhere been observedo 

Post-dating the major f'aulting a second phase of 
basic intrusion (doleritic) took place. Volcanic necks 
and plugs have penetrated the red gr~nite, the old8r bosic 
igneous series ·and metamorphosed sedi0cnts. 

The red grnni te near the "Arm C hrii r" has been 
intruded by white light red pegmntites F.'long lines of' weak­
ness. A second group of' leucogr0r.i te pegmatites !1:::is in­
truded the crush zones of the Paralana series of' faults. 
The two groups of' pegrnati tes may be genetically related. 
Elsewhere along fnult zones massive reefs of milky quart­
zite outcrop prominentJ:y, and within the red g2•zmi te ·area 
massive milky quartz intersects one of the newer basic 
igneous .Plugs. The ·quo.rtz may represent n lnte pegniatite 
phas.e. 

Mineralisation is closely related to the red 
pranite 'intrusion'. Deposits of ooppar, gold, bismuth, 
antimony and tungsten minerals occur chief'ly about the 
margins of the red granite mass and practically all such 
~eposits are associoted with zones of crushing and fault­
ing. Notwithstanding the 2,ssociation of metnlJ.ic miner­
alisation with intrusion few ore m~nerals h8ve been located 
within the red grnnite. Uranium minerals are restricted 
to the red granite nnd traces of copper have been noted 
there in eevcrol instances. 

------
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6. The cyc;:le of' erosion that niay have been intro­
duced with the buckling of' the goo synclinal sediments, 
continued throughout the long period of' acid and basic 
intrusion and primary mineralisation. When epithermal 
processes we1.,e active the Mt. Pa inter area probably had been 
reduced to a base sur:faceo Much uncertainty still exists 
concerning the age of' the Mt;) Gee geodic quartz deposits~ 
Lead/tl.L'anium ratiNi made f'or ag0 clcterrninations indicates 
torberrJite f'or11'.l';;1·:;iei'tJ in the late Tar·~iary periodp but other 
evidence s11gges·:;8 that the possibility of' a greater age, 
possibly lotu P3J.aaozoic, cannot be overlooked, 

Two e;;o sion surf's ces have been id en ti f'ied provis­
ionallly at 3,000 and 2 1 000 f'eet... The 3,000ft. level is 
regarded as most ar.ciont. The f'ormation of' the oxidised 
copper ores of' Umberatana and the 2.)::c:-·0.ary U.!'anium mineral­
isation and epi·~he;.'mal activit;y· :::.~.J'.':~;;i:", Mt~ .Painter indicate 
signif'icant correlations with the bvo eJ:>osion sl.ll'f'aces. 
The only stratig1~aphical evidence av-a ilable favours an 'age 
for these secondary mineralization processes in the late 
Palaeozoic or early Mesozoic periods~ However, if' certain 
premises are correct• uranium age determinations indicate that 
at least some of' tho secondary l.l!'anhnn mineralization occur-.. •cc\ 
in' late Tcrtiaryo 

------------·--..-...-·--------------... . 
The lcod uranium ratios have been mode on secondary ores 

from leached zones of' tho "ironstone" lodes\) The lead 
oontont o:f such ores is generally low ond varies very 
s1gnificontlyo It is to be notaa tf>.et experience hos shown 
tho t such ores :frequently gi vc gu.i.te unrol iDblc in :fo.rma tion on 
which to bmso oge dotorrninotionso Rof'cronco hos been rrvde 
·din the 11 Interno tio·ao1 Ori tiool Tables oi' Numerical Do to, 
physics, chemistry ond technology'', (VoL 1, p.382, 1926) 
to certain o:f these dif'ficuJ.tics eis follows; 

"Low lead ra tics have 1 i ttl e signif'icance on a covunt 
of' the ease wi~h which certain mi11e::>aJ_s abstract lead f'rom 
circuJ.ating nat'...ti.:•al waters,, The a-~o~jc wej_ght of' lead 
shouJ.d be determined wherever U•):::si ~JJ e in order to make 
certain that the lead is of' ra.ctio-·1Jcti.ve oC'igin. In 
general only primary minerals erG sv.itabls f'or age deter­
mine tions~ ti 

.1 
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This section deals with and d$sc~ibee the specific 
occurrences o!' uranif'erous minerals, the:i,r occurrence and any 
de+eldpment whi~h he~- been carried out 6n them~ Borne of the old 
workines are· ve-i!-y small in extent~ And after a pre lim1nary exam-
ination no further work was done cm them, T-he principal work 
was done on N1. 6 VVorkines, Mt. Pninter~ and Ctt Greenwood's c nmp 
J\ref:l; East Pain tor. Except f'or the sinkinp o~ S:)me test pi ts 
and shallow shafts oii. .the '.'Smiler" Greenwood aria_ "Bentley" 
Greenwood; no teetinP was cnrried out on nhy 'lf' the other depos-
its. However; all the other old w9rkin,e:s were examined, and 
new DI::eas f'or prospoctihg were indicsted• 

The preseht discussi'Jn represents f'innl d1nclusions, 
0f' which the various stw,.os of deducti"ln ho.ve been. i:riven in 
f1rtnirhtly propress rep:)rts N0s.1 - 31 inclusive (July 24th 
1944 to Sept.15th 1945):. 

Recently a paper, "Tho JITature anc Occurrence of' Uran­
iferous Mine~al Deposits in South ~ustralia"j by Sir Douplas 
Mawson, has been published (Trans~ Rayl. Soc. 6th~ hust., Vol. 
68 (2), 1944). In this po.per Mnws-:in sumnmriscs his kn.1wledge 
of the Mt. Priinter deposits; and it provided much Vl'lluable in­
formation !'or the present investipation. 

Geip-er Mllller surveys of the N·:)• 6 w~·rkings, the 
Greenwood's Camp .firea, the "Smiler" Greenwo'1d nrid the "Bentley" 
Greenwood prospects were made and althouph the results are 
p:iven in detail in Part IV -:if this Bulletin; it is appropriate 
to refer briefly t~ thei~ value to the peolo~ist. 

In v~rious plAces~ sue~ ns the N'.:l~6 Workings and East 
Painter, the hematite breccio indicated hipher radioactivity 
than the surroundinp r'.:lcks, bllt it often shoViied n.) sig-n of torb-
erni te or ::ither urnnif'erJus minerRls. This rRdioactivi ty may 
be due to the presence of monazite, C>r :Jf' rndium crimp)unds which, 
beine: relntively ins~iluble, hnve been lef't behind when the uran-
if'erous minerals were leached by surf'nce ~aters. In either 
case the rndioflctivi ty of the rock indicntes a hiP-her uranium 
content than chemic al me th::ids disc l:)se. This discrepancy ex-
pl <i ins the diff'crcnce bet~rnen the ur'lniura c.~mtent of.' vrcri<)US 
deposits as fiven in Mawson's paper qnd ns f'ourtd durin£ the 
present investit:oti0n. The uranimn c'.1ntent 1:1s ['"i\ren in l\1aw­
son 's paper were determined electroscopically and sa would be 
hi~her than if' they had been determined by chemical analysis. 
In f'act, it is quite possible f'or n·specimen to contain no 
uranium· at all and yet to indicrtte quite nn apprecir-.ble radio-
activity. · 

The rreophysicists in this investin-ation calibrated 
radL)activity Etp:Elinst kn'.Jwn urnnium content nnd were then able 
t.'J determine the uro.nium content of' mine samples • 

.1\n investip,-ation of the mineralogy and ore occurr­
ences was undertaken by Drs. Stillwell and Edwards and their 
report is presented as the f'irst report of Part III-. It con-
tains a complete descriptLm of' the mineraloe.Y., nnd discusses 
the oriein or the deposits. The latter subject, however, is 
controversial and severnl -possible explanati·ms hnve been ad­
vanced. On this account the views of' the f'ield e:eolopists on 
p:enesi's are als-:l presented in separate reports at the cone lus-
1-:in of' Part III. 

I.t is hoped in this way to portray the possible 
modes of origin or the deposits and the futu~e prospects 
aeeociated with each of' them. Althouph the supergene oripin 
is penerally accepted RS beinr. the best one, present knowledge 
is insuf'ficient to entirely discount the other hypotheses and 
thus the limitations o"f' the f'ield cannot yet be strictly de­
fined on scientific premises. 



111:. REPORTS ON .INDIVIDUAL URANIUM OCCURRENCES. 

1. Mount Painter Group. 

A. Nos.1 2 2 and 3 Workings, Radium Ridge. 

by 

C. J. SULLIVAN 

Geologist 9 Mineral Resources Survey. 

(Plan 3197, Sheet 37, illustrates this report). 

Radium Ridge is a very prominent topographic feature 
extending generally east and west for a distance of approx­
imately 2t miles. · At its closest point it is approximately 
t mile north of' the Main Camp. The slopes are steep on the 
southern side of' the ridge and flatten out on the northern 
side. Some of' the steepest sections of' the ridge are due 
to the resistance to weathering of' a silicif'ied zone, some­
what similar in appearance to the 11Jaspers" of Western Aus-
tralia. Nos.1, 2 and 3 workings are located on this ridge. 

( :t) No. 1 Working,. 

It consists of' a costean 15 feet long and 3 feet 
deep. ·It is situated on an outcrop of hematite 45 ft. long 
and 15 ft. wide. The hematite is of' a very dense nature 
and is intergrown with quartz. It contnins small quantities 
of Fergusonite ·and traces of yellow uranium minerals. The 
hematite may have had a dif'f'erent origin from that associat.ed 
withtorbernite in the crush zones. The deposit is thought 
to be of' little economic importance. 

(ii) No. 2 Working. 

This deposit is very similar to No.1 and there is a 
costean on a hematite outcrop. The hematite is very hard 
and dense a~d is intergrown With quc.rtz. Fergusonite and 
mon nzi t e nre present in places in considerable qu e.nti ties 
(Stillwell and Edwards 1945). 

(111) No.3 Working. 

This deposit exposed by tbi s working resembles the 
usual type of torberni te occurrence associe.ted with hema-
tite and limobite in a crush zone. The hematite nnd limonite 
ex.tend along the ridge for a distance of' 200 f'eet and have an 
average width on the surface of'-30 f'eet. They appear to have 
resulted from the replacement of' a massive pink felspar rock 
- possibly a pegmatite or porphyry. The latter.is_ intrusive 
into a paler 9 finer grained granitic rock. The ironstone is 
in the f'orm of' a capping. 

At one plnce~ torbernite occurs over a length of' 5 
to 10 f'eet. A small open cut hes been made into this 
occurrence and e. shaft has been sunk from the end of the 
open cut. At the time of the present exo.min2.tion, the 
shaf't was not uccessible. Me..wson ( 1944) states t hnt a 
crosscut of'f the shaft passed beneath the ironstone body 
nnd reveo.led "weathered granite spangled with torbernite." 

No :trurther tea.ting of this deposit was carried out, 
as it was considered unlikely to produce more than very 
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small guantities of' uranium ore with a grade not. less than 
0.25% u305. There is a close similarity between this deposit 
and No.4. Both are ferruginous cappings carrying traces 
of torbernite and overlying weathered granite rocks contain­
ing small amounts of that mineral. 

B. No. 4 WoI'kings. 

by 

C.J. Sullivan, Geologist, Mineral Resources survey. 
(Plan 3208, Sheet 38 illustrates this report). 

( i) Situation. 

This deposit is situated approximately i mile north 
of' the Main Camp on Mt. Gee Creek. 

A steep ridge rises 150 f'eet -above creek level and 
is capped by two occurrences of hematite. The larger body 
has a length on the surface of 260 feet and a maximum width 
of 210 feet. The second body is 100 feet long by 80 feet 
wide on the surface. It seems likely that the qematite 
has a maximum thickness of' 25 feet. 

The deposit consists mainly of hematite with some 
limonite. In places it contains small amounts of' pyrite. 
Very small quantities of' torbernite have been noted in the 
"ironstone". In places, considerable quantities of' a 
bright yellow mineral, at first thought to be a uranium 
mineral, were found in cavities in the "ironstone". It is 
now known that this is an iron mineral. The "ironstone" 
seems to have f'ormed by. the replacement of' a pink f'elspar 
granite or pegmati te. An adi t 15 feet in length has been 
driven. below the 11 ironstone 11 • It intersected sof't gneissic 
rock containing traces of' torbernite coating planes of' 
schistosity and· :frncturing. No ore with a gr8.de not less 
than o. 25% U308 was exposed. 

Two steeply dipping shear zones containing hema­
tite, manganese dioxide, quartz and bi·oti te were also mapped. 
A steep rock f'ace, exposed in the creek, reveals the iron 
concentration decreasing I'apidly f'rom the surf'ace downwards. 
No uranium minerals were found in 'these deposits • . 

Along the creek in the western part of' the area 
mapped there are three outcrops ot unusual interest. 
These consist f'or the most part of' masses of' pink gypsum 
needles and quartz enclosing crystals of' gypsum~ Calcite 
is found deposited on the quartz. The mineralogy of' 
these occurrences is described in detail by Stillwell and 
Edwards ( 1945) • ·. 

c. No.5 Workings• 

by 

E. Broadhurst,. Geological Survey of' South 
Australia. 

This deposit is on the west side of' Mt. Gee, 
where a shaft about six feet deep has been sunk. The 
deposit is associated with the epithermal quartz and hem-
ati t e which is characteristic of' Mt. Gee. Torberni t e 
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oceurs as thin veins in brecciated zones. The brecciated 
zones ffi'e rnost irregular o.nd no def'inite prospecting pro-
gr8I!lme could be laid out. In no place in this vicinity 
did payable ore appear to hnve been found. 

D. No.6 Workings. 

by 

E. Broadhurst, Geological survey of' South AustrG.lio.. 
(Plans 3184, 2951, 3176, 3179, 3175, 3183, 3177, 
3180, 3178, 3182, 3185, 3193, 3187, 3196, 3190, 
3181, 3188, 3189, 3186, 3201, Sheets 1 - 11., 11A, 
12 - 18 inclusive, 34, illustrate this report). 

(1) Location. 

These workings are the most important at Mt. 
Painter, and are situated on the east bank of' Radium Creek 
about a quarter of' a mile south of' the main camp. 

(ii) Geology. 

The predominant rock types in the immediate 
vicinity of' the ore deposit are banded gneiss es. These 
were originally sedimentary rocks which have undergone var­
ious stages of' granitisation, but f'rom which the traces of' 
bedding planes have not been eradicated. Centres of gran­
i tisation, or areas where this process has proceeded :fur­
ther than usual, are indicated by the pr~sence of pegrnat­
itic granite. 

. One of' the outstanding f'eatures near the ore 
deposit is the silici:fication of the gneisses 9 a process 
which was described by Stillwell and Edwards (1945)· The 
greater portion of' ~he silification occurs in the southern 
part of' the mine area. Going north along the No.6 ridge 
there is a f'airly sharp contoo t between the gneiss and 
silicified gneiss on the western side of the ridge, but 
just to the north of' the surface sha:ft the silification dies 
out. On the eastern side of the ridge the contact is 
rather indefinite and cannot be accurately fixed. The 
def'inite western contact came on an E~w course to the south 
of' the mine, where its course changed to N-S along the 
western side of' the No.6 ridge. In this portion, with 
which the ore deposit is chief'ly concerned, the silicific­
ation dies o~t rapidly in depth. 

The silicification·o:r the gneisses has resulted 
in a number of roe}:: types, ranging from a rock resembling 
a quartzite to one resembling an igneous rock. For ma.pp-. 
ing purposes the silicified gneiss was distinguished from 
the banded gneiss by the absence of bedding planes, traces 
of which had been destroy'ed in the process of' silicif'ic-
ation. · 

In the vicinity o:f the ore deposit, extensive 
brecciation has occurred. Brecciation is always confined 
to the silicified gneiss, probably owing to the brittle 
character of' this rock compared to the banded gneiss. 
Accompanying, or closely :following the brecciation was the 
introduction of ferruginous material discussed in the re­
port by Stillwell and Edwards ( 1945). Where this ferI'Ug­
inous material encountered the breccia, it reacted with 
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the matrix to give a hematite breccia, a rock consisting 
of angular quartzite-like fra@nents in a matrix consisting 
largely of hematite and felspar with the .felspar often al­
most completely kaolinised. In non-brecciated rocks, the 
.ferruginous material is confined to veins, a .few inches 
thick, in silicified gneiss. These veins consist of hema­
tite with kaolin, and were evidently formed by the action 
of the .ferrtlginous material on the gneiss along joint 
planes. In a few places the ferruginous material seems to 
have soaked into the enclosing rock; giving an 'argillaceous 
ironstone' traversed by veins of hematite rock, 

The matrix .of' the. breccia varies in composition. 
Specular hematite is present iri nearly all o.f i t 9 but the 
nature of' the material accompanying the hematite varies. 
Sometimes it is clayey; making the 'swelling ground' which 
made mining and diamond drilling operations so difficult in 
some places. In other places the matrix is hard, giving 
a black matrix studded with the shiny flecks of hematite. 
On the surf'ace the hardening.ef'fect on the clay and probably 
some 'case-hardening' ef'fect have converted the clayey to a 
hard matri.x, so that the former is rarely seen on the sur­
f'ace. 

The predominant strike of' the hematite breccia 
is .N.E.-s.W. 9 which is shown by '.fingers' having this 
strike at each end of' the main mass of hematite breccia. 
This strike is also clearly shown on the north side of' the 
lode channel on the 100 f't. level. However, at the north­
ern end of' the massive outcrop on top of the ridge the con­
tact with the silicif'ied gneiss seems to have a N.w • ..:.s.E. 
strike. Actually, of course, there must be more than one 
strike to allow the bµlging of the hematite breccia that is 
seen in the big outcrop. 

Besides the brecciation, the rocks show numerous 
signs of' deformation in the presence of fault planes. The 
most persist.ent of these is the 'lode channel', illl E-W shear 
dipping 70° S; which persists from the surface to the 150 ft. 
sub-level in the No.2 winze. The shearing movement along 
this plane originated as the movement along a bedding plane 
in the banded gneiss, and which continued through the silic­
i.fied gneiss and the hematite breccia. On moving away 
from the contact with the banded gneiss into the silicif'ied 
gneiss and hematite breccia, the shefl.r shows a tend ency 
to sp+it into branches, due probably to the removal of' the 
concentration of shearing stress imposed by the bedding 
planes. · · 

It is not quite clear from the field evidence 
whether the shearing movement of' the lode channel occurred 
before or after the formotion of the hematite breccia. 
It is more than possible 9 of course, that the stresses 
which caused the shearing along the lode channel would also 
cGuse the brecciation of the silicified gneiss, but against 
this conception is the f'act that there is no spreading of 
specular hematite rock along the lode channel from the. 
hematite breccie, a phenomenon which would be expected i_f 
the heme.tit e were formed efter the lode channel. The 
difference of configuration of the hem~tite breccia pro­
jected on to the foot-wnll 2nd hanging wall of the lode 
channel suggests that the sheE'.ring movement wns pre­
breccietion. However, the shape of' the breccin is very 
lenticular and it is quite likely that shearing would 
occur at any sudden change of thickness, nnd the config­
urations of' the projections of the breccia on the lode are 
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confused by the complexity of faulting in the vicinity. 
Bee.ring these fc,c ts in mind, it seems more likely thc.t the 
shenring occurred after th~ brecciation. 

(iii) Ore Deposit. 

The ore deposit is formed in the lode channel. 
From the surface to a depth of 25 ft. it wns reported that 
there wns a vein of torbernite one inch wide, but at that 
depth there was a sudden widening of the lode to several 
feet. Between this depth to the 50 ft. level, Rnd along a 
length .of o.bout 25 ft., the m2in stope of the mine occurred. 
There was no ore worked beneath the 50 ft. level. Thus 
the lateral extent of the ore shoot was only 25 ft., with a 
vertical extent of only 25 ft., making an ore shoot of very 
small dimensionso 

Acc.ordin g to Mr. G. A. Greenwood, the ore con­
sisted of a· breccia in which the mntrix was au tuni te e.nd 
mnngnniferous ironstone. The fragments of the breccia con-
sisted of silicified gneiss. The manganiferous ironstone 
is a prominent feature of the o~e deposition. It can be 
seen around the sides .of the old stopes occurring along the 
course of the vo.rious shear walls 9 cmd usually it forms ore 
contci.ining about 1% u305. In the richest of the ore mined 
during eo.rlier operntions apparently the autuni te had re­
placed the ironstone, giving the ore described above in 
which part of the matrix of the breccia consists of autunite. 
Away f'rom the main ore shoot the manganiferous ironstone 
rapidly thins to a vein about an inch wide and finally dis-
appears. However, 'even when there is no continuous vein 
of-manganiferous ironstone on the shear wall there.a>e often 
f'ragments of this material in the crushed 'lode channel', 
and these fragments usually contain flecks of torberni te. 

The recent development on tbi s deposit showed 
that sm2ll amounts of torbcrnite tend to occur near the 
outer margins of the hematite brecci.a. Sometimes the 
torbernite occurs in the silicif'ied gneiss near its contact 
with the hematite breccia. When the torberni te occurs in 
the hematite breccia, it is often ~s flakes in the joint 
planes of the fragments of' silicif'ied gneiss. 

The rocks surrounding .the main ore shoot are 
very faulted. To the north, on the f'ootwall of the mnin 
sheo.r the rocks show. practically no sign of f'aulting. To 
the south on the hanging wall of the main shee..r, where the 
ore body occurred, 2. number of faults occur whose courses 
are shown by manganiferous ironstone. Another significant 

·f'ec.ture is the presence in the' rocks on the hanging wall of' 
the shear plane of a ''V" shaped mass of silicified gneiss 
between two bodies of heme.ti te breccia. This "V" shaped 
mass is 20 ft. wide at the surface nnd tapers to nothing 
at the 50 ft. level, so that below this level the two 
bodies of hematite breccia become one. The shape of' the 
main ore-body seems to have been largely controlled "by 
the shape of this wedge. In the oper'l cut, the top of 
the stope seems to follow not so much the main shear as 
the silicif'ied gneiss-breccia contact. At this point an 
echelon structure of .the main shear occurs, ci.nd the shear 
wall on the 50 ft. level is to the south of' that on the 
surface. The ore body seems to occur in the echelon gap 
between the two shears~ 

In considering the deposition of the ore-body 
there seems to have been two main factors involved. The 
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first of these is obviously the main 9hear. The other, not 
so obvious, is the edge of the hematite breccia. The main 
ore-shoot was situated at the intersection of these two 
:features. What inf'luence the "V" shape of the silicif'ied 
gneiss and its much-faulted structure had upon the deposition 
of the ore has already been discussed. 

n Av el or.Pl Pn t. 

The development or' tile mine was influenced throughout 
by the stage of lrnowledge of the lode structure which had 
been reached. At the beginning of the present operations 
nearly all the workings consisted of drives on the lode 
channel or cross-cuts in the banded gneiss or brece:ia9 and 
there was little indication of the ·structure of the hema..., 
tite breccia. The initial examination revealed first, of 
course 9 the association of the ore deposit with the main 
E-W shear (lode channel) 9 and second 9 tbe proximity of the 
deposit to the contact of the banded gneiss and the silic~ 
ifiecl gneiss and hematite breccia9 which at that stage were 
grouped to get her under the name of 'unbanded' rocks. A 
development program was then laid out 9 first to continue 
the prospecting of the lode channel with winzes from the 
50 ft. level and 100 ft. level, and second to search for 
possible parall~l lode channel~ by driving north from the 
100 ft. level and continuing the 100 ft. level south Portal. 
Also diamond drilling was to be conducted north from the · 
100 ft. level. The northern drive from the 100 ft. level 
was to follow the. contact of the banded gneiss and the 
'unbanded rocks' which it did for the first part of its 
course. Hovvever 9 torberni-te hnd been encountered in one 
of the diamond drill holes, so the drive was turned to this 
point. Near the point where torberoi te had been encoun-
tered the drive branched, one branch.going to the north in 
accordance with the orig~oal ·programme, and the other to 
the east to reach the spot ,;1here torbernite had been en­
countered. This point was on the eastern margin of the 
breccia, and it became clear that the f'lakes of torbernite 
were connected with· the edge of' "the breccia. Thus the 
northern branch was abandoned and the eastern branch more 
or less following the eastern contact of the breccia was 
continued. - Flakes of torberni te were encountered all the 
way but the assays of' the samples averaged only 0.07% 
U308 with a maximum of o. 16% u305. 'l'he No.1 winze :from 
the 50 ft. level encountered a fair showing of torbernite 
at its colle.r, but it passed almost immediately out of 
this end continued on flakes of torbernite to a depth of 
76 ft., passing to the south of the 100 ft. level. On 
the su.spicion that the ore showing at the collar _may have 
had a flat pitch, an intermediate level (80') was driven 
f:r;>om this winze to the east, but no values were encount-
ered alt hough there vJere f'lakcs of torberoi te. No. 2 
winze was sunk from the 100 ft. level on the f'ootwall of' 
the lode channel 9 but for the last ten feet it was sunk 
too steep Gnd the lode wall w~s to the south of the winze. 
A crosscut w2s driven from the bottom of the winze thI'ough 
the lode channel, which consisted largely of .a seam of 
manganiferoui=i material about 1 ft. thick. To 111ards the 
end of' the operations a drive was started north from the 
50 ft. level to cut any possible parallel lode channels 
in the hematite broccio near the surface~ but all the 
drive showed was the occurrence of torberni te flakes near 
the contact of the breccia. 

A surface shaf't was sunk on 2..n outc.rop of hematite 
breccia where a slickensided shear and a Geiger-Muller 
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'high' coincided. In the first six feet this shaft passed 
out of' ironstone although the wall continued. The shaft was 
continued on tho shear to a depth of 18 ft. and abandoned. 

Altogether seven diamond drill holes 9 totalling 1249 
feet were drilled. The first hole from the 100 ft. level 
was c.lmost due north (grid north) and horizontal.. ·The 
second was on the some line but depressed at an angle of 
22t0 • These holes passed into banded gneiss at about 50 ft. 
and so two hol~s farther to the east were fixed. ~0.3 hole, 
hori.zontal 9 wes in hematite breccia for most of its course 
and several flakes of torberni te ·were seen in the core. 
No.5 hole was drilled to the east from the s2me set-up to 
test nny rec'urronce of hematite brecci a. No. 6 hole was 
designed to cut the hematite breccia near the water-level. 
With a drill of' limited capacity. c.nd the behaviour of the 
breccia at depth uncertain 9 the hole was awkward to design. 
The hole passed through kaolin f'or one foot from 199 to 200 
feet which evidently represented the downward continuation 
of'.the main shear. ·No rock similo_r to the hematite breccia 
was encountered in the hole, but 1°rom 238 f't. to 256 ft. some 

· breccio.ted silicified gneiss with hematite veinlets and 
kaolinised felspar was met. ~his rock may represent the 
downward continuntion of the hemo.tite brcccia. 

No.7 hole wns drilled in pl2cic of continuing the 
50 ft~ level north drive. 

(v) Future Development. 

The origin of the deposit has been discussed fUlly 
clsewh~re in this bulletin (Broadhurst 1945) •. The probab­
ility of o. payable ore-body occurring depends on the origin 
of the deposits. It will be seen there are several poss-
ible explanations of the origin of the deposits. All of 
them are conn cct ed with the heme.ti te brecci a, e.nd. an ex­
ploration in depth of this feature seems to be more ·important 
thnn even the exploration of' the main shear. However, none 
of the prospecting progro.mmes are very attractive, since it 
is only one possibility in mGny that the hematite breccia 
is the oxidised portion of a pnyctble uranilitrn lode which 
would be encountered below water level, with perhaps some 
enrichment at the water level. Owing to the irregular 
slope of the breccia, the ho:J,.es would have to be closely 
spaced, and it is estimated that 8-10 holes totalling 
3, 000-4, 000 feet would "be necessary to trace the .breccia to 
water-level, i:f it persists as far RS that. The failure 
of the No.6 diamond drill hole to strike a hematite breccia 
def'ioiteiy similar to that near the surface was discoura~ 
ing. Altogether, future development on this deposit is not 
attractive, and certainly nothing should be attempted until 
drilling hos been carried out on some East Painter deposit~. 

(vi). Results of' So.mpling. 

The srnnpling on these workings revealed that there 
was some possible ore from the following sources: -

Dumps. In the dump bet\•1een the 25 ft. and 50 ft. 
levels, ther~ is about 100 tons of material con­
taining 0.36% u308. 

Stope Fillin_g. In the stops between the open cut 
8.!ld the 50 ft. level 9 there would be about 50 tons 
of' about the s8rne grade 2s th.e dumps. 



Sample 
No. 

Dump A 
(Fine) 

Dump A 
(Coarse 

72 

71 

70 

69 
68 

67 

66 

65 

64 

63 

62 

61 
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Ore. Some ore has been left on the side.of the stopes, 
nnd would be dif'ficult to extract. There would not 
be more than 50 tons containing about 0.4% U303. 

Position 

Surf ace 
dumps 

II 

II 

" 
II 

II 

Surface 

II 

II 

ti 

ti 

II 

II 

" 

5.0 

4,5 

4. 5 I 

5,0 

. 5. 0 

5.0 

5.0 

I 5.0 

J_ 

Mount Painter No.6 Workings. 

_Tables of' Srunplinr; Results. 

SURFACE 

0,0'"' 
0.02 

0.05 

0.05 
0.05 

Type of 
Samples 

Bulk 

II 

II 

II 

II 

Remarks 

Fine dump between 25 and 
50 feet levels. 

Coerse dump be·tween 25 
and 50ft. levels. 

Dump between 25ft. level 
and brace. 

Dump at south of brace. 

Dump east side of ridge 
below costean. 

O. 04 1 " Dump below Sample No. 70 
0.27 j Channel Cut above open cut. 
0.13 

0.04 

0.02 
0.10 

0.07 
0.17 

0.12 
0.07 

0.02 
0.05 

0.03 
0.04 

0.05 
0.02 

" 
II 

" 

II 

II 

II 

II 

fl 

II 

II 

" 

" 
II 

" 
II 
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25 FT. LEVEL AND OPEN CUT 

Sample Position Length Geiger Assay Type of' Remarks . No. Feet Muller U30s% samples 

• 33 Open 1.1 1.44 Channel 
Cut 0.56 

34 II 5.0 l.10 II 

1.11 

35 " 5.0 0.15 II 

o.i7 

36 II 5.0 0.07 " 
37 " 5.0 0.15 " 
39 25 ft. 5.0 0.16 " Level 0.21 

40 II 5.0 0.11 " 0.08 

41 II 5.0 0.02 II 

0.06 

42 ti 5.0 nil II 

0.03 

• 43 ti 3.0 0.04 II 

nil 

44 West 4.0 0.18 II 

drive 0.03 

EAST ADIT 

Sample Position Length Gelger Assay Type of' Remarks No. Feet Muller %U30s sample 

1 Wall of' 10.0 0.02 Channel 
2 Adit 10.0 0.02 II 

0.04 

3 II 10.0 0.03 II 

0.06 

4 II io.o 0.04 
,, 

0.04 

5 II 10.0 0.01 ti 

• 0.01 
0.03 

6 " 10.0 0.02 II 
" 

0.05 

7 " 10.0 0.03 " 
8 II 4.4 0.03 " " 0.04 

0.02 
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32 FT .. SUB-LEVEL 

Sample Position Length Geiger Assay Type of Remarks 
• No. Feet Muller %1'30g sample 

73 3.0 0.38 Channel On lode 
0. 3-6 

73X 3.5 0.07 " On mullock on footwall 
0.10 

74 2.0 0.31 " On lode 
0.32 

74X 3.0 0.04 fl Mullock on f'ootwall 
0.03 

75 2.0 0.07 fl On lode 
0.02 

75X 3.0 0.04 " Mullock on f'ootwall 
0.02 

76 2.0 0.04 fl On lode 
0.07 

76X 3.0 tr. " Mullock on f'ootwall 

• 0.05 

77 3.0 0.03 " On lode 
tr. 

' 

RISE ABOVE 50 FT" LEVEL 

Sample Position Length Geiger Assay Type of Remarks No. Feet Muller %U30s sample 

1 3.0' 0.02 Chip 

2 3.5 0.01 

3 4.0 0.02 

• 
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50 FT. LEVEL 

~~--- -

Sample Position Length Geiger Assay Type of Remarks 
No. Feet Muller %U30g sample 

9 Main 3.5 0.01 Channel· • drive 

10 II 3.6 0.20 II 

' 

11 fl 4.1 0.02 II 

nil 

21 II 5;,4 0.06 II 

0.01 

22 fl 5.6 0.02 " 
0.02 

80 II 4.0 0.25 II Floor sample. 

I 
0.13 

81 II 4.0 0.03 11, " ti 

0.13 

82 II 4.0 0.15 II fl fl 

0.13 

28 " 3.9 0.49 
0.49 

I 

930 " 4.7 I 0.40 
0.32 

31 " 4.4 0.04 
0.06 

I 
12 s.w.cross- 5.0 0.09 I 

cut 
I 

0.15 

13 II 5.0 0.01 
0.08 

14 " 5.0 0.04 
0.05 

15 II 4. 4. 0.08 
·0.03 

16 II 5.0 tr. 
0.01 

17 II 5.0 0.01 . 
0.01 

18 II 5.0 0.06 

• 0.01 

19 S.W.Cross 5.0 0.09 Channel 
cut 0.02 

20 II 6.5 0.08 II 

0.02 

23 South 5.0 0.16 II 

Crosscut 0.09 

·------ ----- . ...._.._._~----~--·-
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50 FT. LEVEL 

------· 

Sample Position Length Geiger A.ssay. Type of' . Remarks 
No. Feet Muller %U303 sample 

-

• 24 South 5.0 0.02 Channel 
Crosscut 0.01 

25 II 5.0 I 0.07 II 

0~03 

I I 
26 II I 5.0 0.02 " 

I 0.01 

27 II 4.0 0.07 II 

I 0.02 

29 .south 6.5 0.32 11 

cuddy 

1 " 

I 

2.0 0.30 chip Check sample 

2 " 2.0 0,09 " " 
3 " 2.0 0.07 ii II 

10 North 3.0 bulk 
drive 

I I . 
9 ' II 3.0 II 

l ' 

• 8 II 3.0 ti 

I 

7 II 3.0 " 
6 " I 

3.0 ti 

I 
5 " 3.0 II 

4 II 3.0 " 
3 II 3.0 " 
2 " 3.0 " 
1 II 3.0 " 

lA 11 3o0 tr. " 
2A " 3 nil II 

3A " 3 tr. II 

4A YI 3· (0.1% " 
5A II 3 tr. II 

• 6A II 2 nil " 
7A " 5 0.05 

I If I 

SA ti 5 0.01 II 

9A " 4 0.03 II 

lOA " 3 tr. II 

____ .i___ I ·-· -
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50 FT. LEVEL 

Sample Position Length Geiger Assay Type of Remarks 
No. Feet Muller %U303 Sample 

llA North 3 0.03 Bulk 
Drive 

12.A If 2 0.05 II 

• 13.A " 2 0.27 !I 

14.A 11 3 0.08 II 

15.A " 2.5 0.12 II 

16A II 2.5 0.10 II 

- .. 
17A II 3 0.10 " 
18A " 2 0.10 " 
19A " 3 0.17 II 

20A II 3 0.04 II 

i l 21A I II 3 0.03 II 

I I 22A II 3 0.03 " 
23A I II I 4 0.06 ti 

24.A II 3 0.08 II 

25A II 2 0.04 " • 26A " 3. 0.10 " 
27A II 3 o.o4 II 

28A ti 4 nil II 

29A 
I 

" 3.5 tr. II 
I 

30A I " I 3.0 tr. " 
NO. 1 WHJZE 

1 3.3 0.03 Chip 

2 1.6 0.03 !I 

3 3.0 0.03 II· 

4 3. 7. 0.04 II 

5 4.0 tr. " 
6 4.0 tr. II 

7 6.0 0.06 ii 

• 8 6.7 0.03 II 

9 4.4 tr. II 
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NO. 1 WINZE 

Sample Position Length Geiger Assay Type of' Remarks No. Feet Muller %U308 Sample 

• 10· 1.0 tr . Chip 

11 2.7 nil II 

• 
l2 2.7 tr. II 

13 5.0 tr. II 

14 4.0 nil. II 

I 
15 I 2.8 nil. II 

16 4.2 nil. II 

17 3.6 tr. II 

18 4.8 nil. II 

19 4.7 tr. II 

20 10.0 0.02 II 

21 4.0 0.02 II 

22 4.0 0.02 II 

.3 4.0 0.02 " 
24 I 4.5 tr. II 

25 4.0 0.02 11 

26 3.5 0.02 II 

27 3.5 tr. II 

28 3.5 0.01 ti 

29 3.5 nil ti 

80 FT. SUB-LEVEL 

1 4.7 < 0.1% Chip 

2 4.7 II " 
3 5.0 II " 
4 4.2 II II 

5 4.0 II II 

~6 3.9 II II 

_,,. 

7 4.3 II II 

8 3.9 " II 

g 3.9 about 0.02 II 

0.1% 

10 4.0 < 0.1% II 
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80 FT.· SUB-LEVEL 

Sample Position Length Geiger Assay Type of Remarks 
No. Feet Muller %U30g Sample 

11 3.6 < 0.1% 0.02 Chip 

• 12 3,4 " " 
13 4.2 about 0.02 " . 

0.1% 

14 3.9 " 0.03 II 

15 3.9 II 0.02 " 
16 3.3 " 0.1% 0.07 II 

/ 

17 3.3 about 0.02 ' " 
o.1;1o 

18 2.2 11 0.06 " 
100 FT. LEVEL - SOUTH PORTAL 

54 Main 3.2 0.03 Channel 
drive 0.03 

55 " 4.0 0.01 " 
0.04 

56 II 3.2 0.04 II 

tr . 

• 57 II 3.6 0.03 ii 

0.01 

58 " 3.2 0.01 " 
0.01 

59 'II 3.4 tr. II 

0.02 

60 If 3.8 0.01 
0.03 

1 " 3.3 tr. Chip 

2 " 3.3 tr. II 

3 If 3.5 tr. " 
4 " 4.5 tr. " 
5 II 5.0 tr. " 
6 " 4.7 tr. " 
7 II <1.0 tr. II 

8 II 5.0 tr . " • 9 II 3.7 0.02 " 
10· II 3~8 tr. II 

11 II 3.3 0.03 " 
12 N .W. 5.0 0.03 II Wall sample 

drive 



Sample 
No. 

13 

• 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 I 

11 I 
, I 

I 

12 
l 

I 
- 13 • 

14 

15 

16 

17 I 

48 

49 

49X 

50 

51 

Position 

N .W. 
Drive 

ti 

ti 

II 

II 

II 

II 

II 

ti 

II 

" 
II 

" 
ti 

I! 

" 
ti 

II 

Main 
Drive 

ti 

" 
II 

II 

Length 
Ft. 

I 

I 5.0 

I 

I 3.1 

i 3.6 

3.7 

i 3.9 
I 

3.8 

4.2 

I 3.8 

I 3.9 

I 4.2 

I 3.7 

3.8 

3.2 

3.7 

3.8 

3.7 

4.0 

4.2 

4.8 

4.9 

3.4 

4.6 

3.3 

• 52· 

I 

~~:_:~~..__~--~-~-·~_;_._-~~-'-~~::: l 
11 3.0 
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100 FT. LEVEL - SOUTH PORTAL 

Geiger Assay Type 
Muller %U30s Sample 

0.06 Chip 

about 0.02 ti 

0.1% 
ti 0.07 ti 

(0.1% II 

about 0.04 " 
0.1% 

< 0.1% II 

" " 
II ll 

" Chip 

II II 

II ti 

nil ii 

II I II 

ti " 
II " 
" II 

II II 

II II 

100 FT. LEVEL 

I 
I 

tr. 
o.os 

0.06 

0.04 
0.02 

0.05 
o.os 
tr. 
tr. 

tr. 
0.01 

0.04 
0.04 

0.03 
0.03 

Channel 

ii 

If 

ii 

II 

II 

II 

Remarks 

Wall sample 
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100 FT. LEVEL 
.. 

Sample Position Length Geiger Assay Type of 
Remarks 

No. ·pt, Muller %U30s Sample 

46 South 5.0 nil Channel 
.~ 

Cross- nil ,,, 
cut 

I 45 ti 5.0 nil ii 

nil 

1 N .E. 7.0 nil fl 

Cuddy 0.03 

2 II 4.0 0.12 II 

0.06 

l(a) North 5.0 tr. Bulk 
Drive 

2 (a) " 5.0 Nil ti 

3(a) " 5.0 nil II 

4(a) " I 5.0 I nil " ! 

" 
I c-. 

1 

I 
4.2 nil Chip 

2 II 4.4 nil II 

3 ti 3.9 nil II 

4 II 4.0 nil II 

5 II 4.6 ... I nil II 

;···6 ti 4.4 I nil II 

7 " 4.2 I nil ti 

-
8 II 4.3 . I nil ti 

., 
I 9 . " 3.7 nil II 
I 

10 " 3.8 nil ti 

11 ti I 4.2 . / at. II '0. l 1o 
i 

12 II 4.3 nil II 

I 
13 II 4.4 nil 

I II 
! 

14 " ! 4.2 nil II 
j 

. 
15 " 4.4 tr. II 

16 II 3.3 I nil II 

17 II 3.9 nil II 

18 " 4.7 I tr. II 

I 
19 " 

I < 0.1~ II 4.0 ! 

.20 ti 4.8 I ii ·I ii 

21 II 5.7 
. • I 

I II ii 

22 ti 5.0 I " ". 
_, 

I 



Sample Position Length 
No . Feet • .. 

lX North 3.0 
Drive 
N.Branc:ih 

2X II 3.0 
i 

3X " 3.0 

4X " 3.0 

5X I " 3.0 

6X " 3.0 I 
7X " 3.0 I 
lA " 3.0 I 
2A " 3.0 

I 3A II 3.0 
I 

4A i " 3.0 

• 5A II 3.0 

6A II 3.0 

lP- J\1 or th 4.0 
Drive 
E.Branch 

2A II 4.0 

3A II 4.0 

4A II 4.0 

5A ti 4.0 

6A II 4.0 

7A " 4.0 

BA " 4.0 

9A II 4.0 

lOA " 3.5 • llA " 3.5 
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100 FT. LEVEL 

Geiger· Assay 
Muller %U30g 

-·-~·-

tr. 

< 0.1% 

II 

tr. 

nil 

tr. 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

< 0.1% 

<0.1% 

<0.1% 

0.05 

0.01 

0.02 

0.06 

0.09 

0.12 

0.16 

0.05 

' 

Type of Remarks Sample 

Bulk 
I 

" 
II 

I 
II ' I 

" 
" 
" 
" 
" 
II 

I II 

" 
II 

Chip 

II 

I 
II 

· 1 
j 

II 

" 
II 

II 

" 
" 
" 
II 
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NO. 2 WINZE 

Sample Position Length Geiger Assay Type of' Remarks 
No. Feet Muller %U30s Sample 
-
1 4.7 0.02 Chip I • 

l(a) nil " 
2 4.2 nil " 
3 4.0 tr. " 
4 3.8 nil ti 

5 4.1 nil " 
6 3.7 nil II 

7 4.0 nil II 

8 3.9 nil " 
9 4.2 nil ti 

10 3.8 nil " 
11 3.5 nil " 

• 12 3.7 ni 1 " 
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(vii) Diamond Drill Logs • 

. -

0-' 211 
21 1 - 35 I 
35 I - 52 I 

52 1 -1011411 

Diamond Drill Hole No. 1 

Fin~ Hematite breccia, felspathic fragments. 
Specular hematite and kaolin. _ At 35 1 possible wall. 
Siliceous gneiss. Broken surface reveals only quartz 

but smooth surface shows felspar remnants. 

All sheared with small amount ironstone veins. 

At 43ft. some quartz vughs and kaolin seams w:!:th 
som.e slickens ides. ··.~ r' 

At 52ft. many slickensided faces and rock is broken; 
probably fault plane. 

Rocks riche~ in mica, occurring in parallel bands 
probabl:;c be:t'nded gneiss. ~ 

At 73ft. small quartz vughs with flecks of 
.torbernite (small core recovery). 

At 88ft. - lft. of silicified gneiss. 

At 92ft. brecciated rock with s~ams of quartz 
crystals. 

(Banded gneiss shows signs of injection of igneous 
material, from thin veins to those lft. wide.) 

101' 4 11 
- 154 1 Bandod gneiss with inj ectfld ignoous material and much 

biotite. 

At llOft. lin. seam of clay .. 

At 125ft. about 6in. of clay with slickonsidod 
surfa:.rns.: probably a shear. 

·At 128ft~· lin. of clay. 

154 1 - 159 1 Siliceous ferruginous breccia.injocted with much 
igneous m2'torial. 

159' 

187 1 

187 1 Kaolinised pegma ti tic granite.· 

201 1 Banded gneiss. 

0' - 10' 
10 1 1116 11 

11 1 6 11
- 13' 

13 I - 14 I 
14' - l 7 1 

17 1 - 20 1 

201 - 23' 
23 1 - 25_16 11 

25 1 6 11
- 27 1 

271 28 I 
28' 32 r 
32 I 35 I 
35 I - 43 I 

. 43 1 

46' 
60 1 

- 46 1 

60' 
- 63' 

Hole completed at 201 1 • 

Diamond Drill Hole No. 2 

Siliceous broccia. 
Argillaccous ironstone. 
Kaolin nnd specular .hematite. 
Siliceous broccia. 
Argilleccous ironstone. 
Siliceous broccia. 
Hematite breccia. 
Siliceous broccia. 
Argillaceous ironstone. 
Kaplin and specular hematite. 
Silicoou~ breccia. 
Hematite broccia. 
Crush zone of kaolin and fragmented rocks. 

At 43' probable wall~ 

Silici.fiod gneiss . 
Banded gneiss injected with much igneous. material. 
Mainly granitic injection gneiss. 



63 I 

01 
4' 
11 1 

311 
351 

112'9 11 

41 
11 1 

31 1 

35 1 

45 1 

45' - 52 I 

52 I 1101 

110' - 120 1 4 11 

12014 11 -161 1 5 11 

161 15 11 -163 1 9 11 

163 1 9 11
- 200 1 

- 21 -

Banded gnois~ with.varying amounts of injection 
averaging about 50% igneous material; · 

At 87ft. possible shear. 
At 106ft. quartz· 6in. wide. 

Holo completed at'll2 1 9 11 
. . 

Diamond Drill Holo No.3 

.Siliceous breccia 
Siliceous broccia. 
Hematite 

At 24 1 and 26 1 flecks of torbornite. 

Siliceous breccia. 
Hematite breccia. 

At 441 torbernite seam abour 1/16 11 thick. 

Brecciated quartzito. 

At 45'-48 1 torbernite flecks through core. 
51 1 -52 1 slickcnsided facos with torbcrnite. 
Probable shear at 52'. 

Hematite breccia. Breccia much firmer and much 
more complete rep lac emont by iron than bef'ore, 
in places appearing entirely hematite. ' 

52 1 -53 1 slickensidod f~cos with torbernite. 

At 80 1 hole along joint with torbernite. 
At 9012 1• torbernite flecks and vesicular texture. 

Possible shear. 
At .97' lft. of sheared quartzite with torbernite 

along joint plane. 
At 107 1 slickenside with flecks of torbernite. 

Hematite breccia, development of hematite as intense 
as above. 

Hematite breccia showing about 20% kaolin. 

At 1331 sulphide stain. 
147'-149 1 some slibkensides with small quartz 

vughs. 

Silicified gneiss, rather slickensided. Possible. 
sh0ar. 

Braccia with specular iron and fine grey ground mass. 

At 198 1 and 200 1 about 4 11 mf silicified gneiss. 

200 1 - 22 1111 11 Mainly hematite breccia, with bands, average width 611 

01 31 
31 8 I 6 11 

8 I 6 11 1316 11 

13 1 6 11 - .15 1 6 11 

15 16 11 - 24 1 

241 28' 
28' 32' 

of silicifiod and biotite-rich gneiss. 

Hole completed at 221 111 11 

Diamond Drill Hole No. 4 

Hematite broccia 
Siliceous breccia. 
Specular kaolinitic hematite breccia. 
Silicified g'·oiss with vughs filled with mammillary 
quartz. . . 

Alternating silicified gneiss and specular kaolinitic 
hematite breccia. At 23 1 6 11 torbernite along joint. 

Silicified gneiss. · 
Mixture of hematite and.siiic:i..fi8d gneiss. 

At 28ft. small amount of torbernite along joint. 



32' 
58 1 6 11 -

5916
11 

\_-. 
64' 
69' ~. 
70 1 6 11 

-

72' 
79 1 

80 1 

8116 11 
-

105 1 

105'6 11
-

1071411-

0' 
51 

:\ 
\, '\. 22 -

\ '· 
58'~.6 11 'Slightly brecc~ated silicifiod gneiss. 
591,5 11 Ifematite breccia. 
64 1 · Si~icifi~~ gneiss. 
69 1 Hemktite breccia. 
70 1 6 11 Siliceous',,:;4"br.eccia. 
72 1 Hematite breccia. 
79' Siliceous breccia with biotite flakes 
80 1 Hematite breccia 
81'6 11 Silicified gneiss. 
1051 Hematite breccia. At 88 1 6 11 torbernite along joints. 
105 1 6 11 Silicified gneiss. 
107 1 4 11 Hematite breccia. 
115'1" Hematite breccia with both clayey and dehse he~atite. 

matrix. At 115 1 ferruginous ~uartzite. 

51 
6' 
9 I 6 II 

Hole abandoned at 115 11 11 on account of caving 
ground. 

Diamond Drill Holo No. 5 

6' 
9'6 11 

12 1 6 11 

14 1 

15' 
27 1 

- 1216 11 

14' 
15 1 

27 1 

29 1 

Silicificd gneiss. 
Soft he ma ti to broccia; 
Silicified gneiss. 
Hematite breccia. 
Silicified gneiss. 
Hematite breccia. 
Silicified gneiss. 
Hematite breccia. 

29 1 31 1 6 11 

31 1 6 11 33' 
33 I 34 I 

34 I· 351 

35 1 37 1 

37 1 381611 

38'6" - 431 
43 1 44·1 

44 1 451 

45 1 48 1 

48 1 60 1 

60' 62'6 11 

62'6"·- 83' 
83 1 100 1 

QI 100 1 

100 1 103' 
103' 194 1 6 11 

194'6 11
- 199 1 

199 1 200 1 

200' 238 1 

2381 2461 

246 1 256' 

256' 279 1 

279 1 294' 

At 27ft. angle of contact about·3o0 • 
Considerable clay near contact. 

Silicifiod gneiss. 
Siliceous breccia. 
Silicifiod gneiss. 
Decomposed pegrnatitic granite (?) 
Clay and decomposed iron ore. 
Biotite rock, Biotite at 30° to hole. 

Hematite breccia. 
Silicified gneiss. 
Soft hematite braccia. 
Silicified gneiss. 
Much sheared silicified gneiss. 
Silicifled gneiss with biotite bands and sheared 

in places .. 
Reddish brecciated rock with blobs of iron ore up 

to ~.1 1 diameter. 
Siliceous breccia with some biotite. 
Silicified gneiss with occasional quartz vughs and 
biotite rich bands. 

Hole completed at 100 1 

Diamond Drill Hole No. 6 

Banded gneiss. 
Clay, mineral with manganiferous ironstone 
Banded gneiss. . 
Ferruginous and biotite-rich sheared gneiss. 
Kaolin, probably fault material. 
Gneiss, showing various stages of granitisation. 
Silicified gneiss, veined with hematite and with 
kaolin in vughs. - · · 

Brecciated gneiss with kaolinised felspa~ and second-
ary ho mat i to. ,,,. .... 

Silicified gneiss w:ith considerable biotifte and veins 
of kaolin. " 

1 

Silicified gneiss, only occasional veins of kaolin 
and SLJ.all proportion of bioti to. - ;:~-



294 1 

01 
14' 
16' 
28 1 

461 
55' 
58 1 

136 1 

142' 
147 1 
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330 18 11 Gneiss, rather silicified with local developments 
of biotite, Some hematite veinlets. 

14' 
161 
28' 
46' 
55' 
58 1 

1361 
142 I 
147 1 

167 '-11 11 

Hole completed at 330 18 11 • 

Diamond Drill Hole No. 7 

Hematite breccia. 
Brecciated silicified gneiss, ferruginous matrix. 
Silicified gneiss. 
Brecciated silicified gneiss, ferruginous matrix. 
Mixture of lamprophyric rock and silicified gneiss. 
Breccia t·ed silicified gneiss, ferruginous matrix. 
Hematito breocia. 
Chiefly silicifiod gneiss with some hematite breccia. 
Hematite breccia. 
Brebciated pegmatitic granite. 

Hole completed at 167'11 11
• 

E. No. 7 Workings 

by 
E. Broadhurst, Geological Survey of South 

Australia. 
(Plan 2997, Shoot 19 illustrates this report)~ 

(i) Location 

The No, 7 Workings are situated on tho spur to the west of 
the No. 6 Workings, on the opposite side of Radium Creek 
being about 500 feet from the creek. 

( j,i) Geology 

The rocks consist of sediments which have become altered to 
gneisses but which .still show bedding planes. Some of the 
bedding is regular, but in the vicinity-of the workings it 
is contorted and shows evidence of much movement. 

(iii) Workings 

The main workings are on top of the spur, consisting of a 
costean across the top of tho spur and a shaft sunk 40 feet 
from the surface, or 29 feet from the bottom of the costean. 
The shaft was sunk on a north-south shear, on which the 
uostean had been cut, dipping to the wost at about so0

• At 
a depth.of 30 feet the shear becomes indistinct. At a depth 
of 20 feet from the surface a drive was extended 11 feet 
along tho shear, and at tho bottom of' the shaft a cross-cut 
was drive~ 10 feet to the west. 

Tho bottom of tho shaft was cleaned out and examined during 
the recent operations, but tho whoie of the bottom level 
consists of normal gneiss. 

At the north end of tho costoan a shaft 11 feet deep has been 
sunk, and a small heap of ore containing torbornite has been 
obtained from this shaft. 

Farther down the spur to the east of the main shaft there are 
two old open cuts. These were formed from the working of 
seams of manganiferous ironstone up to pne foot in width, 
containing torbernite. The torbernite apparently was 
confined to the manganiferous ironstone, which occurred in 
zonos of contorted gneiss. · 
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800 feet to tho south of tho main No. 7 shaft, there is 
o.n occurrence of' uranium oro which was worked in open cuts on tho 
face of a bold outcrop. These workings were known as the Minerva 
Heights. Between tho main N:.). 7 shaft and.tho.Minerva Heights 
workings, the gneisses have a fairly regular strike and dip, but 
about 30 feet to the north of the latter workings the gneisses 
become contorted. Tho torgernite was associated with a strong 
shear plane striking at 100 and dipping so0 N, along the course 
of which manganif'erous ironstone occurred. As vii th the Ne. 7 
workings, the torbornite was associated with tho manganiferous 
ironstone. Only odd specimens can now be seen. 

~· No.8 Workings 

~)y 

C.J. Sullivan. Geologist, Mineral Resources 
Survey 

(Plan 3215, Sheet 39 illustrates this report). 

(i) Situation. 

This prospect is situated approx. 20 chn. north of the Main 
Camp. 

(ii) Geology and Workil'1:~ 

Torbernite was discovered in a sheared zone in granitic rocks 
very little hematite being pros0nt. Tho zone varies f~om 5 to 
10 feet in width and has an east-northeasterly strike. The 
torbernite is not associated with hematite nor with a particular 
crushed zone. The zone has been tested by moans of opon cuts 
3 to 8 feet in depth over a lene;th of approximately 150i't. 
At the eastern end of the zone, a shaft has boen sunk to a 
depth of 40 feet m•d n d:ri vu fr'on 1 t' extended for a distance of 
20 f'eet to the wost along the Ehear zone. 
The workings were carefully inspected but traces only of 
torbornite could bo found. Four samples cut from the most 
promising lookin~ places assayed a trace of uranium only. 

There are intrusions of pcgmatite in close proximity to the 
occurrence and from observations made elsewhere, it is 
considered possible that the uranium was derived from those 
intrusive:. rocks. It may have been cRrried into the sheared 
zone by ground waters. 

G. Locality nG" 

by 

R.C. Sprigg, Geological Survey of South 
Australia. 

Extensive outcrops of 11 ironstone 11 are located on the 
western extremities of Radium Ridge at a locality marked 11G11 on 
·the gcologi cal plans. 'EheK occur within a zone of crushed granitic 
rock. The main 11 ironsto3e ! formation is more or less semi-circular 
in plan and dips at 30-,.:CO to the east towards a centre, in a manner 
suggestive of' a cone dyko. Tabular outcropping masses of the 
"ironstone" are preserved on steep slopes vii th which they conform. 

Geiger 1'/Iuller nhighs 11 havo been recorded in several 
instances on the no: • .>thern and western extremities of the formation. 
They are all located at points of maximum elevation within the 
ironstone mass. The hematite is the main cohstituent of the "iron­
stone" body and hns a more massive form at the G.I'II. 11 high 11 points. 
It has a manganiforouR coating at the surface, 

No uranium minerals wore noted in tho "ironstone" and it 
is not known whether monazite is present. 
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H. Locality "J 11 

by 

R.C. Sprigg, Geological Survey of South 
Australia. 

Mt. Painter is a centre of extensive crushing and on 
its south-western shoulder there is a large mass of vughy quartz 
and siliceous ironstone which is known as locality 11 J 11 and marked 
as such on the geological map. There is also brecciated material 
on the north-western face of Mount Painter and this area appears 
to be favourable for the occurrence of uranium ores and warrants 
detailed examination. Although no uranium mineralization was 
discovered in a short visit to the locality, Mr. W. B. Greenwood 
is reported to have found torbernite in this area. 

2. EAST PAINTER GROUP 

A. General Statement 

by 

E, Broadhurst, Geological Survo,y of South Australia. 
(Plan 2949, sheet 20, illustrates this report) 

(i) Introduction 

The East Painter field is known as a locality distinct from 
Mb. Painter, due principally to the geographical isolation of 
the two camping centres from each other. Although the·Mt. 
Painter camping area and Greenwood's Camp at East Painter are 
less than three miles apart, there is a high ridge (the contin­
uation of' Mr. Paintor) between them and their distance apart 
by road is 50 milos. 

Previous to the present investigations, there were some small 
workings known on the east field as lE, 2E, etc. These workings 
were all small, smaller tha:µ the Mt. Painter workings. 
Previously the water supply had been a major difficulty, but 
with. the construction oi' the road and the striking of a water 
supply in the bore at tho mouth of the East Painter Creek gorge 
this difficulty was overcome. Most of the work done in the 
present investigation was on fresh deposits found in the Green­
wood's Cnmp area. 

(ii) Geology (~ast Painter or Greenwood's Camp area) 

The rooks in this area consist of sedimentary gneisses and their 
brecciated and granitised remnants. The readings of tho strikes 
and dips of the bedding planes of the gneisses have fairly 
regular results. The strikes and dips indicate that selective 
brecciation seems to have occurred, by which is meant that 
ccrtairi beds, or groups of' bods, have yielded more aasily than 
others to brocciation, so that the contact of tho brecciated 
and unbrecciatod rocks follows the strike of the bedding on the 
surface. This is particularly clear in tho gully containing the 
Nos. land 2 Workings,whcrc a bed 60 feet wide is brecciated and 
replaced by homatito, between two fairly massive beds of gneiss 
which show only rainor brecciation. 

The breccia shows all stages of replacErnient by hematite, from 
practically hematite-free breccia to rock consisting almost 
entirely of hematite. Tho occurrence of hematite is very 
irregular, and tho b.roccia rich in hematite seems to occur in 
scattered disconnected area, 

The area, mainly in tho brecciated zones, is traversed by a 
system of shears' which show up very prominently as ravines 
pas sing aoros s tho cliff's of breocia, or on tho sides of the 



Locality 

G .M. 1 

G .M. 2 

G.M. 3 

G .M. 4 
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outcrops forming cliff facos. Usually a vein of mangan­
iferous ironstone, about lft. wide, occurs along the course 
of the shears. The shears arc all practically vertical, 
and their strikes seem to fall into parallel groups - N.W. 
- S.E., E.-W., nnd N.E.-S.W. Probably those groups represent 
different periods of stress to which tho area was subjected. 

While the workings will be considered individually 
later, it is convenient to consider their relation to the 
general geology at this stage. All the occurrences of 
torbernito are associated with tho broccia. Curiously, 
the best showings of torbernite do not seem tc bo in the 
main outcrop of tho.broccia. Geiger Muller surveys over 
the main outcrop have shown radioactive 1highs 1 which 
generally coincide with tho more intense dovolopments of 
hcmatity. Napping over tho outcrops generally reveals 
occasional flakos of torbernito over those 1 high~ 1 • Tho 
principal discovery of torbornite is in tho No. 5 Workings, 
which ovvur on a shear striking at 345°, and is just at the 
foot of the clipp forming tho main outcrop. In those 
workings tho torbornito is associated with tho shear planes. 
The Nos. 1 and 2 workings are of a different nature, and 
occur in a bed of hematite breccia between granitised 
sediments. Here there are no shears and tho flakes of 
torbernite are present in 'leached cavities' and along . 
irregular joint planes in the hematite breccia formation. 
At tho surface these occurrences are very irregular, 
al though the hematite breccia is uni1'orm. 

(iii)Geiger Muller Survey. 

A Geiger Muller survey was undertaken in tho Green­
wood 1 s Camp Area. One portion of this survey was in the 
gully containing tho Nos. 1 and 2 Workings, and showed that 
there were two areas of higher radiation corresponding to 
these two deposits. Another portion was carried out over 
the cliffs of breccia to the N.E. of Greenwood's Camp, and 
the twelve points showing the highest radiations were marked. 
A detailed description of the survey is given in the section 
of this bulletin dealing with tho geophysical investigations, 
but it is convenient to give here a table showing the geo­
logical descriptions of thes~, twelve localities with their 
'radiation equivalents' and actual contents of U30s. 

···----- -- ---·~--
~ U30g 

Geological Description Geiger Chemical 
Mull or Assay 

Est:inate --------------------------·- ------t-----
Near shear, strike 30° and dip 75°E. L.0.1 N.il 

Dense hematite with boxwork cavities and 
very occasional flakes of torbernite. 

On cliff faco in cave. Brecciated graniti-
sed sediments, with small proportion of 0.11 0.16 
hematite in ma tr ix. Some veins of solid 
hematite with manganese minerals pseudo-
morphs. 

On same shear as G.M. 1. Similar rock to G. 
M. 1 Note-Between G.M.l and G.M.3 brec- 0.031 0.01 
ciated granitised sediments ooour. 

Small irregular veins, up to.lft. wide, of 
dense hematite with numerous boxwork cav- 0.023 Nil 
ities. In brecciated granitised sediments 
with manganiferous facings. 
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Locality Geological Description 

% U309 
Geiger Chemical 
Muller Assay 

Estimate 

G'.M. 5 An outcrop of granitised sediments with 
manganiforous coating. Hematite breccia 
within 3ft., with manganese replacing some 
mineral, possibly magnetite. 

L_ 0.1 0.02 

G .M. 6 Irregular replacement of brecciated granit­
ised sediments with hematite, which con­
tains numerous boxwork cavities and some 
torbernite flakes. 

G .M. 7 ) 
G .M. 8 ) 
G .• M: 9 ) 
G.M. 10) 

G.M. 11 

All in brecciated granitised sediments 
being replaced by hematite. Tho high 
points seem to depend on the amount of 
replacement by hematite. 

More intense replacement of brecciated 
granitisod sediments by hematite than 
G.M. 7 - G.M. 10. Some torbernite flakes 
and boxwork cavities~ 

,,:'._ 0.1 

. .::.'. 0.1 
.r.::· 0.1 
..:. o. 036 

0.14 

0.036 

0.01 

0.04 
0.02 
0,03 
0.20 

0.03 

G .M. 12 Granitised sediments with little brecciation 
and only small amount of alteration by he­
matite. Ne distinctive geological features 
from surrounding rocks. 

0.018 Nil 

_______ __._ ________________________________ _._ ____ _,,, ________ _ 
NOTE fl O.l signifies less than 0.1 per cent but not 

accurately determined 

B. Nos. 1 and 2 Workings, East Painter {Greenwood's) 
Camp 
by 

E. Broadhurst, Geological Survey of South Australia. 

(i) Description 

Up the length of tho gully formed by the brecciated bed between 
two prominent outcropping series of beds, there are a number of 
torbernite occurrences which are grouped as Nos. 1 and 2 Workings. 
One group of occurrences is near the bottom of the gully and is 
known as the No. 1 Workings, and another group, hear the top of the 
gully, is known as the No. 2 Workings. The surface workings are 
all small, the deepest shaft being 6 feet. The majority of the 
workings are merely pot-holes formed by a few shots being fired to 
disclose the nature of the rock on the surface. Other pot-holes 
were formed by removing the surface soil tc expose the underlying 
rock. An adit, 50 reet in length from the portal, was driven 
underneath tho No. 1 Workings. 

Tho torborhite occurs in two forms: 

(i) As 'leached cavities', which are boxwork cavities in dense 
hematite ironstone breccia. A series of spociments of these 
leached cavities were examined by Stillwell and Edwards (1945) 
and their conclusions are given in full in his report which 
appears earlier in this Bulletin. Briefly, his conclusions 
are that the cavities originally consisted of torbernite 
existing as plates extending across tho cavity, thus making 
a boxwork structure. The torbornite boxwork near tho surface 
becomes replaced to some extent by limoni tic or phosphatic r.iat­
erial, tending to diminish the uranium content of the rock near 
the surface. 
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.To what extent this process has been carried out cannot be 
determined. Cavities with only an encrustation of lepido­
crocite (limonite} are indicative merely of the former 
presence of pyrite. 

(ii) As 1 torbernite paint', which is sometimes thick enough to be 
described as thin seams~ This torbBrnite occurs along joint 
planes princi~ally in the ironstone. 

There is probably no material in these occurrences which can be 
regarded as ore. However, if all the leached cavities had originally 
been occupied by torbernite, the unleached material would probably be 
payahle ore. For this reason the deposits are worth further 
investigation. 

A disturbing feature of these deposits is tho size of the out­
crops. The outcrops of torbernite-bearing ironstone were small and 
irregular and it is clear that any torbernite occurrence would be 
difficult to follow in a shaft from the surface. For this reason 
adits along the course of the hematite breccia were recomr:tended to 
disclose the nature of the breccia at a reasonable depth beneath the 
surface. 

The Geiger T/Iuller survey in this area has shown that two definite 
areas of radioactivity exi~t, corresponding to the Nos. l and 2 
Workings, and between them the radioactivity falls to normal. Two 
adits were reco:r.rrnended, one for-each of these areas. The.lower of 
these adits, at the No. 1 Workings, was driven 50 feet from. the portal 
and reached a point 50 feet below the best concentration of torbernite 
exposed on the surface. Tho drive was in hematite breccia through-
out its course. The sanplos from the adit are given in the table 
below. No walls ~r geological features likely to cause a concen­
tration of values wore present in the adit, so the assay values 
given are likely to be representative of the complete bed of breccia. 
All the samples were tested by tho Geiger Muller before being sent 
for chemical assay, and those samples indicating a u3oe content of 
less than 0.1% wore not forwarded for assay. For this reason 
saoples 4, 5,. 11 and 12 were not assayed. 

Since there was no distinct torbernite in the breccia the assay 
results from the originBl bulk samples, although not high, were 
higher than expected. For this reason check channel samples were 
taken along the back of the adit. The assay results from these 
samples were much lower than the original bulk samples. The two. 
sets of assay results are shown in the following tables: 

• 

.r 

\ 
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No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

. 10 

11 

12 
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(11) Sampllng·Results 

The· results of Sampling are set out in the following t.ab.lcs: 

ADIT ·BULK SAMPLES 

--~---------- ---------~---

Distance from 
Portal Length Geiger Muller U~Og Rem.arks 

From. To %·u30g . 

12 15 16 11 3 16 11 About 0.1 0.11 

1516 11 18 f6' 1 31 " " 0.08 

18 16 11 20 16 11 2' II II 0.12 

20'6 11 23 1 2 '6 11 LO.l Not assayed 

23 1 25' 2' ,~0.1 II ,, 
251 28 16 11 3 I 6 11 L..0.1 0.17 

2816 11 32 1 gtt 41311 . 11 .. .:::-0 •' l ·' 0.17 

32 1 9 11 36 1 3 13 11 11 0.l 0.22 

36 1 39 1 31 About o'.1 0.13 

39 1 42 I 31 " II 0.15 

42' 45 I 31 .::::::_ 0.1 Not assayed 

451 50 1 51 II 0.1 II It 

-----· ·--------

CHECK CHANNEL SAMPLES 

·---
Sample Distance from 

Length U%08 Remarks 
No. 

1 

2 

3 

4 

5 

Portal 

Fror.i. To 

0 10 1 10 1 0.02 

10 1 26 1 10 1 0.10 

20 1 30 1 10 1 0.10 

30 1 40 1 10'' 0.04 

40 1 50 1 10' 0.02 -
41511 0.01 Sample at face of adit. 

----··-----·-· 

(iii) Conclusions 

None of' tho results of the sampling indica.tes the 
presence of ore containing not less than 0.25% u3 o8 • 
However, the nature of the breccia with its leached 
ca vi ties indicates that there may exist a richer de·posi t 
at a depth where tho leached cavities become occupied with 
torbernite instead of the ferric compcunds which now largely 
occupy them. The largo extent of the breccia makos this 
the most suitable deposits for examining the behaviour of the 
hematite breccia in depth by meuns cf a diamond drilling 
campaign. 
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It is reconnnended that if diamond drilling is to be carried out 
with this object in view that operations should co+nmence on 
this deposit. 

c. No.3 Workings, East Painter (Greenwood)«cam_Q_ . 
• 

by 

E. Broadhurst, Geological Survey of South Australia. 

The locality of this deposit is shown on the plan of the 
Greenwood's Camp Area. It is one of the old workings and consists of 
a shaft 8 feet deep. During the present operations the shaft was 
cleaned out. The sides and bottom of the shaft was found to be in 
hematite with knife-like seams of torqernite. In no place could 
uranium ore be said to occur. 

D. JiJo.5 Wor~~ngs, East Painter (Greenwood) Camp 

by 

E. Broadhurst, Geological Survey of South Australia. 

(Plans 3191 and 3195,Sheets 21 & 22 illustrate this 
report) 

(i) Development 

The development on this lode consists of an open cut 
(which is now filled with broken ore), a shaft 40 feet deep, 
and a drive at the 40 feet level in the shaft. 

(ii) Geology 

The outcrop of the lode is about 20 ft. from the main 
mass of breccia, on a shear striking -at 3250, The shear showed 
at the surface as a wall of hematitic rock with the shear wall 
showing on the eastern side. The lode outcrop consisted of veins 
of torbernite up to 3/4 of an inch thick traversing the hematite 
adjacent to the shear. An open cut of an average depth of 4~ 
fec;t was taken adjacent to the wall, the mineral from the cut 
consisting largely of surface loam, and bulk sample of the 
material from the open cut assayed 0.33% U30g. . 

At the top of the open cut, opposite the best showing of 
torbernite in the 'hematite wall', a shaft was surik to a depth 
of 40 ft. in decomposed iron-stained granitic material showing 
occasional quartz veins. Tho material in the shaft was rs:thor 
disappointing. 

In the drive, however, more to~bernite was encountored. 
The drive was in the same material as the shaft, but the 
torbernite was sssocieted with shears along which clayey iron­
stone:: occurred. Thes0 shoar planas w(jro all sub-parallGl with 
an average strike of 325° and a prectically vertical dip. On 
the surface tho shears were seen to Gchelon to the right, ~nd 
tht:::;rG is a suggestion that tho samt; is occurring on the 40 ft. 
level. 

(iii)Ore Occurrence 

The difficultit:;S associated with sampling this deposit 
have been discussed in a separat6 r0port, and only thu results 
will be given here. 

The open cut, fror.1 which about 25 tons were extracted, 
gave an assay of 0.33% for a bulk sample. 

The first 20 feet of the shaft, or about 15 feet below 
the open cut, gave. an assay of 0.11% U30 8 from a_ bulk sample. 

The next 14 feet to the top of the drive gave an average 
assay value of 0.17% U308 , which shows a close agreement with the 
assay of 0.15% U30g from the bulk sample. 
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A series of check samples of the shaft gave an 
average assay va:i..L<.o ,;:f Oc26;; U30g. 

The probab~e true value of the material from the 
shaft is the weighted average of the above results, i.e. 

15ft. 
l4 ft. 
29 ft. 

assay value 
11 ti 

a.11% 
0.15% 
0.26% 

and 

giving a weighted avernge of 0.19%. The amount of material 
from the shaft would be about 25 tons. 

In the drive the quantity of ore proved amounts to 
8 tons per vertical foot. 

The weie;hted average o1' the .assay results cf the 
chip samples is 0, :_i8% U30g9 

The weighted average of the assay results of the 
bulk samples is 0., 77% U30so 

Probably the former are the more correct. 

(iv) Conclusions. 

On this deposit operations were stopped at a stage 
where its pos sib:ili ties were merely indicated. The 40ft. 
level had not passed out of ore in the ends of the drives, 
and the behaviour of' the ore body beneath this lc:,vel is 
quite unkncwn. !'.t the present stage all that can be said 
of the deposit is that at a depth of 40 feet there is at least 
8 tons per vertical foot of c~e with ~n assay value probably 
of 0.38% U308 • At this depth values seem to be increasing 
with depth, but whether they will continue to do so cannot be 
stated. 

SURFACE SAMPLES. 

~~~~-'-~--~~~~~~t· - ~h-- _[_ ~;~:_Y~-+-~~~~--~~R-e._m_a_r_k_s 
0.33 Bulk sanple of open cut 

Sample Position 
No. 

4 Open Cut 

l 3 1 0.18 ~ft.-7ft. W. of' shaft •. 

____ .._________ ---~-.' ___ l~~~--j~ft ~-4ft. W. of shaft. 

6a Ou:l:lcrop 

7 II 

SHAFT CHIP SAMPLES _il ________ 
Sample Depth Length Assay . Remarks No. Ft. Ft. % u-,08 0 . 

---- ----'-·-

1 6 3 I 0.17 I North end of shaft. 
2 8 3 0.33 j North end. of shaft. 
3 10.5 3 0,17 I North end of shaft. 
5 13.5 3 0 ""' North end of shaft. •""._) 

I 9 16 3 0.16 North end of shaft. 
8. 16 3 O,l.4 South end of shaft. 
6 17 3 0,,11 i North end of shaft. 

11 19 3 0.1'1 lfr,rth end of shaf't. 
10 19 3 0.07 South end of shaft. 
12 22 3 0.36 North end of shaft. 
13 22 3 0.05 South end of shaf't. 
14 25 3 Ool5 North end of shaft. 



- 32 -

SHAFT CHIP SAMPLES 
-- ·-- ---~ ------ ~------- ----·- ---

Sar.1ple Depth Length Assay Rer.w.rks 
No. Ft. Ft °/o u3 o8 ·----·-··-.. 

15 25 3 0.06 South end of shaft. 
16 28 3 0.29 North end of shaft. 

15(a) 28 3 0.14 South end of shaft. 
17 31 3 OolB North end of shaft. 
18 31 3 I 0 .. 14 South end of shaft. 
20 34 3 I 0.12 North end of shaft. i 19 34 3 

I 
.0.20 South end of shaft. 

24 37 3 0.10 North end of shaft. 
25 37 3 0.31 South end of shaft. 

I 

31 40 3 

I 
0.65 Bottom-of shaft. 

I -

SHAFT BULK SAMPLES 

----·,.---------.-----------·--.--------·.--·---------------
Sample 

No. 

• 

12A 
26 
22 
23 
27 

Sample 
No. 

Depth 
From To 

6 20 

20 34 
34 35.5 

35.5 37.5 
37.5 40 

Length 
Ft .. 

14 
14 
1.5 
2 

2.5 

Remarks 

I 
0.11 

0.15 

I 0.20. 

I ~:~~ 
----'----·-------·----·· ··-- -------------

Depth 
Ft. 

SHAFT CHIP CHECK SAMPLES 

---------

l 
Length -, -Ass~-;------------R-e-m--ar_k_s----------~ 

Ft. I % u3o8 
----+------ ----------,··---·----+--------------------i 

I 
1 

2 

3 

4 

5 

6 

7 

8 

9 

·~ 10 

11 

12 

9. 

9 

14 

14 

19 

19 

24 

24 

29 

29 

34 

34 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

i 

I 
I 
I 
l 
I 

I 

o.26 

0.22 

0.47 

0.30 

0.25 

0.27 

0.12 

0,12 

0.26 

0.11 

0.32 

0.39 

N. end of shaft. 

S. end of shaft. 

N. end of shaft. 

s. end of shaft. 

N. end of shaft. 

S. end of shaft. 

N. end of shaft. 

S. end of shaft. 

N. end of shaft. 

S. end of shai't. 

N. end of shaft. 

S. end of shaft. 

. '-----·------·-----------·----,-----· 



jsample Distance f 
1 No. Shaft. 
J:~~~--1-~~- -~~-
' i 
! 34 

~ 35 
I 

38 

43 

43A 

56 

.56A 

GI. 

61A 

32 

39 

46A 

49 

51 

5lA 

'.53 
l I 5.3A 

154 
I r:./.A ., "":. 

! 58 

58A 

Oft. S. 

II 

2ft. s. 

4ft. II 

4ft • If 

6:rt. " 
6ft • II 

8ft • II 

8ft. II 

Oft. N 

Oft. II 

2.ft • II 

5ft. " 

5ft. 11 

7ft. ti 

7ft, II 

9ft • II 

9ft. If 

J'..ft. 11 

J_lft. If 

l2ft. 11 

1:2. f't 

14ft. 11 

l4ft.. 

1/:3 f't •II 

lGft. i; 

17-!ft. 

17-!ft. 

rom. 

I 

I 

I 
I 
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DRIVE CHIP SAMPLES 

Length 
Assay 
'fa U309 Remarks 

-- ..__ 

2,5 0.24 w. side 

2.5 0.06 E. side 

3.0 0.24 

1.5 0.77 E. side 

1.5 1.06 w. side 
-

1.5 0.86 E. side 

1.5 0.35 w. side 

1.5 0.53 E. side 

L,5 0~17 w. side 

2.5 0.10 w. side 

2c5 0.23 E. side 

3.0 0.13 

1.5 0.20 E. side 

1.5 o.46 w. side 
0,19 

1.5 0.19 E. side 

lo5 0.37 w. side 

1.5 0.13 E. side 

1.5 0.15 w. side 

1.5 0.40 E. side 

1.5 0.42 w. s;tde 

1.5 0.37 E. side 

l.5 0.32 w. side 

1.5 1.65 E. side 

1.5 0.32 w. side 

1.5 0.68 E. side 

1.5 0.59 w. side 

1.5 0.88 E. Side 

1.5 1.00 w. side 

1.5 0.26 . E. side 

1.5 nil w. side 
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DRIVE BULK SAMPLES 

!Sample Distance 
Length Assay No from shaft Ft. fa U309. 

Rem.arks 
From To 

28 0' 3 1E 3 0.21 

29 3'E 6'E 3 0.22 

30 0' 2.5 1W 2.5 o.o5 
37 O' 2' s 2 0.30 

44 2 1S 4 1 8 2 1.41 

57 4'S 6'S ' 2 2.13 

62 6 1 S 8 1 8 2 l.45 

36 o• 2'N 2 o.29 

40 21N 5 1N 3 o.69 

45 5 1N 7'N 2 l.91 
-

47 7'N 9'N 2 0.62 
-

48 9 1N 11 1N 2 l,91 
I 50 ll 1N 12'N 1 0.68 

52 12'N l4 1N 2 0.74 -· 

55 l'l IN 16 1 N 2 o.49 

60 16 1 N 17.5'N 1.5 o.66 

64 17 1.SN l9.5'N 2 o.5o 
. "-•- ---

DRIVE CHECK CHANNEL SAMPLES 

Sample ---Distance Length ~ssay Remarks No. trom shaft 
U309 

l 3'N 3.ft. O.l? Baok of drive. 

2 3 1N 3.ft. 0.19 Floor·of drive. 

.~ 5 1N 3.ft. 0.19 Baek of drive. 

4 5 1N 3.ft. 0.11 Floor of drive. 

5 7 1N 3 o.l7 Back of drive~ 

6 7 1N 3 0,;25 Floor .of drive. 

7 9'N 3 0.17 Back of drive. 

8 9•N 3 0.14 Floor of drive. 

.. 
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E. No. lE Workings, East Painter (Greenwoodl_Q_~JN2. 

by 

C. J. Sullivan, Geologist, Mineral Resources Survey. 

This prospect is situated on a steep hill-slope, 
approximately 360 feet north-east of the old well at East Painter 
Camp. Moderately'ferruginous crushed granitic rock has been open 
cut over a length of 20 feet and a width of 7 feet. No uranium 
minerals were noted and it is believed that the· original 
prospectors may have been misled by the presence of the pale blue 
oopper-bearing mineral, turquois. 

F. No. 2E Workings 

by 

C. J. Sulli -c•an, Geologist, Mineral Resources Survey 

These workings are situated on the right bank of Heighty 
Creek, approximately 500 feet on a bearing of 160° meg. from the dry 
well. 

An adit has been driven on a band of moderately sheared 
ferruginous granitic materiai, containing traces of torbernito. 
The adit is on a bearing of 200° meg. The distance from the 
beginning of the approach cutting to the face of the adit is 30 
feet and the distance from the portal to the face is 15 feet; the 
width of the adit is 3 to 5 feet. From near the face, a crosscut 
has been extended for 6 feet to the eastward. A. chip sample was 
taken around the walls of the workings, the assay result being 0.03 
per cent U309. 

The prospect is not considered likely to produce 
significant quantities of ore of higher grade. 

G. No. 4E Workings 
by 

c. J. Sullivan, Geologist, Mineral Resources Survey. 

This prospect is situated approximately 1700 foet west­
northwest from the East Painter Camp. A shallow pit has exposed 
small amounts of torberni te in a small body of hematite .surrounded 
by crushed granite. A representative sample of the material from 
the pit assayed 0.06 per cent U309• 

H. Bentley Greenwood Deposit 

by 
c. J. Sullivan, Geologist, Mineral Resources Survey. 

(Plan 3204, Sheet 36, illustrates this report). 

(i) Situation 

The deposit is situated approximately 150 yards north of 
Heighty Creek which flows past East Painter (Greenwood) Camp and 

is about three quarters of a mile· up the creek from the camp. The 
East Paint road follows Heighty Creek to a point approiimately 10 
chains further up the creek from t.his . deposit. 

( ii)Geology 

The rocks surrounding the deposit are nearly all granitic 
in typs but they contain masses which are relatively coarse in 
grain and are orten highly felspathic. · -
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These masses may be dykes but their boundaries are rather 
indefinite and they may merely represent segregations in the 
granite, Traces of sedimentary structures 1{'lere found in two 
places, but they are not very definite. Sedimentary rocks 
occur in the east bank of a creek approximately 200 yar.ds south 
south-east cf the deposit. 

The rocks have a general east-west grain and are to some 
extent arranged in bands parallel to this direction. Lines 
of shearing also has this trend and dips to the south at angles 
of 60 to 70 degrees. 

{iii) Uranium Minerals 

'Torbernite has been found in a band of hematite situated 
on a spur approximately 200 feet above creek level. The 
hematite trends east and wost for a distance of 140 feet and 
has a width ranging from 15 to 35 feet. It occupies a 
slightly crushed zcne. On its northern edge, tho hematite 
is bounded by a shear, along which torbernite has been 
localised, apparently by supergene procos~os. Five pits have 
been sunk along this shear over a distance of 65 fe8t to depths 
of 2 to 5 feet. They reveal manganese dioxide and hematite 
coated mnte::"i2l showing torbernite along the planes and cracks. 
A composite smmpio taken from the pits assayed 0.36 per cent 
U30g. The width o:r ore bearing material exposed in the pi ts 
ranges from 6 inches to 1 foot. An adit has been driven 
northerly to tho wall of the shear at a point approximately 
10 feet belo~ the surface. From this point tho ~hoared zone 
was exp1o::>od by r;ioan_s of a drive extending 15 feet to the wost. 
It was found that the torbernite at this level amounted to 
traces onlw, and that tho hematite content had fallen proport­
ionately. Hence ir will bo seen that the nmount of ore 
available in this ~oction is not likely to be more than 10 to 
20 tons of oro with a grade not exceeding 0.5;1o U30g. 

At the W()8 t o~r. end of tho horn.at i to, an open cut 13 to 
15 feet wide has been cxtcndad into the hill for a distance o:f 
approximately 10 :foet. It attains a maximum depth of 8 feet. 
In this cut, tho hematite is seen to form a capping li to 3 
foot in thickness, It rests on relatively uncrushed highly 
felspathic rock. The hematite body contains some torbernito in 
its lower portions, but close to tho surface, much of the 
torbernite has been leached out. Tho cavities from which it 
has been leached, contain a boxwork of gypsum with a very 
distinctive patt0rn. Several stages in the replacement of tho 
torbernito by the gypsum were noted. Specimens were submitted 
to Dr. Stillwell who confirmed tho fact of the leaching of the 
torberni'co. ·The_ la ttor is tho meta.torborni te variety. 

In the folspnthic rock below tho hematite, torbernito 
occurs in cavities conpletoly enclosed in solid felspar. The 
grade of this mater:"..al would bo low. It is possible that this 
torbernite has resulted from the oxidation of a primary uraniur:i 
bearing mineral, which formerly occupied tho cavity. However, 
the torbornito may replace a non-uranium bearing mineral. 

{iv) Testing. 

Throe test pi t.3 were sunk at tho points shown on the plan. 
These wore located at points to the south of tho ironstone out­
crop showing l'elot:tvoly high radioactivity readings. The tost 
pits revealed only weathered granite below tho soil cover. 
The high readings were evidently duo to uranium minerals which 
had rilled down hill from the 11 ironstone 11 outcrop. 

No other tosting was undertaken and tho deposit is not 
considered likely to produce important quantities of ore with 
a grade 0.25 to 0,5% U308" 
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I.Similnr Greenwood Deposit 

by 

C .J. Sullivan, Geologist, Mineral Resources 'survey. 

(Plan 3205~ Sheet 35 illustrates this report) 

(1) §.!!uation 

This deposit is situated approximately l! miles north 
of Mt. Painter. Access is gained from the East Painter road 
by way of a camel pad. 

(ii) Historr 

This locality is marked No. 15 on Mawson's map and is 
described in his repnrt (Mawson 1945). There were no workings 
on the deposit at tho time of the first inspection in 1944 and 
it was considered advisable to made geological and geophysical 
surveys in order to help in the foruulation of a prospecting 
oampaign. 

•(iii) ~l~ 

The ~ccompanying plan and section illustrate the geology 
of' the deposit. It should be noted that most of the eastern 
section ot the area mapped is covered with detritus and hence 
information shown from this portion is scanty. The section 
illustrates iL~erences drawn from the limited information 
available. 

Briefly, a mass of porphyritic granite trending roughly 
north and south and apparently dipping at 20 to 35 deg. to the 
west, overlies a series of sedimentary and metamorphic rocks 
consisting of sandstones, quartzites and muscovite schists. 
This apparently sedimentary series could not be mapped in detail 
for the reasons stated above. 

Close to the contact between the two groups or reeks, 
the granite has been crushed and brecciated and this zone of 
brecciation forms one of the main loci of ore deposition. Th€i 
crest line of contours of radioactivity as deterr;iined by Geiger­
Muller readings, follows this crushed zone f'airly closely. 
The contact is a folded one and the maximum crushing take~ 
place at the crests of' small anti-elines. In these places 
there is a capping of hematite with some manganese dioxide. 
Traces of torbernite have been found associated with the 
hematite and manganese. 

Other important features are the shear zones shown on the 
·accompanying plan. The two main ones have lengths of lBO.and 
100 feet respectively and would each average approximately lOft. 
in width. They consist of relatively soft material derived froc 
the alteraticn of the granite. Not all of the minerals present 
have been determined, but they include manganiferous her.i.atite in 
considerable quantities, and also some f'luorite and torbernite. 
The torbernite is usually found in traces only, but occasional 
pieces of ore we~ghing in the vicinity of one pound can be dug 
out of the soft material with a geological pick. Some of these 
pieces would probably assay in the vicinity or 1 to 2% U03. 
Also present are other radioactive minerals which have not yet 
been definitely identif'ied. It is thought that they may be 
uranium ocl:).res. These minerals were found in one place only. 
the total specimens obtained weighing a few pounds. The crest 
lines of contours of radioactivity follo~ the shear zones 
fairly closely and there appears to be little doubt that the 
latter are inportant localising features. 
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In one case, torbernite and uranophane wore found in the 
.granite where there was a very low iron content and no 
manganese was present, The amount of shearing was also very 
small. .In this case, some cf the uranium riinerals were in · 
cavities in the rock as distinct from its usual occurrence on 
cracks and planes of parting. The Geiger-Muller readings 
showed a regional high in this area. 

An intensely cr.ushed zone forms a steep hill at the 
extreme southern end of ·the area mapped. The brecciation here 
is more intense than in the case of' the zone which has 
localised the ore, but there is very little hematite associated 
with it and no uranium minerals were noted. The fragments in 
in the zone range from fine rock flour to pieces. 12 11 in diameter. 
A lar.ge proportion of. the fragments are 6 11 ·in diameter. The 
breociation seems to have been formed by a fault which bounds 
the occurrence on its eastern side. Three small deposits of 
hematite are associated with this fault. Thev contain 
£luorite and also traces of. torbernite. ~ 

Apart from the hematite and manganese dioxide, fluorite 
and a little quartz were the chief minerals noted as being · 
as·sociated with the uranium minerals. 

(iv) Testing. 

(v) 

As a result of' the geological and geophysical Surveys, 
12 places were selected for possible testing. At points 2 
and 3 pi ts 3 to 4 feet in depth penetrated the i'erruginous 
material and revealed weathered granite. The quantitr of 
torbernite exposed was small. At point 4, a shaft 132 feet 
in depth e'xposed unpromising material and a sample taken at 
a depth of 12 feet assayed nil. 

Conclusion 

The deposit appears to be unimportant as a possible 
source of uranium ore with a grade not less than 0.25% U309. 

Locality "B" 
by 

C. J .• Sullican, Geologist, Mi.neral Resources Surv:ey. 

A major fault has been partly 
masses of quartz. A fragment of' quartz 
.found to be coated with small quantities 
in this vicinity should.be worth further 

filled at this point by 
containing hematite was 
of torbernite.· The fault 
investigation 

3. PARALANA HOT SPRINGS GROUP 

Ao Localities D, E and F 
by 

E. Broadhu:r·s t, Geological Survey of South Australia. 

Some showings oi' torberni te were found in the locality 
cf the ?aralana Hot Springs. The showings are peculiar in the 
absenoe of any ironstone acconpanying them. They are mainly slight 
showings of torbernite paint along joint p~anes in areas of crushed 
granite, although a few crystals in quartz vughs were seen. 
Altogether the occurrences are unpromising for the formation of ore 
bodies, since there seem to be no concentrating agents such as 
ironstone bodies on definite sheared lodes. However, the area is 
wmrth prospecting for the chance of an unexpected ore-body occurring. 
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111i. REPORTS ON INDIVIDUAL URANIUM OCCURRENCES. 

1. . Mount Painter Group. 

A. Nos.1 2 2 and 3 Workings, Radium Ridge. 

by 

C. J. SULLIVAN 

. Geologist, Minertll Resources -survey. 
"-....._ "-1 

(Plan 3197, Sheet 37, illustrates this report)."' ' 

- --- - - --- --·- -·------~-----------------

Radium Ridge is a very prominent topographic feature 
extending generally east and west for a distance of approx­
imately 21 miles. · At its closest point it is approximately 
t mile north of the Main Camp. The slopes are steep on the 
southern side of the ridge and flatten out on the northern · 
side. Some of the steepest sections of the ridge are due 
to the resistance to weathering of a silicified zone, some­
what similar in appearance to the "Jaspers" of Western Aus­
tralia. Nos.1, 2 and 3 workings 2re located on this ridge. 

( :1:) No. 1 Working. 

It consists of a costean 15 feet long and 3 feet 
deep. It is situated on an outcrop of hematite 45 ft. long 
and 15 ft. wide. The hematite is of a very dense nature 
apd is intergrown with quartz. It contains small quantities 
of Fergusonite and traces of yellow uranium minerals. The 
hematite may have had a different origin from th2t associated 
withtorbernite in the crush zones. The deposit is thought 
to be of little economic importance. 

(ii) No. 2 Working. 

This deposit is very similar to No. 1 and there is a 
costean on a hematite outcrop. The hematite is very hard 
and dense and is intergroYm with quc.rtz. · Fergusonite and 
man azi t e are present in places in considerable que.ntit ies 
(Stillwell and Edwards 1945). 

(iii) No.3 Working. 

This deposit exposed by this working resembles the 
usual type of torberni te occurrence associc:::ted with hema-
tite and limohite in a crush zone. The hematite nnd limonite 
extend along the ridge for a distance of 200 feet a.nd have an 
avernge width on the surfnce of 30 feet. They appear to have 
resulted from the replacement of a massive pink felspar rock 
- possibly a pegmatite or porphyry. The latter is intrusive 
into a paler, finer grained granitic rock. The ironstone is 
in the form of a capping. 

At one place, torbernite occurs over a length of 5 
to 10 feet. A small open cut hes bean mode into this 
occurrence and a sh2,ft hc.s been sunk from the end of the 
open cut. At the time of the present exruninntion, the 



APPENDIX I. 

Correlation of Nomenclature of Uranium Occurrences. 

I . J Locality (Mawson~)

1 
Locality (this. Remarks 

. Bulletin) 
------- . ' . --- ---~------
No.1 Workings 

II 2 II 

II 3 II 

It 4 II 

tt 5 II 

II 6 " II 1 II 

II 8 " II 9 " ,, 
10 

II 11 " 
" 12 II 

" 13 " It 14 " 

" 15 " 
" 16 It 

No.1 Workings 
II 2 It 

If 3 It 

It 4 It 

" 5 It 
II 6 It 

" 7 It 

It 8 " 
Locality G. 

1E and 2E 
No.3 East 

Painter 
4E 

"Smiler 
Greenwood0 

Shown on regional map. 
Not f'ound durine this 

investigation. 

This deposit cannot be 
def'initely identified, 
although it was prob­
ably f'ound during pros­
pecting operations. 

This deposit cannot be 
accurately identiriad. 

"Bentley 
Greenwood" 

Lo.cali ties D, 
E & F. Paralana. 

Locality B. 
Loqali ty · J. 
No.1 East 
Painter. J No~~n~=~: . I 

~----~~--·~~--- a~n~:~:_--~-~--------·~~~~~-
# "The Nature and Occurrence of' Uranif'erous Mineral 

Deposits in South Australia", by Sir Douglas Mawson, 
Trane. Royal. Soc. S.A. 68 (2) 1944. 



The sampling of the deposits presented the usual 
difficulties connected with small and irregular shootSi In 
the original sampling of' the No.6 Workings samples were taken 
at every 10 reet in the drives and at 5 f'eet lengths in the 
cross-cuts (or in 10 f'eet lengths in special circumstances 
such as the East Adit). The samples were channel samples 
taken with a hammer and moil. Samples accompanying the dev-
elopment were taken at smaller intervals,· usually 2 or 3 .feet, 
and were generally smaller samples taken with a pick~ 

Arter some experience of the nature or occurrence or 
the torbernite it seemed that the f'ace or back samples would 
not give accurate results, owing principally to the .f~iable 
nature of' the mineral. The· torberni te g-enerally occi.lj:>s .in 
thin seams along the joint planes, and owing to its .friable 
nature it is easily ~emoved f'rom these planes. Thus much or 
the valuable mineral is ·removed during the ordinary mining 
operations at the f'ace so that, especially f'or a chip sample., 
the face is not representative o.f the ore. The chip sample 
was collected on a sampling cloth spread in front of' the !'ace, 
and during the cutting of the sample the valuable mineral . 
.from the thin veins was liable to slide down the !'ace behind 
the cloth and so be lost. These· two f'actors would tend to 
make the proportion of' valuable mineral in the sample· too . 
small_. For this reason sampling f'rom the broken dirt at the 
race or .from the trucks was instituted but the objection to 
this method is that by taking handf'uls of' broken dirt., the 
sampler was inclined to take too large a proportion of' the 
f'ines and so of' the valuable mineral, thus making_tqe uranium 
contents too high. 

' The two methods of sampiing, bulk and chip; came 
under comparison in the No.5 Workings at East Painter~ which 
was sampled by both methods. In the shaft the bulk sample 
agreed with the chip samples taken on the sides., but in the 
drive there were pronounced di:ff'erences. The bulk samples 
gave a weighted averap:e assay value of O• 77% U30s f'or the 
level, while the chip samples gave a weighted average of' 0.38% 
U309, being half' of the former. Although some dif'ference 
had been expected, a 2:1 ratio was much larger than expected. 
At the northern end of' the level the bulk samples agreed with 
the chip_ samples, but near the shaft and in the south drive 
large discrepancies occurred, the bulk sample always hBving 
a larger uranium content than the chip. As a check, channel 
samples f'rom the back and floor of' the drive were taken along 
the f'irst pine .feet of' the northern part o.f the drive., These 
gave even lower results than the chip samples, although the 
dif't'erence be tween the two was small. The chip-sampling re­
sults were ~ener~lly accepted and used f'or assessment pur­
poses, but the ultimate test can only be applied with mining 
operations. All the assays of' the ·various samples, chip,. 
bulk and check, are given in the lists of' assays in this 
report. 
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Specimen 
No. 

1 

2 

3 

4 

5 

6 

7 

Locality and Identi.fication. 
, ______ _ 

I11t. Painter No. 6 Workine;s maneani.feroue iron­
stone .from dump at 50' level. 

Mt. Painter No.6 Workings Hematite brec6ia 
(Kaolinitic) .from east branch of north cross­
cut 100' level. 

Mt. Painter No.6 Workinp:s Hematite breccia · 
(Kaolinitic) .from East branch o.f north cross­
cut 100' level. 

Mt. Painter No.6 Workine:s silici.fied gneiss 
.from .fracments of breccia in South portal. 

Mt. Painter No.6 Workines silici.fied 5neiss 
(with torbernite seam) .from drive Gouth of 
open cut. 

Mt. Painter No.6 Workings Hematite breccio 
from end o.f North drive 50' level. 

Mt. Painter No.6 ~orkine:s banded eneiss .from 
185' level. 

. ' ---------··---·~ _ .. _·-·-·-··~· _.__,, __ ~--.-~. -------

8 

9 

10 

11 

12 

13 

14 

15 

11pli tic Granite Mt< Painter road near sun­
shine Pound. 

Porphyritic Granite on Mt. Painter road near 
Sunshine Pound .. 

Dolerite Volcanic Neck 1 mile East of Sprigg 
Nob. 

Torbernite No.5 Workings East Painter. 

Metamorphosed ,,\mygdaloidal? Basalt near 
.1\rkaroola We lL 

Acid Biotite gneiss near Mt. Painter main camp. 

Seri~itic Quartzite Mt. Pitt. 

Sphene rrom hmphibolite sphene·lode Mt. 
Painter· road. 

----------·---------·--------·---·-----··-----
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Specimen 
No. ------

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

,. 

Locality and Identif'ication 

---------------·---------

No.6 Workin~s to~bernite vein in mici~ schist. 

Mt. Painter No.6 Workings yellow autuhite 
and green torbernite. 

Torbernite Nu.5 lobe East Painter. 

"Nail holet: quartz f'rom Radium Ridge between 
NonS Workings and Mt. Gee. 

Smiler Greenwood's prospect East Pairiter 
torbernite and f'luorite disseminated through 
ironstone. 

No.5 Workings East Painter with lii:nonite 
f'rom open cut. Torbernite plates tend to 
f'orm a coarse boxwork. 

Ore relatively "rich" in Fergtisoni te (marked 
with re~·pencil) and consisting essentially 
of' hemf]:ti te and monazi te No. 2 Workings 
Radium Ridge nearest equivalent to primary 
ore. 

No. 3 1'1/orking-s. Radium Ridge Met~to~bernite. 

Smiler G~eenwood's prospect East Painter 
with pseudomorphs af'ter pyrite. 

Uranophane (yellow needles in vughe) No.2 
Workinga Radi~m Ridge. 

Small open cut at No,6 Workings Mt. Painter 
campo Seam of' weathered torbernite with 
uranopha::le (as described under weathering 

. of' torber::li te) n 

No.2 Workings Radium Ridge hematite and 
epithermal quartz. 

B. Greenwood's prospect East Painter white 
boxwork developing as a1replacement of' 
torbernite bcxwork. 

B. Greenwood's prospect East Painter box­
work. of' 'torberni te.1 plat.es in smal_l pi ts. 

B. Greenwood's ~respect East Painter white 
boxwor~ residual af'ter original torbern~ 
ite .boxwork. 

Torberni te goethi te and psilomelane in 
fractures of a breccia No.7 Workings 
Mount Patnter camp. 

No.7 Workings Mt. Painter camp torbernite 
and metatorbernite. 



,· 
/ 

/ 

3 .... 

------i-------··----·~·----------------------

( 
I 

,/ 

Specimen 
No. Locality and Identirication 
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33 

34 

35 

' 36 

37 

38 

39 

40 

41 

'42 

"Nail Hole" epi thermai quartz (cows teats) 
f'rorn Radium Rid[Ye between No.2 Workinei:s 
and Mt. Gee. 

"Nail Hole" epithermal quartz f'rom Radium 
Ride:e hetween No. 2 Workings and Mt. Oee• 

Torbernite on joint plans South portal at 
100 1 level No.6 Workings. 

No.5 Prospect Mt. Painter Camp. Pits with 
lepidocrioite lining them f'ormer f'rom 
leachin£ of' pyrite, still present ~n places. 

"Nail Hole" 'quartz with gypsum .filling in 
the nail holes f'rom rear No.5 Workings Mt. 
Painter Camp area. 

Mt. Painter torberni te f'roia No. 7 Workings. 
This torbernite .fluoresces presumably 
indicating a f'ilm of' copper-free uranium 
salts on the surf'ace of' the torbernite. 

No.6 Workings torbernite and autunite (in 
part cuprif'erous) in vughs in psilomelane 
oripinal shoot. 

No. 5 prospect Eas·t Painter. 

"Gummite 11 (yellow) in v11gh, No.2 Workings 
Radium Ridge. Similar to analysed mater-
ial massive hematite ore, characteristic 
of' this deposit with intergrown monazite · 
(brown). . 

Mt. Painter district Radium Ridge No:2 
Workings contains f'ergusonite and monazite. 

----------



by 

C. J. SULLIVAN 
Geologist, Mineral Resources Survey. 

1. .WTRODUC!IO!i. 

This report describes the field evidenee in support 
or a supergene origin for the torbernite deposits in the Mount 
Painter district, ) This origin is also emphasised by Still­
well and Edwards~1 • The report was originally written in 
response to a preliminary report by Stillwe11\2J in which a 
hydrothermal genesis was favoureq. 

2. BRIEF_J?ESCRI?TION OF THE~OSIT§. 

Except for the autunite in the shoot mined in the No.6 
workings, the mast importsnt ~ranium mineral so far found at 
Mount Painter is torberni te - hydrated copper uranium phosphate. 
The torberni te occurs as stains or f'ilms coating cracks and. 
·partings in the rock. The majority -of the deposits so f'ar 
discovered are below 0.1 per cent U308 in-grade. At the 
locrrlity F (see geological map, Plans 3288-3291 inclusive), 
southwest of Paralana Hot Springs, these stains give a strong 
impression or having been formed by weathering of the granite 
boulder on which they occur. At the No.6 deposit, Mount 
Painter, however, a rich shoot of autunite and torbernite, 
which is thought to have contained about three (3) tons of' 
ura:-;iurn trioxide, was mined. At the No. 5 deposit, Erist 
Painter, development has indicated about 320 tons of' ore, poss­
ibly containing 0.38 per cent U305. Apart from these occurr­
ences, no ore of' mineaple gr2de has been f'ound. 

M6st of the tarbernite deposits are associated with 
ironstone. and sometimes with minor amounts of' f'luorite, bary­
tes RJld quartz. Most of the ironstone concentrations occur 
in brecciated zones. lit the No.3 and No.4 deposits at Mount 
Painter, the "Bentley Greenwood" and probably the "Smiler 
Greenwood" deposits at East Painter, .the ironst0ne forms a 
surface capping from 3 to 10 feet thick. Underneath this is 
weathered granitic rock, usually containing spangles of' torb- _ 
erni te sparsely disseminEJter'I in crncks and partings. A · 

·----------
( 1) F. L. Sti llwe 11 and J\. B. Ed wnrds: Uranium Minerals f'rom 

Mount Painter. 

(2) F.L. Stillwell: Uranium Minerals f'rom Mount Painter. 
Miner:-:>graphic investigati-ms of the Council f'or Scien­
tif'ic and Industrial ·He search, ·~ H.eport No. 315. 

(3) The term "ironstone" is used in the sense of' an aggregate 
of' f'erruginous n1inerals consisting c hief'ly of' hematite 
with in some cases, limonite, psilomelane, magnetite 
and subordinate amounts of other minerals. 
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crosscut driven under No.3 depos~t, ~ount Painter, ~eyealed 
we.a the re a red gra111 te. with trrices · :Jf' torberni te, whilst under 
the ir0netop.e capping bf the ib .• 4 deposit, .Mount Painter, a 
weathered gneiss with.traces of torbernite was encountered. 
In the cnse of' the "Bentley Greenwood" a solid red. f'elspathic 
rock underlies the. m!3.ntle. of ironstone. The occurrence· of' 
the ironstone at the sur.face appears to· be too marked to be an 
accident o'f' erosion. In. each of' the cases· ci tea, the .iron-
stone extends over hul'.lol'led.s of'.,square f'eet st the surf'ace • 

. If these occurrence·s represented lodes. f'ormed by hydrothermal 
processes, one wou1d ri.:::it expect them to be so of'ten localised 
along f'lat planes, which would enable them, on beine exposed 
by erosion, to parallel the present surf'ace. 

In many cases the maj6r structural planes present do 
not appear to have controlled the deposition of' ironstone in 
the way :me would normally expect, if' it was of' deep-seated orig­
in. Thus, at the "8mi.ler11 deposit, the major shears strike at 
about 340 degrees and dip at 60 to 70 degrees in an easterly 
direction. Test pits on these shears have, however, revealed 
that the mane-anif'erous ironstone is largely con.fined to the 
.first 3 to 5 t'eet f"rom the sur.face, and that below this weath­
ered granite predominates. There are n') obvious structural 
planes which could have been expected to localise mineraliz-
ation parallel to the present surf'ace. In many parts of' the· 
Mount Painter area stains and thin coatines of' ironstone ~ay be 
seen on the eurf'ace of' granitic rocks. 

In all cases where the ironstone f'orms a mantle ::mly, 
.the degree of' brecciati0n hns been relatively slight. At 
the No. 6 deposit at Mount Painter, hematite extends to depths 
exceeding 100 t'eet but there is a concentrntim of' hematite at 
the surf'ace and the pr0portion of' hem3tite decreases with in­
creasing depth. The mai~ crush zone at East Painter has been 
tested to a depth of only 50 feet, and hematite persists to 
that depth. In both these. localities the degree of breccia­
tion hae been relatively great, thus allowing the deep ·pene­
tration of' iron-bearing solutions from above. However, some 
of' thEJ. hematite of No. 6 deposit appears to be of' hydrothermal 
origin. · 

It is thus concluded f'ro~ the .field evidence, that a 
large proporti0n of the ironst?ne was dep0sited near the land 
surf'ace .from meteoric waters(lJ. The striking scarcity of' 
hydrothermal eangue minernls such as quartz or carbonates, 
also supports this mode of oriein. 

( 1) ~~-~~~~~~---~---~----~~~~~-

There is evidence that there are at least two types of' 
ironstone at Moririt Painter. 

The above discussion 0eals with the ironstone chief'ly 
associated with the occurrences of' secondary uranium 
minerals~ ·In most cases this is manganiferous, conta~na 
limonite and is rarely bladed. It shows a close assoc­
iation with the present lnnd surface. The second type 
mainly C'""Jnsists of' bladed hematite and. is closely assoc-
iated with the Mount Gee quartz mineralisation. It 
occurs on the slopes of' Mount Gee, on Radium Ride-e, on 
spurs leading from Mount Painter·and in many other 
places~ .This type of' hematite shows little tendency to 
be concentrated at the surf'ace FJnd is usually associated 
with large· qd.i:lntities of' quartz. The No. 2 deposit on 
Radium Ridge may represent a third type. Here a mass 
of' hem.a ti te ( a:rter; magnetite) is associated with mon­
azi te and f'ergusonite. It is reported by Kleeman that 
the f'ergusoni te µa-s a high lead .content. This appears 
to connect the deposit with the granites in which it may 
he in .the nature bf' a segregation. 
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4. A§§OCii~TION OF THE SECONQfilrr URANIUM_M.Ilifil~.ALS wrm_rgoli§.!QB,E •. 

The i~ohstone and the sec~ndary uranium mineral~ (torb­
erni te • etc.) ·appear to h1=1ve a close genetic relationsl'liPj as . 
they are usually f'ound. closely associated in the f'ield ~'. .J\s in 
the. case of' ironstone. the i:rreater concentrations or torbezinite 
f'ound so f'ar appear to be c0nf'ined to shallow c1epths below the 
surface. For example the sh1ot in the No~6 deposit comr;ienced 
approximately 25:f'eet f'rom the sorf'ace .and petered out at· a depth 
of', /?O f'eet. Extensive ex-p:i,.orsti::m to a depth of' 100 f'eet re-
veal,ed material darryihr on;I.y traces of' torberni te. Iri the Ne>. 7 
ahd. No. 8 workin£'S at Mount Painter, impoverishment begihEi .at about 
30 f'eet be:l,.oVJ the surf'a_~e. Radiation surveys by Messrs. Thyer 
~nd Dooley{lJ indicated that most of' the ironstone masa~s have a 
higher degree of' radio-activity thm'l the surrounding rocksi Many 
spe~imens of' ironstone e~hibit radio-activity, but chemic~l assay 
proves that they contain no uranium. 

5. LE.l\CHING OF URJ1filg,M. 

The observed radio""'.activity could be due to the dis­
integration products of' uranium l~ft behind in the ironstone atter 
the uranium had been leached o~tl >. In this connection the rel­
ative solubilities of' radium and uranium should be noted. Nearly 
all common salts of' radium are practically insoluble, e.g. RaS04 
has a solubility of' e000002 grams per 100 c.c. of' water at 25oc, 
while common uranium salts are relatively soluble in water, e.g. 
UCl3.is very soluble, U02S04.3H20 has a solubility of ~0.5 grams 

·per 100 c.c. at 1500 and U02S04.7H20 is very soluble( 3 ,.. Thus, 
.when a uranium mineral containin~ radium is exposed to dissolving. 
waters, radium tends to remain in situ, while uranium salts go 
into solution. 

6. J\GE_Q~JHE TORB~RNIT.!].!.. 

On the basi~ of' mineralogical studies, Stillwe11C4 ) 
suv~ested the possibility that the f'ormation of' the torbernite 
was· co1-'i'temporaneous w~.~h the Mount Gee quartz mineralisation~ . 

·Stillwell and Edwards\ ) give it as an alternative explanation to 
the supergene oriEin. The radium/uranium ratio of' torbernite 
and autunite f'rom t~~)No.6 deposit, Mount Painter has been estim-
ated by R.G. Thorpaal f'rom the results of' a number of' analyses 
and tests at the experimental treatment plant and ref'inery of' 
Australian Radium Corporation N.L~ :which worked fhe depoaits at 
Motmt Painter between 1926 an~ 1934, at 2. 7 x 10 against an 
equilibr~um ratio. of' 3.4 x lD • V,r~nium-racHum equilibrium is 
reached in approximately 106 years' :r), so that the above· results 

(1)-;.-; Thy~-:~~~~-~:le;~~:;:he~~~;~-bulletin. 
( 2)· R.F.- Thyer and J.C.Dooley, elsewhere in th"is bulletin. 
(3) Handbook of' Chemistry and Physics 28th Ed. ,Chem~· Rubber 

Publishing Co., Cleveland, Ohio. pp.442-3, 482-3. 
(4) F.L. Stillwell. Report No.315. c.s.I~R; etc. 
(5) · F. L. Still well and d'.. B. Edwards. Uranium Minerals f'rom 

(.6) 

(7) 

Mount Painter. Elsewhere in this bulletin~' 
R. G. Thomas, "The Processing of' Radium Ores in South . 
l1ustralia". Aust. Chem. Inst. Jour. and ::?roe.· Vol.IX, 
6th June,· 1942. 

Darias System of' Mineralogy,: Centennial Anniversary Issue, 
1884 - 1944, Vol.-I, John Wiley and Sons, New York. 1944. 
p. 617. 
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stronely suggest that the torbernite is less than 106 years in 
af:e. . This is supported by the low lead content of' the torbern~ 
i te{ 1). Later analyses by Mr. Dalwooa ;\r:ialyst and chemist of' 
the South i\ustralian Mines Department have pr::wed that the lead 
content of' a sample of' au tuni te and torberni te -f'rom No. 6 Deposit, 
was less than 0.0001 per cent. but have revealed a higher lead 
content (0.045 per cent.) corresponding to an ae:e of' more than 
7 million years, f'or a sample <llf' torbernite f'romNo.5 Deposit, 
East Painter. This result is very interesting and will be re..:. 
f'erred to later. 

The youne:est magmatic activity known in the district 
is not later than Palae·:)Z0·ic. It has been sufgested that the 
Paralana Hot Sprinp indicates magmatic activity but this seems 
most unlikely as the spring is situflted on a f'ault near the mR.r­
gin of' the Great i\rtesinn BasL1, n.nd the temperature and chemical 
compos:i. tion of' the water is comparable to that issuine; from 
a~jacent artesian bores. Investigations by the South Australian 
Mines Department of' the Mesozoic beds to the eagtwar-d and west­
ward of' tha Mount Peinter f'ield reveal thRt they have n~t bee~ 
int:i:·u.ded by ipneous racks or bee.n subjected to mineralisationl2). 
There is.no quartz mineralisation along the.Tertiary f'ault bound-
ing the eastern side of' the rang'e. The quartz of' the Mount 
Painter f'ield is conf'ined to the late Proterozoic and early Pal­
aeozc,ic :nocks and appears most likely to be genetically connected 
with t~e old urenitic intrusives df' that field. The above e~id­
ence indicate~ that the torbernite is of' Cainezoic age.. It is. 
theref'ore dou.btf'ul if' it could have been deposited with the Mount 
Gae quartz, which is presumably pre-Mesozoic in age. 

7. TEMPEJ:ii.'l);lRE_QF FORIVIllTIOJi_Q£'.:J.OR.J2J!lRITJ:T:!j!, 

1\s pointed out by 8tillwell( 3 ), the torbernite ;~i.lst 
haYe been deposited below 600C, as above this temperature it 
loses water and f'orrr,s qieta-torberni te. This very low tempera-
ture or de~osition suggests a supergene origin though it does not 
precl 11de a.n ep::. thermal origin as stated by Stillwell. 

8. ,i!SS.QQJ,l}J'.]_c;}J_PF'._.'IlIJLYRANIUM..JlliPOSIT8 VVJ'.J'lL,G-R/~"'JIT~, 

· The uraniufu deposits are confined to the area shown as 
granite on the pe8lo£ical map (see Plans 3288-3291 inclusive)~ 
Non~ has been f'o~nd in the adjoining areas o~ f'olded and faulted 
sedimentary rocks which have been intruded by the granJ..te. 
There is evidence to SU£2est that in places, tbe ?ranite contains 
primary radio-Bctive ·rninerals. Thu& Mawson(4) states chat -
"the red ar:;J_i tic erani te f'rom certain locali t:l,es, for instance 
f'rom No, 16 contains particles of' hematite and other blacl{ specks, 
some of' which were f'ound by autoradi9i;:rraphic test to be ,radi,o- ·. 
active.": J;gth radiciactive ilmenite~5) and i;i.· mineral siini,l~r to 
f'ergusonite~b; have been reported.f'rom the f'ield. fit a point· . 
------------·--·-----------.------~ 
( 1) 
( 2) 
(3) 
(4) 

( 5) 
( 6) 

F"L~ Sti·l~well and A.B.- E.dwards, in this bulletin. 
R.C. Spr?r-::g, Verbal communication •. 
F.L. Stillwell. Report No.315. C.~.I.R. 
Douglas Mawson. 'The Nat•ure an'd Occurrenct:l .. '.J:f urianif'erous 

Mineral Deposits in South AustraLia. Trans. ~oy. Soc. 
Sth. AuBt. Vol.68, Pt.2 1944, ~~3~~· 

Douglas :Mavvson; Op.Cit. p •. 356 .• · 

F~L. Stillvvell ·and f\.B. Eqwards, in th"is bulletin. 

'. 
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55 chains Il8~theast of' the Eost Painter camp, .a specimen of'. 
granite was f'ound to be radio-active though-it contained no 
torbernite or cnvities af'ter torbernite. At licali.ty D west 
of' Paralana Hot Spring', torberni te was f'ollnd in small, eavities 
in un·crushed coarse granite and it is· believed t;hat ·the t:>rber­
ni te was most likely derived f'rom the oxidation of'. a primacy.· 
minc;:-al. i\.t locality E it ·was .t'ound in a crushed granite'· 
apparently llnaccompanied by. hematite or by· any hydrothermal 
minerals. Much usef'ul work could be c.)ne by collecting radio-· 
active granites and identif'yinr the minerals showing this 
property. 

9. !.QR.~~.filfl.!E DE?Ofil.lJLfli...Q!BER PARI§....QF THE_jyQEm~ 

Torberni te-~>1 tuni te occurrences ·in c-';h'"' :-· p~rta: .. of ·•·· 
the world are attributed to the action of' weathering ~gents on 
primary minerals such as uraninite, (including pitchblende)~ 
euxenite, samarskite and betaf'ite. In Madagascar, it was 
f'ound that waters draining ~n area intruded by pegmatites con­
taining betaf'ite, samarskite, euxenite and other uranif'erous 
ti tano-columbo-tantalates, deposi tc;·\l :their uranium content·( 1;1.~ 
autunite in peaty clay beds restin£ on the ancient granite lJ. 
In Portugal, prtmary uranium minerals in qua;-tt: and pegmatite 
veins, were f'ound to weather into torberni te( 2). 

/,t the important deposit of' Shinkolobwe, Belgian 
Congo, more than half' of' the uranium in the oxidised zone was 
in the f'orm of' torbernite. In parts of the deposit, the 
torbernite occurred at considerable distances f'rom the primary 
lode.containing ~it)chblende together with iron, copper and 
nickel sulphides~3 • 

10. SUGGES':r:~:Q ..... !!J:§TORY_OF 1'fill.2:Q.fil!i\TION_QE_' TH~ DEPOSITS. 

The above evidence suegests that the history of'.the 
f'ormation of' the uranium deposits at Mount Painter may have been 
somewhat as f'ollowa:-

The sedimentary rocks of' the Pre-Canmrian series 
were intruded by cranite in late Pre-Cambrian or early Palaeozoic 
time. This fran:Lte contained disseminated uranium-bearing min-
erals such as uranini te and mine:rals of' the pyrochlore.-f'ert:'US­
;'mi te-samarski te· type, which we re most concentrated in the 
highly f'elspathic and pegmatitic f'ractions. Fracturing and 
brecciation of' the rocks of' the area were f'ollowed by the depos­
ition of' quartz (anc possibly some primary hematite) with some 
magnetite, pyrite, f'luorspar, barytes and perhaps uraninite 
f'rom hydrothermal so~utions. The centre of' the quartz mineral­
isati8n was Mount Gee, but it also impregnated though to a 
lesser degree, the crush zones which now contain the uranium 
deposits. This primary mineralisation was probably associated 
with the granite ref'erred to above. 

"[Ir-ore Deposits o?-:t'h;~Western United States. Lindren Volume. 
New York 1g23, p.476. · 

( 2) /,1 tera ti on des Minerais Noirs D 'Uranium Portugais. Chimie 
et Industrie. 30: 805 June, 1933. 

( 3 ) Mineral~ Year Book, 1934, United States, Department of' the 
Interior, Bureau of' Mines. p.498-502. 
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The history a"f the area in the Palaeozoic era is 
not well known. It_ i~ possible that Mesozoic sediments were 
deposited over the area and have since-been removeq by erosion. 
In any case, the aren, in common with the remainder of Australia, 
was probably reduced to a peneplain by early or middle Tertiary 
.time. · Weathering af' the crusR zo~es be2an a·s soon as any over­
lying Me~ozo:ic sediments ~rnd be~n reoiovea, and c".:>ntir:iued during 
the rema1nde~ ~r the peneplanat1an. In KosQiusko(lJ (Late 
Pliocene) time, considerable enrth ~ovements beean and resulted· 
in the uplift ~f the Moun~ Painter bloe~; erosion w~s int6nsi-
!'ied and the dissection of the area began. The crush zones· 
f'ormed suitable ehannels f'or the eirculaticm of' ground waters 
and it is sugrested that these waters have thoroughly leached 
and kaolinised the granite in these zcines; they have taken 
iron; manganese and uranium into solution and concentrated them 
in the f'orm orithe prese~t manganiferous ironstone-uranium 
deposits, mainly as ·eappings over the crush zones. 

' 
The le achini:; ot the uranium content of the ironstone 

eappines is pr0oeeding-at the present time. The observed radio­
activity 0r much of the ironstone whieh does not now eontain 
uranium and the disseminati:m of' torbernite in sheared t:ranite 
immediately be1ow some of' the ironstone masses point to this. 
Leaehed cavities after torbernite, may be seen at the surface 
in several deposits. The torbernite at No.6 Deposit has appar­
ently been deposited durine late Cainozoie times. 

The origin and history of' the individual deposits may 
be interpreted as rollows:-

(1) The Torbernite at a point 2i miles southwest of' Para­
lana Hot Spring is definitely associated with pegmatitic granite. 
There is nCJ sign of' hydrothermal activity. There appears t0 be 
little doubt that the primary uranium-bearing minerals f'rom whieh 
the torbernite was derived by weathering, oecurs sparsely diss­
eminated in the peematitic granite. 

(II) At a point 110 chains southwest of' Paralana Hot Spring 
the pegrnatitic .e:ranite is somewhnt erushed anc'! sheared, but is 
not gre'atly altered. Ji f'ew flakes or t orberni te and thin coat­
ings of' ironstone occur nlong shearing planes. This may repre­
sent the early stages of' the development of a torbernite deposit 
by ~round water leaching or granite. The No.Band parts of the 
No.7 deposits at Mount Painter, where little ironstone is pres­
ent, rn8y also belong to this stage. 

(III) Deposits such a's the ''Smiler" and "Bentley" at East 
Painter and the No. 3 and No. 4 deposits at Mount Painter, in 
which surfaee eappings of' ironstone are underlain by more or less 
sheared granite containing a f'ew rlakes of' torbernite, may repre­
sent the rie.x;t stage in the development of' torberni te depoei ts 
by the leaching of' granite. If.so, no primary ore of' minable 
grade could normally be expected. However, hydrothermal min­
erals such as barytes, I'luorite, some pyrite and a. little quartz 
have been noted in this type of deposit and it is not impossible 
that a primary uraniu~mineral was introdueed with these minerals. 
The amount of' secondary uranium mineral isa ti:m so f'ar f'ound in 
these deposits is, however, small and coulq have been derived 
f'rom primary minerals in the 2ranite and pegmatite. · 

(IV) The nature of' the primary mineralisation f'rom whcih 
were derived the torbernite anc1 autunite_deposit at No.6 working, 
----~- ___ _,. ____ _,. __ ~~-------~~--- ----------~-
( 1) W.R. Browne. 

_.\ustralia. 
1945.; 

1\n ilttempted Post-Te.rtiary Chronology for 
Proc. Linn. Soc. N.s.w., Vol.LXX, ?arts 1-2, 
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Mount· Painter and the torbernite deposits in the East Painter 
crush zone, is not clear, A .. s in the above cases, there i_s a con­
centration of' ironstone at the sur:t'ace and there has 'been wide- · 
spread leachin£ of' the erani tic rocks in the crush zones •.. _ The de­
eree of' 6irculation of' rround water in the brecciated granitic . 
rocks appears to have been suf'ficient to have leached out their 
uranium content And re-deposited it in the f'orm Of' the present 
torberrii te rmd autuni te shoots~ .- Drilling to a. depth ·Of' approx­
imately 245 f'eet in the No.6 deposit revealed kaolinised granite 
with occasional veinlets of' hematite. 

However, there is considerable evidence of' hydro­
thermal activity in the East Painter crush zonefjl. Thus, in the 
ytcirii ty of' Nos, 1 and 2 deposi·ts, East ::?ainter numerous cavi tie-s 
and pselldbmonph~ ?f'ter pyrite some~imes f'illed with torberi:i~e 
have been noted\ 1). f, pri::m1itient ironst::me outcrop, contain:ing 
traces of' torberni te ~ which occurs to the north of' No~ 5 pr,ospec t·, •. 
East Painter, consists maihly of', hematite, but contains nq:meroua 
boxworks of' limoni te which may ·re'present. f'ormer sulphide crystals. 
It is evident that the crush zcines have be:en deeply and- thoroughly 
leached and mAny primary miner'als which might hAVe been present 
would have been removed in solution or very much altered.· The 
No.5 deposit at East Painter, possesses particularly interGsting 
f'eatllres. l• rich torberni te seam is largely conf'ined to a narrow 
channel which on the f'ootyvall side, is S$amed with quartz. .i\s 
stated previously, torberni te f'rom this deposit shows a consider-' 
ably higher lead content than that f'rom No. 6. /1ssuming no ad--
mixture of' lead f'rom other sources the lead-uranium ratio of the 
ore indicates an age of' approximately 7 million years. _This tor-. 
bernite cauld have been produced by the oxidation of' a uranium­
bearing vein, (the primary mineral possibly being uraninite) more 
or less in situ. This p6ssible oriein is in contrast with the 
leaching of' uranium f'rom large bodi.es of' granite and the f'ormation 
or torbernite even llP to the present time. It. seems likely at 
least, that the t0rbernite hes.not been in solution in the past 
7 million years. 

11. Q.illlQ!!!ISIO!!§. 

The above evidence stronely sueeests that the tor-
bernite deposits are of' su~ereene origin. It is believed that 
in many instances, their uranium c:mtent was derived f'rom prima,ry 
minerals sparsely disseminated in the granite And pegmatite and 
.that in these cases, th~r~ is little hope or f'inding workable 
deposits or primary ore~2). .. . 

There is evidence of' hydrothermal mi.neralisati on in 
the East .Painter crush zone and .Jne small torberni te shoot (No. 5) 
and two rather promising torbernite-bearing olltcrops (Nos.1 and 
2) h.<we been round in this section. Fllrther testing in the 
East Painter Rrea, particularly below the zone or weathering wil1 
indicate more precisely the origin of' these deposits. -
Qanberra. 30710/45. 

----~ ...... ~---------
(1) F.L. Stillwell and A.B. Edw13-rds:- Uraniqm Minerals :from 

Mount ?ainter ••• • •. 'l'his blllletin •.. 

( 2 ) The writer is ref'e_rring to ore averaging o. 25 to .o. 5 per cent. 
U30s. It is possible that ru-ture scientif'ic ·developments 
will render much iov{er grade ore attractive. 



IV - ORIGIN OF THE MOUNT PAINTER URANJ:IJM.DE.POSI'l!S 

by 

E. BROADHURST 

Geological survey of South Australia 

1. Introduction 

The present discussion is meant not so much to present an 
original view on the origin of the deposits, as to collect the 
possibilities suggested by Stillwell and Edwards and by Sullivan. 
There is a general agreement that the uranium minerals other than 
fergusonite are of secondary origin ... This means that the uraniUin 

··has been derived from primary minerals, but there are various 
possibilities for the mode of origin of the secpndgry deposits. 
These possibilitiGs are surmnarised in the following table. 

POSSIBLE ORIGINS OF MT. PAINTER URANIUM DEPOSITS 

Action of supergene 
waters 

upergene 
,nc en tra ti on 

from 
urrounding 

rocks 
ase l 

Super gene 
enrichment 
of original 

lode 

Case 2 

SECONDARY ORIGIN 
I 

Action by ascending 
magmatic waters 

~~~~~~~~~~t:~~~~~~~~--. 

No lateral Lateral 
transportation transportation 

Case 3 

within 
original 

loda 
Case 4 

Lateral 
transportation 
from without 

lode 

Case 5 

The two main di v'is ions are based on whether the forrna tion 
of the secondary minerals from the primary uranium minerals was 
carried out by supergene waters or by the magma tic .epi thermal waters 
connectE:d with the formation of the Mt. Gee quartz and hematite. 
The further sub-divisions depend on the amount of transportation of 
the uranium-bearing solutions before re-deposition occurred. These 
various cases will now be discussed. 

2. Case 1 

This process is the concentration of minute quantities of 
uranium in the surrounding rocks into lodes by thG action of 
supergene wators. This case has been fully presented by Sullivan, 
and there ls no need to repeat them here. 

3. Case 2 

This is the ordinary process of supergene enrichment of a 
primary lode. It differs from Case 1 mainly in the amount of 
re-concentration which has occurred, and in the fact that Case 2 
admits of the possibility of a primary lode below the zone of 
oxidation. Facts favouring this mode of origin in the No.6 Deposit 
are the kaolinisation of the hematite breccia, showing the· passage · 
of acidic waters through the rock, and the tendency for torbernite 
to occur at the edges of the breccia. The letter fa.ct· could be 
explained as being caused by the uranium-bearing solutions 
precipitating their contents when passing out from the body of' the 
breccia to the surrounding rocks. The other argume.nts favouring 
this process have been given by Sullivan viz. the low Pb/U ratio 
and the non-equilibrium condition of the U/Ra. ratio of the autunite 
and torbernite indicating a comparatively recent age, the absence of 
any known signs of igneous activity later than the Palaeozoic, and 

I .... 
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the redioactivity of the outcrops of hematite brucci~ indicating th~t 
the uranium has been leached out and the re.dium loft behind. 

4. Case 3 

This process is one of chemical attack by the epithermal 
'Mt. Gee' solutions on the primary uranium minerals, converting 
them mcinly to the hydrous phosphates. In this case the change has 
occurred in situ and the secondary minerals occur in place of the 
primary minerals. At East Painter, the boxwork structures which 
occupy the cavities left by an original mineral suggest that such a 
process might have occurred and thnt the torbernite now occupies the 
cavities left by a primary uranium mineral. 

If the development of hematite from magnetite occurred with 
the introduction of the epither.mal Mt. Gee quartz, then it is likely 
that even if the shape and uranium content of the primary lode were 
preserved, the primary minerals would be converted to secondary 
minerals by the action of these solutions. In such a case the 
minerals ·might remain in situ, or become transported and so belong 
to either of Cases 4 and 5. 

5, Caso 4 

Either the fourth or fifth processes, that of the attaok 
of the epitherrna.l Mt. Goe solutions on the primary uranium minerals 
with the resulting formation of the hydrous uranium phosphates, seems 
from evidence cited by Stillwell and Edwards to have definitely 
occurred. 

In Case 4 the uranium is considered to have been taken into 
solution and transported, but still remaining within the lode. At 
certain favourable structures deposition of the uranium minerals 
occurred. Applying this case to No. 6 Deposit, the hematite 
breccia would represent the original uranium lode. The only favourable 
position for deposition known so far is the much faulted vicinity of 
the "V" shaped mass of silicified gneiss near the main shear, as 
described in the section dealing with this deposit in detail. 

6. Case 5 

The process in this case is one of solution of the 
uranium from the primary minerals by the epitherrnal solutions, 
transportation into favour~ble structures such as shears and 
brecciated zones, and re-deposition there. This process corresponds 
in a general way to Case 1, except that magmatic waters act as the 
media of solution and transportation instead of meteoric waters. 
The essential difference, however, is that the process in Case 1 
is confined to the zone of oxidation, probably close to the surface, 
while the process in Case 5 can occur at any depth in which the 
epithermal solutions were active. 

7. Conclusions 

Thus there are five different processes of concentration 
which could have been Bctive to form the uranium. deposits, and each 
has certain facts to support it. In ma ny places it is likely that 
a combination of the processes has occurred. The important feature 
is that each process throws a different aspect on the possibility of 
finding further ore-bodies. 

In considering the future prospects of the deposits, the 
possibilities w.hich each process holds out for the discovery of 
further ore are the essential features. The ore-bodies formed in 
Case 3 are identical in shape and uraniwn content to a primary lode, 
the only difference being the nature of the uranium-bearing minerals. 
All ore-bodies formed in Cases 3, 4 and 5 are liable to sup,ergene 
alteration, i.e. Case 2. 

I ... 
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In Cases 1 and 2 the chances of finding another ore-body 
such as No.6 depend on the possibility the.t this deposit is a 
'perched' body of surface enriched ore. This means that this ore­

body occurred at a much smaller depth than the normal zone of super­
gene concentration. Owing to some adventitious geological 
occurrence such as fa.ul ting or the lack of suff.icient acid solutions 
for re-solution of the minerals the deposit was left behind in the 
downward migration of the water-level accompanying erosion. Under 
such circumstances there might be further ore-bodies deeper in the 
zone of oxidation. However, such an occurrence is merely a 
possibility, since oxidised minerals such as autunite and torbern1te 
could occur anywhere in the zone of oxidation and probably the No.6 
ore-body, if it was formed by supergene processes, was at its normal 
depth from the surface. In the other deposits which have not been 
prospected as thc~roughly as No.6, such as the Greenwood's Camp 
deposits_ (Nos. 1, 2, and 5 East Painter), there is qui to a 
possibility that the processes in cases 1 and 2 have acted and there 
will be a zone of supergene enrichment. Case 2 will differ from 
Case 1 in that there will be a primary lode (or its equivalent 
through the action of Case 3) lying underneath the enriched body. 
Even if there is such a lode present, its uranium content may be very 
smnll. Another, and very optimistic view of the Greenwood's Camp 
deposits is that they are the equivalent of primary lodes, as in 
Case 3, which have become leached at the surface. Such an 
explanation of these deposits would assume ore reserves many times 
greeter than those already produces from the field. 

Cases 4 and 5, though differing largely in the mode of 
origin of the deposits, do not differ so much in tho resulting 
occurrences of the ore. In Case 4, the breccias and shears 
represent the original lodes in which the secondary uranium minerals 
have become re-concentrated. In Case 5, they represent the means of 
access to the uranium-bearing solutions and in which the uranium 
minerals would be deposited where the structures were favourable. 
Hence in both cases the breccias and shears would contain the 
orebodies, but if the No.6 Deposit is any criterion they would be 
very small and irregular, and liable to occur at any depth. 

From the above reasoning, it can be seen that there are 
more possibilities of further orebodies at the Greenwood's Camp 
deposits, and perhaps the other East Painter deposits, ths.n at No.6 
Workings. In the latter locality the possibility of further 
orebodies depends on adventitious geological circumstances, whereas 
at Greenwood's Camp there are definite possibilities that supergene 
enriched orebodies and even the equivalent of payable primary ores 
exist. Hence it is reconnnended that if any further development work 
is carri8d out, it should be done on the Greenwood's Camp Deposit. 
(Nos. 1, 2 and 5, East Painter). 



PABT IV - REPORT ON GEOPHYSICAL SURVEYS OF URANIUM DEPOSITS~ 
MOUNT PAINTER DISTRICT, SOUTH AUSTRALIA. 

by ' 
R.F. Thyer and J.C. Dooley, G3ophysicists, 

Mineral Resources Survey. 

(Plans Nos. 1169, 1170, 1180, 1220,) 
1222, 1232 2 1237, 1307 to 1311 inclusive. 

I. INTRODUCTION~ 

The geophysical surveys reviewed in this report were part 
of an investigation carried out by the Commonwealth Government on 
behalf of the British Government. The responsible Commonwealth 
authority was the Controller of Minerals Prod.uction, Department of' 
Supply and Shipping and operations on the field were under the 
supervision of S.B. Dickinson, Director of Mines; south Australia 
and Delegate in that state for the Controller. Deposits of 
uranium minerals occurring at several places in the Northern 
Flinders Ranges of South Australia, and centred about Mount Painter, 
were subjected to detailed geological examination followed by 
surface and underground prospecting by moans of costeans, shafts, 
drives, etc. The geophysical work was undertaken with the object 
of assisting the geological examination by measuring the radio­
activity of rocks in situ and of hand specimens and assisting the 
prospecting work by making estimates of uranium content of mine 
samples. 

The geophysical surveys were carried out by officers of 
the Mineral Resources Survey Commonwealth Department of' Supply and 
Shipping using instruments constructed by them, and consisted of 
two main parts namely -

( i) 

(ii) 

field surveys to locate and delineate areas of' high 
radioactivity. 
laboratory work to make approximate determinations of 
uranium content of mine samples by measuring the 
radiation from them. 

In addition to the above, the instruments were used during 
each visit to the field to identify radioactive minerals in hand 
specimens. The geologists gathered specimens from outcrops during 
reconnaissance surveys of outlying pGrts of the field and brought 
them to the instrument at the base camps for determination of 
activity. 

The initial work w2s conducted by R.F. Thycr in August 
and September, 1944, at the request of S.B. Dickinson. A Gciger­
Muller radiotion counter was built in the workshops of the Physics 
Department of tho University of Adelaide, and the helpful assistance 
of Professor Kerr-Grant and members of his staff ,especially John 
Symons, is gratef'ully c.cknowledged. This apparatus was used in 
making field surveys over the No. 6 deposit at 'Mount Pointer and 
over the 'smiler Greenwood' and 'Bentley Greenwood' deposits at 
East Painter, but did not function satisfactorily. 

The ~ield work was suspended temporarily while the apparatus 
was redesigned in the Mineral Resources Survey laboratory at 
Canberra. At the s.;;:ne time a second apparutus, suitable for 
carrying out approximate u1~unium determination of' mine samples .in a 
laboratory was constructed. 

Field work was resumed and continued during November and 
December, 1944, by R.F. Thyer and J.C. Dooley and radiation surveys 
were made in detail over deposits near Greenwood's camp at East 
Painter. The nev.r field instrument proved to be satisfactory, 
although somewhat slow in operation. 
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Upon returning to Canberra after the abovementioned field 
work was completed J.C. Dooley built a unit of light weight fitted 
with headphones and suitable f'or reconnaissE'lnce work in outlying 
prospects difficult of access and for which.qualitative, rather 
than quantitative, results would be of value tb the geologists. 
At the same time an inv~stigation was conducted at Canberra by· 
J. rvr. Rnyner into the possibility o:f using radiation mea suremonts 
as a means of estimating the uranium content of samples from the 
.Mount Pointer f'ield~ 

Tho Director of Mines, South Australia vvroto in Jo.nuary, 
1945 to the Director~ Mineral Resources Survey, s sking that o. 
Geiger-Muller appsre.tus be made availnble 2,t Mount Painter f'or 
preliminary assay work, as a lorge proportion of' the mine samples 
had been f'ound on chemical assay, to contain little if any uranium. 
During February and March, 1945 J.C. Dooley was bngaged on this type 
of' work at Mount Painter and while there he carried out some f'ield 
work with the portable telephone equipment. 

Preliminary reports wore prepared on the completion of 
each phase of the field or assay work and the present report combines 
and replaces them. · 

It is proposed to describe briefly tho fundamental nature 
of radioactivity with spociol ref'erence to such f'eaturos as have a 
particular bearing on the problems encountered in the field and 
assay work. In addition, it will be necess2ry to deal brief'ly 
with the geology of tho various areas covered by the field work in 
so f8r as it effects the geophysical problem. 

II. FUNDAMENTALS OF RADIOACTIVITY. 

Radioactive substances may be defined as those which 
have the power of spontaneously disintegrating, and, in doing so, 
changing f'rom one atomic f'orm to another. More than f'orty 
isotopes of the hesvier elements and few isotopes of' some of the 
lighter, e.g. potassium and rubidium, are radioactive. There are, 
however, two moin series st2rting from the clements uranium (atomic 
weight 238) snd thorium (f':tomic weight 232) and changing from one 
atomic form to onother to give as end products two isotopic forms 
of leod. A third series of' lesser importance starts from a minor 
isotope of uranium (a"tomic weight 235) and is known as the 
actinium series. The rate at which the change from one atomic 
form to another takes nlace is characteristic of each member of a 
series and each member-hos a half period, i.e. the time required 
for·half' the mass to disintegrate, corresponding to tho rate of' 
change. 

· After a sufficient lapse of time, (~hich, in the case of 
the uranium series, is about a million years) the relative amounts 
of' eoch member present become constant providing that the series 
remains undisturbed. The amounts of each member present are 
proportional to their respective half periods and the series is 
said to be in radioactive equilibrium. 

The atomic transf'ormations are accompanied by the emission 
of' rays which are of three distinct types, namely alpha, beta and 
gamma rays, although all three types are not given off' at each 
transformation. Alpha and beta rays are corpuscular in character 
and are absorbed by relatively small thicknesses of' solid matter. 
Gamma rays, on the other hand, are similar in character to X-Rays, 
and have ri much greater povrer of penetration. The ratio of' tho 
penetrating powers of the three types of' r~ys are nearly 1 to 100 
to 100~000 respectively. ft is claimed that the gamma rays :from 
certain members of the uranium series can pass through 15 inches 
of solid lead and still be detected, although they drop to half' 
their value in passing through 1.4 cm. of lead. · 

In the ~ield and assay work under review the detecting 
instruments were screened to such an extent that all the alpha and 

• 
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beta rays were excluded; ond the gamma rays measured. 

Gamma rays may be detected photographically, by electro­
scopes, ionisation chambers and by radiation rny counters such o.s 
the Geiger-Muller Countero The last three mentioned arc those 
methods most commonly used, and, according to R.B. Rose (1), 
the Geiger-Muller counter, is mord sensitive than either the 
electroscope or ionisation chamber. In the work under review 
Geiger-Muller radiation counters were used as detectors. 

The f'ollowing tablo, shows the trnnsf'ormations which give 
rise to gamma rays in the uranium, actinium and thorium series and 
in the radioactive isotope of' potassium. 
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arc \ .As f'nr :B.s the radiotion measurements at Mount pa.inter 
concc~ned, the gamma radi8tion f'rom potassium is unimportant because 
th~e would be less than oOOl per cent of' the radioactive isotope 
(K ) present in roclrn such as pegmatite and granite which have high 
potassium contents relative to other rocks occurring in the Mount 
Painter area. Rubidium occurs so rarely in noturc that its presence 
in the Mount Pointer area is considered most unlikely. In any case 
there is no ref'erence in standard works on radioactivity, e.g. 
Hevesy & Paneth (2) to any gamma radiation arising from rubidium. 

On the other hand uranium occurs in some of the deposits in 
concentrations which exceed 1 per cent. The urenium isotope (235), 
the parent of' the actinium series is always present with the 
principal uranium isotope (238) in the ratio or 1/140. 

For reasons which will be given later in this report (3), 
it is believed that thorium occurs only as traces in the areas 
covered by the radiation surveyo with the possible exception of' 
Radium Ridge on vYhich occurs the No.2 deposit wb.ere notable amounts 
of monazite have been reported to occur (4). 

Ros~, R:B. Radioactive Exploration, The Mines Magazine, Doc. l941. 
Hevesy G. and Paneth F.A., a Manuel of' Radioactivity, 2nd Ed. p.5l, 
Oxford Uni. Press 1938. 
See page 6. 
Mawson, Sir 
Deposits in 

n. The Nature and Occurrence o:f Uranif'erous Mineral 
South .Austra1ia Trans. J:.(Q.:l..•~Soce S.A. Vol.68(2) 1944. 
. . - j ... ~~ -·-:>~ .. . 



In the gamma radiation table given above the letter W has 
been used to signify those radiations which are· given in the Handbook 
of Chemistry and Physics ( 1) as weak. The table indicntes that the 
gamma radiation fro!J1 a uranium ore comes principally from the trans-· 
formotion of Radium C to Radium cl. However, in measuring the 
gamma radiation from a uranium ore the relative intensities of the 
gamma rays from the various transformations will depend on the 
screening employed. Under the conditions of screening usod with 
the Geiger-Muller appnratus described in this report, nearly all 
the soft gamma rays were excluded. Some absorption tests were made 
and will be described in detail in a later section of this report. 
Briefly, the resul.ts of the tests indicated that the radiation 
measured was composed of roughly 60 to 70 per cent hard radiation 
from Rae and 40 to 30 per cent hard radiation from UX9. Generally, 
however, the screening used in the surveys and tests described herein 
was less than. thst. used in tho absorption tests ond it is probable 
thnt the gamm8 rsdiotion from the Roc to Ro.Cl transf'ormotion . 
accounted for more th8n 60 to 70 per cent of' the total measured. 

If' the members of the uranium series are in equilibrium 
in n sample, the intensity of the radiation from it will be 
directly proportional to its uranium content (pJ;'oviding of' course 
that no thorium is pro sent)~ Such n relation would form a sDtis­
f'actory basis for using radiation measurements for assay purposes. 
Unfortunately this desirable condition of equilibrium does not 
exist in samples f'rom Mount Painter. R.G. Thomas (2) found that 
the ratio radium/uranium was 2.70 x l0-7/1 whereas for a uranium 
mineral in eguilibrium with its disintegration products it should 
be 3.4 x l0-7/1. The ratio is only an average of' those for 
uranium minerals of' all oges in the ssmples. The minerals might 
include primary ones (which would be in equilibrium) as well as the 
torbernite and other secondary minerals. However, primary minerals 
have either not been detected or detected in only very small amounts, 
whereas secondary minerals are obviously present in appreciable 
amounts~ The ratio therefore indicates that the secondary minerals 
must be considerably younger thon the million years required for 
them to reach equilibrium. 

However, there is another way in which the age or uronium 
minerals is indicated, namely by the ratio of lo~d in the ore to 
urnnium content. Lead is the final disintegration member in the 
radioactive series and there is n definite relation between the 
le3.d/uranium ratio and the age. . The ratio approaches 0.26 for the 
oldest known (lower Precambrian) uranium nimerals, e.g. uraninites 
from southeast Manitoba, Canada and approaches zero for younger 
minerals. Dr. Stillwell (3) stat.es tbct "lend is not readily 
detected in individual crystals of torbernite ond autunite 11 • · 

In ccrrespondcnce with tho writers in explanation of the above, 
Dr. Stillwell indicated that the quantity of lead would be con­
sistent with an age of' less than a million years for these 
secondary minerals. 

On the other hand R.G. Thomas (4) records that "many 
pounds 11 of lead chloride were separated f'rom the Mount PGinter ores 
during treatment. He states that no lead vessels were used in the 
sepsN1tion and that "there are no recognisable lead minerals on the 
Mount Painter field" and concludes that this lead is derived from 
the disintegration of the uranium series. This is strongly 
supported by his atomic weight determination (205.B) which is very 
close to the value of 206 accepted for lead derived f'rom uranium. 
An approximate estimate. by the writers of the uranium in tho_ ore 
treated by R.G. Thomas places it at leas than 2,500 lb. and therefore 
for every l ·lb. of lead produced, the lead/uranium ratio would be 
0.0004 and would represent an age of approximately 3 million years. 

1. Handbook of' Chemistry and Physics ~5th Ed. Chem. Rubber Pub. Co. 1941. 
2. Thomas R.G. Processing or Radium in South Australia, Aust. Chem. Inst. 

J. & Proc. Vol. 9 No. 6. 1942. 
3. Stillwell Dr. F.L. and Edwards, Dr. A.B. Uranium Minerals from Mount 

Painter. This bulletin 
4. Thomas R.G. op. cit. 
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The expression "many pounds" used by Thomas to describe the emount 
of lead chlori~e produced probably means on amount in excess of 
10 lb. of load which would give on age in excess of 30 million 
years during which the uranium has been in the deposit, providing 
bf course that the uranium end the lood produced from it have 
~emained to~ether in the deposit. Drs~ Stillwell and Edwards 
describe (2) a mineral which wos found in the workings and which 
they believe to be gummite (composition 92% U03, 2e8% PbO and 1% 
P205)" Dana (3) describes gummite as being an .oxidotion product 
:- :· "~·1:,ni::d to;- frc qucntly occurring as complete pse.udomorphs after 
uren_:_;:::. :;: .. :. In the No. 2 Deposit gummite occurs in v'ughs ~ and in 
the J\To., 6 .C:'·':.."::Lt it is olso present but is not· a psoudomorph. 
Novorthele SS it ,;:: ~,r .be token os evidence of the pre-existence in 
the No.6 orebody of' primary uranium mincrolso Furthermore it might 
be these primory minerals Which hove given rise to tho greater port, 
if not all· the lcod that wo~.recovored du~ing treotcient. The 
discove:i:iy of gummitc co!)toining lood. in no way ef'fects Thomas' 
conclusion thot the leod recovered during treatment wns derived 
from the disintegration of tho ur<:i.nium series. 

Thero appears, there:fore, to be o discrepancy between the 
nverngo ago of the uronium minorcls as determined by tho Ra/u ratio 
and that indicated by the le8d/uranium ratio. It is believed thot 
this opporent discrepancy can best be explained by the :following -

i .. 

ii. 

Uronium, radium ohd leod derived from o primary uranium 
mineral of eflrly Palaeozoic oge4 ore present in the ore. 
The uranium and rodifim arc present in amounts correspond­
ing to equilibrium. The leod/urcmium rotio would be high. 

Secondary ur2nium minerals (torbernite, etc~) were intro­
duced into the ore in guontities relotively much greater 
than the primary uranium mineral. This in ~.c.oduction 
occurred approximately 400,000 years agoa 

l. In correspondence vvi th the writers, Mr. Thomo.s explained that no 
records were kept of uranium contents of the ore treated and in 
fact much of the uranium was discorded during treatment. He 
concedes that 2,500 lb. is o foir estimate. At the some time he 
ndvised that the estimste of 10 lb~ lend in tho ore is probably -
low in so :for os his treatment would not hove recovered oll the lccd. 

2. Stillwell Dr. FoL. ond Edwards» Dro ,\.B. - in this Bull~tin 
3. Dsna's System o:f Minernlogy, Seventh Ed. Volel Chapman and Hall Ltd., 

London. 
4. The youngest magmatic activity known in the Mount Pointer district 

is not later thon Palnezoic~ The age of the primary mineral 
11 Fergusonite" found in the No.t2 workings ond determined by its Pb/U 
·rotio oppeors to be Palaeozoic& The Pb/u rGtios :found :for two 
onalyses by A,.rv,.. Klaomon 2ro Oo093'.nnd 0.058 corresponding to ages 
of approximately 700 and 440 millio. n years res~ectivelyo The :first 
of these analyses is quoted by Sire D. Mawson l5) and appears to be 
that of a single sample of 11 Fergusonite" o The other analysis . 
however is thnt. of' samples in which every groin w2s subject to care­
ful microscopic examination and according to Kleeman(G) -

"was carried out· on f'i ve samples aggregating two grams in weight, 
shows'l0.6% U30s and o._72% PbO; that is£\ Pb/U ratio of o.058 
which corresponds to an age of 440 Million years. The di:ff'ic""' 
ulties inherent in the analysis and the results obtained suggest 
that the uncertainty is of the order o:f 10%. The age of the 
mineral may thus be stated as 450±.50 million years". · 

It is evident tha·i_; the age detcrmina.tion of the lotter samples is a 
more reliable enc than the former. 11 Fergusoni te" .is a primary 
ars·c-;i?7JP ~i~:,:·:::>'" l i:~~:>'t:iculorly resistant to we2.thering and it is not 
likely lib.st the primary uranium mineral ro:ferred to in ( i) above 
was 11 Fergusoni te". 

5. Mawson, Sir D. op. cit. 
6. Kleeman, A.W. quoted in private communice.tion of' Sir D. lY!awson to 

Directol' of Mines, f;deloido., 
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The results are that :firstly the average or'.0-·--0-0.ll±..a;l.ns only 
approximately three quarters o:f the ra.di.um __ .~mpe~e-d--with that--w-.hioll. 
would be in equil.ibri.unt-w-±·th-t..he-·tn>ffil1um present and secondly the 
amount of' lend compared with the uranium gives a much lower eeo than 
that of' the primary uranium mineral. That enrichment by the 
addition of' secondary urnnium minerals to the ore may have occurred 
is supported by the f'nct that radiation measurements prove that the 
brecciated zones which contain the isolated and small uranium 
deposits--more particularly those parts of' the zones which hove a 
high hematite content--are generally weakly radioactive. The 
radiation surveys indicated that there is widespread but very weak 
radioactivity throughout the crush zones, and :further that those 
parts of' the :zones which contain much· hcmat i te have much, greater 
radioactivity. rt should be noted, however, that the greater part 
of the hematite contains no visible uranium minerals. At the No.6 
deposit the outcrop o:f the brecciated zone is composed largely of 
massive hematite which was found to be increasingly radioactive oa 
the Noo6 ore shoot wns approachedq No uranium minerals were 
visible in the greatest part o~ the hematite outcrop although it 
may have contained a minute quantity. The East lidit ...; 30 f'eet level 
has been driven f'or 70 :feet through massive hematite and the results 
or assays of' samples from it average Oo03% u3 0g~ The radiation 
measured at the surf'ace in the vicinity of this adit, however, was 
greater than would hove been expected :from such.a low uranium content 
and it is suggested that the excess activity is probably due to the 
presence of decay products of' uranium. Two mine samples from the 
No.6 workings were found by J.M. Rayner to have appreciable activity 
although they showed no uranium on assay. rt is suggested that the 
activity displayed by these samples was due also to decay products 
of uranium, the original uranium having been leeched :rrom the 
samples. 

It was thought at one time that the activity of' the samples 
ref'erred to above and o.f the massive hematite may have been due to 
thorium. While it cannot be claimed with certainty that thorium 
is not responsible (it would ·require chemical assay of' samples of 
hematite to determine this) it now appears most unlikely for the 
f'ollowing reasons. If' thorium had been present in quantities 
suf'f'icient to account f'or the excess radiation measured, then 
thorium lead (atomic weight 208) would have been recovered dul'ing 
the treatment of' the ores. Thorium is a primnry mineral and as 
such would most likely be o:f Palaeozoic age. Thorium of' such an 
age would have a thorium-lead/thorium ratio of' approximately o.03 
and the quantity o:f thorium which would have to be present to · 
account :for the excess radiation would be such that suf'f'icient lead 
should have been produced to e.f':fect appreciably the atomic weight 
determination referred to by R.G. Thomas.l The atomic weight 
(205.B) :round f'or the lead recovered seems to preclude the possi­
bility of any significant amount o:f thorium lead being present in 
the ore and hence precludes significant amounts of' thorium. 

Dr. Stillwe112 ref'ers to monazite (the only known thorium­
bearing mineral at Mount Painter) as being 11 scattered sparsely , 
through all the prospects" with the exception of No.2 deposit on 

3 Radium Ridge where up to 30~ monozite is recorded. Sir n. Mawson 
quotes results o:f assays of :~hree monazi te specimens from Mount 
Pointer as 0.3, 0.2 and 0.,16'1 Th02 respectively. I:f the thoria 
contents are typical o:f Mount Painter monazite and i:f Dr. Stillwell's 
term "sparselyfl is accepted ns meaning less than 1% .monazi te, then 
the Th02 content of' such deposits as the No.6 would be less th~n 
.003%. This f'igure is consistent with R.G. Thomas' statement 
thnt the Mount Pninter ore treeted was virtually ~ree f'rom thorium. 

Thomas, R.G. 
Stillwell, Dr. 
Mawson, Sir D• 
Thomes, R.G. 

op. cit. 
F.L. and Edwards, Dr •. A. B. 

op,. cit. 
op. cit. 
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It is concluded, theref'ore, thnt the .e.xceBa. radiation rrom. · · 
the mine samples w·hich go.vc no urnn ium on assay, and fr-0m hematite 
outcrops free from visible ·uranium minerals is due mo.inly, if not 
entirely, to decay products products of' uranium, such as ionium and 
radium, being present in the samples of hematite. There is thus 
evidence of a former widespread distribution of uranium minerals 
in small amounts in the crush zones and the hematite bodies and that 
the uranium was leached'from them more than 1,000,000 years ago • 
The uranium.from such sources would have sufi'icient to form the 
richer concentrations of secondary minerals (torbernite etc.) 
forming the shoot such as Noo6~ 

IV., THE GEOPHYSIC;\L SURVE~:f?.. 

A• Survevci Und~_rtnken 

l. F1e1d Work -

The field surveys carried out with a view to locating nnd 
delineating areas of high radioactivity were based on the relatively 
simple assumPtion that concentrations of uranium minerals in close 
proximity to the surfcce would form areas of high radiation. 
Further, it was assumed that the areas where radiation was most 

•intense would· be those most likely to contain concentrations of 
economic importance~ 

There 2re indirect rep_::;11 ts that work of' like nature has 
been done clsewhcro0 CoS• Loral in a report on Boar Exploration 
and Radium leases in northwoste:t>n Canr: ;_a stated that -

11 during the summer· of 1939 an instrument do signed to detect the 
presence of radioactive clements was used to explore tho surface 
of the property in a search for pitchblende deposits. No 
pitchblende was found, but the work is said to indicate that it 
may occur in zone 1 and 2 and. in ono other zone. 11 

El1sworth2 discusses radiation surveys by the Russian 
geophysicists Bogoiavlcnsky, Lomakin and Chereponikov who made a 
five years study of highly penetrating radiations of terrestrial 
origin in relation to the geology of known oil fields. It is 
claimed that gamma rays, harder than those from Rae, were measured, 
their source being diffused in the upper strata of' the soil. It is 
also claimed that the radiation was stronger directly over oil 
deposits. The authors ascrioo the result to oil beds being richer 
in radioactive elements than the clay layers which enclose them. 
Ellaworth concludes that -

11 If' the results obtained by the authors are f'ound to apply 
gene:t>ally it would appear that another very valuable geo­
physical aid to prospecting, particularly for radium and f'or 
pet:t>oleum, has been.discovered." 

Recent work by R.M. Tripp3 has confirmed that the soil 
overlying oil reservoirs may heve a high concentration of the 
radioactive gases radon~ actinon and thoron and their disintegration 
products but he ascribes this to t'.".B eff'ect of gaseous hydrocarbons 
migrating upwards from the reservoir and bringing the radioactive 
gases with them; the sources of the radioactive gases being the 
sedimentary rocks overlying the reservoir. It is only the upward 
migration of the hydroc.s:t>bon gases that hos produced the observed 
concentrations in the soil. The sedimentary rocks of' the :Clanks 
of the oil· reservoir would presumably contain a radioacti·;ve content 
comparable with those immediately above the reservoir but there 
vould be no c0;"'0'''"~·.,-..,,· 1·.'ll by migrating hydrocarbon gas of raton, · 

·etc. in the surface soil. 

Lord, c.s. Mineral Industr.ies of the Northwest Territories, Departm ,nt 
of' Mines, Ottawa, Cannca, Geol. Sur. Memoir 230 (1941). 

Ellsworth, H. V. Rare-element Minerals of' ca11ada, Econ, Geol. Series. 
No. 11 Depto Mines, Ottawa, Canada (1932) 0 . 

Tripp, R.M. Measurement of' Soil-.;\ir Ions over the Fort Collins 
.Anticline. Geophysics Vol.X, No.,2, 11pril 1945 0 
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Heiland4 refers to work done under-gN)U....'l')d_by-·-V-on-.. de.m 
Borne5 ·and Behou.nek0 to locate._ p1.tchhlende seams, and stotos---t-b.Q:t 

"it is likely that measurements have been made at the surface 
for the same purpose in the Belgium Congo and in canadn, 
although def'inite reports hove not been published. 11 

Radioactivity surveys f'or purposes other 1han the location 
.of' uranium minerals have been numerous, and Ambronn deals at len~th 
with various soml surveys in which the activity (mainly olpho rny) 
of' the soil gas, containing radon, was measured<) Soil gas activity 
has been used to locate faults, fissures cont2cts and some types of 
mineral veins. The highly penetrating (gam~a) rodiation from these 
features, however, has been found b¥ Ambronn to be small relative 
to their alpha rsdiation. Heiland states that -

"anomalies caused by local concentr.ation of' radioactive 
products (faults and the like) may exceed those due to 
radioactive ores." 

In view of 'hmbronn's f'indings, stated above, this state­
ment is probably only true of alphe or total radiation. as mensured 
by an ionization g?uge. Nevertheless it is a factor which must be 
borne in mind when interpreting the results of s radiation survey. 

Another factor of importance might be called the depth 
factor. .As mentioned in the preceding section of this report the 
radiation from radioactive substances are absorbed by solid matter. 
There is a depth of soil or rock which will be sufficient to reduce 
even the most penetrating rays, i~e. the gamma rays, to negligible 
intensity, and any concentration of' radioactive minerals, however 
large, below this depth cannot be detected c.t the surface by means 
of' its"radiation. The gamma rays f'rom radium are reduced by one 
half by passing through 1.4 cm. of load, but it is claimed by Rosel 

·that they can be detected through 15 inches of lead. rt is 
considered unlikely that any uranium minerals below o depth of 
thr~e feet contribute a significant portion of the total radiation 
measured in the surveys to be described; and the effects are 
regarded os purely surf'ace effects. 

(ll) E,~timation of' Uranium in Samples -

Some of the factors that influence the problem of' estimating 
uranium content of mine samples have been .described above. Of these 
the main ones a re -

( i) 

(ii) 

The ages of' the uranium minerals insofar as they aff'ect 
radionct~ve equilibrium. 
The nmou:-:<; of' thorium, if' any, which might be in the 
samples. Gamma radiation f'rom members of the thorium 
series is practically indistinguishable from that from 
the uranium series. 

To these might be added such factors os the density of' the 
sample tested, and other factors, (such as statistical fluctuations 
in the intensity of the radiation and method of' screening) inherent 
in the method used or introduced by the tcchnirF'O adopted. These 
will be discu~sed in Section VT of tnis report which deals exclusively 
with the estimation of uranium content by measuring the radiation 
f'r om samples• 

"¥. He!fand, Dr. C.A. Geophysical Exploration. PrentL: Hall Inc. N. Y.1940. 
5. Borne von dem, Habilitationsschrift (Beslau) (1905)~ 
6. Behounek, F. Phys. Zeit, 28, 333-342 (1927). - . 
7. Ambronn, Dr. R., Elements· of Geophysics, McGraw-Hill Book Co.Inc.(1928). 
e. Ambronn, op. cit. 
9. Hei1and, op. cit. 

1. Rose, R.B. op. cit. 
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B. The Instruments Used. 

Four separate instruments which, £0~ the purpose of 
description, may be called models 1, 2, 3 and 4, were used ct 
Mount Pointer. -

The first of.these (Model 1) was constructed in the work­
shops of tho Physics Deportment, Adelaide University, by J. Symons 
and R.F. Thyer. The former wos mofuber of the Physics Staff whoso 
services wore mode ovnilnblo through the kind co-oporntion of 
Professor Kerr Grant and Dr. Burdono The instrument is a portable 
Geiger-Muller rodintion counter incorporating o fre~uoncy meter. 
The Geiger-Muller tube is mounted in a stif'f cardboard cylinder end 
is coupled to the rest of the circuit by a flexible coble about 
25 feet l.ongo The electPicol impulses from tho Geigcr':'"Muller tube 
ore fed ~nto o tank· circuit comprising D bank of condensers (20 
microf'2rnds) which discharges through o leak resistance of 5 megohms. 
Tho voltage on the condensers, and the lecl<::1:1ge current through the 
resistance, reached a more or loss steady value depending on the rate 
at which tho impulses are received, i.e. on the amount of roaiation 
passing through the tube in e given time.. The voltage drop over 
portion of the leak resistance is used to bias the output tuba whoso 
plete current is used as on indication of the average rate of 
radiation impulses. 

Time did not permit of a thorough testing of' tho instrument 
prior to field oporotions with a result thot several fault developed 
and reduced the accuracy of tho results. It was found thot the 
characteristics of the valves used ~n the circuit were not constant­
looding to uncontrollable changes in output current not associated 
VJith chongcs in impulse r3te. In8C1dition tho output meter· showed n 
zero drift which made correction of the readings difficult and, in 
some.way, unsotisfElctory. Tho instrument was not readily portable 
in rough terrain such ao is characteristic of the Mount Pointer nrec. 
It .wns __ used during August/September 1944 for r8diotion surveys of' 
1
.
18,nilor Greenwood" ond. 11 Bentley Grocnwood11 deposits at Eo.st Pointer 
on~ o.p ~he No~6 workinss ot Mount Painter. · 

The circuit. of the above in~trument was modified sub­
sequently nnd two new instr_umon:ts, one (Model 2) f'or use in f'ield 
surveys and one (Model 3) for assay work, wore built in the Mineral 
Resources Survey's workshop 0t Canberra. Tho circuit used in 
building the lrtttor is given fls Fig. (1) • Tho circuit of the · 
instrument olro~dy described (Model 1) o.nd that of the field model 
(Model 2) differ somewhat in deto.il from Fig. (1), but ore essentially 
the some in principle. 

The assoy instrument (Model 3) whoio circuit is shown, 
comprises three mcin items - the Geiger Muller tube with supporting 
crndle, the amplifier. chassis c nd the meter panel. Vol ti\ge s ore 
obt[\inod f'rom batteries, the high volt.age required for the Gciger­
Muller tube being obtained from 10 oxtr8 light duty 103t v. batteries 
in series with 4 light duty 45 v. batteries, a total of 1215 v. 
Pulses from the Geiger-Muller tube poss through two stages of' 
amplificationo They ore then rectified, and develop a voltage 
across c; 12 microforod condenser with a 2 megohms lead resistor. 
As the voltage across the condenser increases, its rote of dischnrge 
through tho resistor increnscs and eventually 8 stnte of' equilibrium 
is reached when tho rnte of disch~;rge of the condenser is equal to 
the rote of' chGrgingo The voltage then remnins stesdy and is meosurod 
by 2 vacuum tube voltmeter orrongemont, the meter being kept st zero 
reading by o compensating voltage controlled-by a potentiometer with 
o_colibrntod scale. The reeding of the scn1c is token os the 
measure of the Clctivity, o.nd experiment has shown that it is prop­
portional to the count rote. 

Tho field instrument (Model 2) dif'fers from that described 
above in thot the Geiger-Muller tube ahd the valve f'or the fiPst 
stage of e.mplii'icotion CTe mounted in a steel tube end are coupled 
to the remainder of tho .circuit through o f';Loxible cable about 
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35 feet long.. The amplifier chassis, meter panel and amplifier 
batteries are mounted in a wooden cose o.ttoched to a ruck-sr ck 
carrier while tho high voltnge supply (12 x l03~ v. extrn light duty 
bo.tteries) :for the. Goic;or-Muller tube is _mounted in another cnse 
also attached to a carriero 

The performance o:r Models 2 and 3 were considerably better 
than that of Model lo Under test conditions in the workshop they 
appeared to be very stable ss regards sensitivity and reasonably 
inscnsi tive to chonge in voltflge of the various bE<tteries used~ 
However, under field conditions vrhere they were subject to lorgo 
che:ngos in tempcroturc 9 .and, in tho cnse o:r the :field ::._nsc~''-ll['.'-P'G 
subject to rel::' ti vely rough hondling, it \VO s found that their 
sensitivity voried over fctirly wide limits. To overcome the 
difficulties introduced by this variation, a standard torbornite 
~ample sealed in a copper tube, was used to check the ~ensitivity 
at frequent intervals, ond nll readings were then adjusted 
nccordingly.. · 

The instruments, Models 2 and 3, were calibrated for count 
rate Ds indicated by the mochonic8l counter. J;s designed, the 
instruments are capable of registering count-rotes up to 2,000 per 
minute, the normal count-rote being of the order of 200 per minute. 

The field equipment (Model 2) was u~ed in surveys of rireas 
in the vicinity of' Greenwood's Camp, East Painter, during Novomber­
Decomber, 1944~ Owing to the limited size of the orens of high 
rndiotion values it was found ndvisflble. to moke determinations ot 
intervals of oboui 10 feet over a considerable ~ortion of the area. 
Numerous factors combined to make this work slow and tedious, ond it 
was recommended that o light weight unit, fitted with headphones, be 
built with tho object of rapidly locoting the areas o:r high radiation 
(over which~tailed and ~uantitative work would subsequently be done~ 
and elimincting such work over orec:s w·hero the rodiotion ; :J 1101'mol. 
When it is realised that over 70 per cent o:r the readings ~aken on 
the Greenwood Cc-:mp area with Model 2 were normal, and required just 
as much time to determine as high readings, the need for such a 
reconnaiss2nce unit will be appreciated. 

J,n instrument (Model 4) along the lines suggested was mnde 
by :Mr. Dooley in Janum"y, 1945. ·It is a modification of a 111·,,:'.ol 
described by R.B. Tn:f'tol The h~ch voltage (1280 v) is obtained from 
a Ford coil driven by two li v~ torch cells in series~ and :reeding 
a rectifier circuit~ Only one stage of amplification is necessary 
to render the pulses audible in the phones. The amplifier valve is 
biassed beyond cut-off to eliminate variations in tho voltage supply 
due to insuff'ic icnt filtering, the pulses from the Geiger.;.,Muller tube 
being lsrge enough to be amplified when the interference is cut out. 
A circuit diagram is shown in Fig. (2)~ The whole equipment is 
built into El box 15tt x 9 11 x 8 11 and can be operated by one man" 
Harness is provided for carrying the equipmcmt on the chest of the 
operator. 

The Geiger Muller tubes used in each of the Mode"ls 
described wore made available to the Mineral Resources by P1~ofessor 
Kerr Grant whose assistance in this and other respects ' has been 
acknowledged elsewhere. · 

V •. FIELD SURVEYS. 

A. Procedur~. 

The pr~cedure generally adopted in the :field surveys was to 
place the Geiger-Muller tube (which was protected by an outer casing) 
on the surface of the ground at an observation point, and the 
activity was then read from the frequency meter. The observation 
points were closely spaced and were either on pegged traverses or 

1. Taf't, RoB. TvVO--small portable Geiger-Muller Counters. Revo Scio 
Inst. Vole 11, Noo 2 (1940)0 



-ll-

were surveyed at the time of ree.ding by means of a plane te ble and 
alidade. The latter method proved most satisfactory 2nd was most 
generally used. 

The procedure of· placing the cased tube directly on the 
surface might at first sight appear obj~cti6nable on the grounds that 
smetll fl::::kcs of uranium minercls- mi.:;ht thus be pl21ced in otontact with 
it ana by virtue of their close proximity give disproportionately 
high reedings. Tests were made with the tube held at different 
heights of from 0 to 4 feet above the surfece 9 and in nearly every 
ccse it was found that readings in contact with the ground bore a 
constant-ratio to the readings ot 4 feet. The only exceptions were 
where some of the tests for variation with height were made on mine 
dumps on which relatively large amounts of uranium mineral~ were 
exposed. The readings were found to be abnormally high and beyond 
the range 0~ the instruments whether the tube w2s placed on the ground 
or at 4 feet. · 

In the survey of 11 Smiler Greenwood" and "Bentley Greem-vood 11 

deposits at East Painter, and the No.6 workings at Mount Painter, 
Model 1 instrument was used. It wo.s re~lised esrly in· the sux·vey 
that the sensitivity of the instrument, as indicated by the frequency 
meter reading :for the normal count rate, was variable. · A check was 
kept on the behaviour of the instrument by ma lcing frequent 11 repeat" 
readings at a number of base ststions. 

Model 2 instrument, used for surveying the Greenwood's 
Csnp oroa,was also subject to slovr changes in sensitivity, due to 
changes in voltage (caused in psrt by changes in temperature) of the 
batteries usod. This could not be eliminated, but a strict control 
was maintained by makinguse of a standard torbernite sample which 
was used to determine the instrument's sensitivity at frequent 
intervals. In each survey, the intensity of the radietion as 
indico.ted by the appropriate meter reading was reduced to the 
corresponding reading for a standard instrument sensitivity, and 
radiation contour plans were prepared. These will be discussed in 
detail in subsequent sections of this report, which deals with 
surveys of the individual areas. 

In addition to the general procedure outlined above there 
are special techniques which varied with the individual areas and 
which will be described later in this report. 

lb.._ Results of the Field surveys. 

The results of the radiation surveys are given in the 
form of contour plans on plates l,2,3,5 and 6. The contours are 
super-imposed on the surface geological plans for the pu::.."poses of 
correlation. 

Two different units are used for the contour intervals 
due to different instruments being used. The radiation contours 
of' the areas around "Smiler Greenwood", 11 Bentley Greenwood", and 
No.6 deposits are comparable with one another and were determined 
with Model 1 instrument. Likewise the contours on radiation plsns 
for various parts of the Greenwood's Camp area a~e comparable with 
one another, but are not comparable as regards magnitude with those 
of the three areas referred to above. 

The i·esults of the individuol surveys are discussed in 
detail below under the appropriate headings and the locality plan, 
Fig. 3, shows the position of the nrea relative to each other and 
to the Mount Painter district ~s a whole~ 
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(1) The 11 Srn_~ler Groenwood11 J>:r.::oa, E8st Pointer. 

The 11 Srniler Greenw<::Jod 11 area is approxirnotcly ltr miles north 
of Mount Pc.i11ter, and ·its position r0lo.tive to the other uranium 
occurrences is shown on the locality plan. Torbernite was first 
discovered by ~-~.G. Greenwood in en extensivo crushed zone, :forming 
the summit of s ridge • 

The geology of the area io described in a report by 
C.J. Sullivonl and only sich fcc:.turos of the geology r::.s are essential 
to the proper undorstondins of tho r·:Jdic.tion survey results will be 
given hero. Quoting f'T·om Sullivan's repm•t 

11 11 mass of porphyritic grc.nite trending roughly north end south 
and dip~ine at 20 to 35 degrees to the wost overlies a series 
of sedimontsry ond metamorphic r•ocks.--Closc to the contact 
bet'irnon the two groups of rocks the granite has been crushed 
.snd brecciated and tho zone.of brecciotion forms one the main 
loci of ore deposition.-- The contact is a folded one and the 
maximum· crushing tckes plocc 2t the crests of sm2,ll c,nticlines. 
In plac&s there is a cap)ing (?) of hcmctite with some 
manganese dioxide. Trscos of torbernite have be~n found 
nssoci2.tcd vvith tho homctitc r"nd mone;enese. Other important 
fc;,-,tures are the shear zones. The two main ones have lengths 
of 180 2nd 100 foct respectively and would average 10 feet in 
width. They consist of relstively soft material derived from 
the oltcro.tion of the porphyry." 

a •. Results. 

· The accomp2nyi11g plan, plate 1, shows lines of equal 
ground rc,dic.tion as rneo.surod by the Geiger-Muller instrument (Model 1) 
ond it cnay be cz,lled a 1 radi2tion contour' plEln. 'L'hc contours are 
super-imposed on tho surface i:i;eology (a1'ter Sullivan) for the purpose 
of comparison. 

The thI'ee most important features in tho radiation survey 
results o.rc -

( i) 

(ii) 

(iii) 

A general zone of high radiation values coincides with 
the outcrop of the crushed zone. 

Srnoll z::i1es of' higher• rodiction values were obtained over 
the prominent hematite outcrops, a feature common to all 
the are&s surveyed. · 

small zones of values higher than those in ( i) and (ii) 
wero obtained along the two shear zones at the southern 
end of the area covered oy the survey, suggesting the 
concentration of radioactive minerals within the shear 
zones. 

The dense hema ti tc which occurs in this and similar 
crushed zones in the Mount Pointer district a~posrs to be reletively 
highly radioactive although in many pl2ces no obvious uranium 
minerals are visible in it. The reason for this has been discussed 
in detail earlier in this reportl whe11 e it wz:.s shown thot the most 
likely explanation is that tho activity is due to di_sinteg1•otion 
products of uranium, the original .uranium hsving been leached from 
the outcrops. 

An interesting feature of the radiotion results wos the 
close correlation betweon the very high z·one.s in the l'S!dietion 
contours and occu11 i-'onces of uranium rninc:rols. Some of those very 
high zones coincided wi tb. places where traces of t orberni te or 
urnnopb.8ne h:.::td previously been discovered. In one ·or two cases, 
however, there were no uranium mins:eals obvious o.t the immediate 
surfocc but when small holes were dug with s geological pick, · 

-----r;- Sullivan, C. J. 9 Es st P8 inter - 11 Smiler G:r•6Giiw6Qd'IT" working. - elsewhere 
this Bulletin. 

l~ Page 6 of th:i.s report. 
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t orberni te or ura nophanc was unearthed e. t tho points Hhero the 
high rr.diGtion figure ho.d sug,:sestod thoir p1"esenco. This correlction 
suggested thnt all tho very high radiE",tion zones should be thorouhgly 
examined by shallow pitting. This testing should reveal tho extent 
of' the uranium mineralisation which~ it seems likely, is responsible 
for those high ~eedings • 

It hos been stated earlier in this report end is again 
emphasised here, thEit the effect being measured is coming from 
materi3l at fl depth not greater than tvro or three feet. ;i 
concentration of uran~um minerals Gt thisshallowdepth does not 
nece sarily indicate concentration at a greater de')1llth. 

On the other hand, if Stillwell's theory2 that the 
concentrations of secondary uranium minerals wore brought about not 
by supergene waters but from epithermal solutions, then the occurrence 
of concentrations of torbernite etc. at the surface could be an 
accident of erosion and might in fact be the cap of a uranium deposit. 

b. Testing • 

. Sullivan3 recommended testing at twelve places. The 
selection wss governed by 

lrnov-rn occurrences of' uranium minerals 
the geology, and 
the occurrence of the r8diation highs. 

The recommended sites are sh01rrn on the ace ompanying plan. (plate l) 

Some of the testing recommended by Sullivan was carried 
out. Shallow pits were dug at test sites 2 and 3 and a shaft was 
sunlt on site. 4. These test· sites co.incide with places where high 
radiation values were recorded. 

The pi ts (sites 2 and 3) disclosed very irreguler, low 
grade occur11 ence of torbernite. The shaf't at site 4 was 13.5 feet 
deep, and one sample taken at e. depth of. 12 f'eet gave no. uranium on 
assay. 

(ii) The 11 Bentley Greenwood" .i-\rea, East Painte:r,. 

Tho "Bentley Greenwood" deposit is in the· East Painter area 
approximately % mile from Greenwood's Camo and about lz _miles north 
of Mount Painter~ Its position relative to the other areas is 
shown on the locality plan. · .;.I. l"adiation survey was made of' an area 
npproximately 500 feet by 200 f'cet which included the mine workings. 

The geology of' the area is the subject of' a report by 
C.J. Sullivanl and it is proposed to outline here only such features 
of the geology as have a bearing on the geophysical res~lts. 

The rocks of' the are~, mostly granitic types, contain 
masses which are relatively coarse grained and of'tcn highly fels­
pathic. These masses m~y be dykes, but their boundari0s are 
indef'inite; or they may be merely segrecstions in the granite. 
The rocks have a general east-west grain and are to some extent 
arranged in band in this direction. Some sheering has occurred, 
the shears following the east-west trend of' the rock grain. The 
shears dip south a~ about 600 to 70°. Secondary concentration of 
uranium minerals has occurred to a limited extent in the most 
pronounced of these shears. It marks the northern limit· ot a mass 
of dense hematite of limited thickness which covers an area 
approximately 140 feet long b7 15 to 35 feet wide. 

l. Sullivan, O.J: East Painter "Bentley Greenwood11 working, elsewhere in 
this Bulletin. 

2e Stillwell, Dr. F.L. and Edward:a1 Dr. A.B. Uranium Minerals from Mount 
Painter. This Bulletin p. 23. 

3. Sullivan, C.J., op. cit. 
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Thickness of the ho~atite is only 2 or 3 feet where .it is 
exposed in an open cut at its western end., In this open cut the 
hematite is resting on a rolatively uncrushed and highly f'elspcthic 
rock which contains some torbernite in cavities totally enclosed in 
the rock. 

There is no pronounced crushed zone associated with this 
deposit as is the case in the 11 Smiler Greenwood" and No. 6 deposits, 
but there is a small development of crushed ma terisl associated with 
the shearso 

a. Results .. 

The instrument used for the survey ·,;: s Model 1, and the 
results of' the survey are given in the form ot' "' T'adiation contour 
plan, plate 2., which also shows the surface ge c::_o.:::;;r ( a:fte:r Sullivan)• 

The contours show a general tomdoncy to f'olloN the main 
shear zone end ironstone outcrop., In the centre of the ar•ea, 
hm7evcr, the contours show an enlargement ·of the high zone to the 
south of, and dorm hill f'rom~ the m2in shear., There are two 
possible explanations for this enlargemente The high radiation 
vnlues may bo due to the presence on the surface of uranium-bearing 
material shed from the vicin:Lty of the ironstone outcrop or the moin 
shear., or socondly the enla.rgement of the high r odi2,tion zone me:y 
truly represent conditions existing in the :roclrn insof'ar es it might 
be due to o segregation in the igneous rockri of a uranium-rich mass 
similar to the highly felspathic rock in the open cut. 

Tho most easterly of the two highest radiation zones 
appears to bo due to the presence of uranium rich material in the 
dumps and lying on tho 8t~xf'ace near the eastern tunnel, and con­
sequently be2rs no relation to the geology& A small zone of 
radiation highs coincides with the main shear near its eastern end. 
Ji. small amount of surf'ace prospecting may bo warranted in this pc,rt 
of the shear to reveal the extent of the uranium mineralisation 
which it is believed is responsible for the highs,, 

One other :feature of interest in tho contours is the 
relatively hiGh zone of narrow width i;vhich occupies the northwo stern 
corner of' the area., The surface in the vie ini ty of this zone is 
covered by talus, and no geological feature was mapped which could be 
associated with tho high valueso As the zone cif high values has an 
east-west str-ilrn, ioe., the strike of tho grain in· the country rocks, 
and also of' the shears, it is probable that the r>adiation highs 
correspond to a slightly sheared .or crushed zone. Radiation figures 
obtained over the zone were not very high and it is not considered 
likely that any apprecie.ble accumulation of uranium minerals would 
be found along it. 

b. T_~sting., 

Three test pi ts were. dug to test the southern en'largement 
of the radiation co~tou? patterno Their position relative to the 
radiation contours is shown on the accompanying plan (plate 2). 
They all encounterad granitic rock with no sign of uranium mineral­
isation and it may be concluded that the :first of the explanntions 
off'ered above the the southerly enlargement of tho contour pattern 
is the correct one, namely, that it is due to radioactive.material 
shed f'rom the vicinity of' the ironstone outcrop or the main shear 
zone. 

.{JJ.J.l .... J'I.9-,<?_q_p~_p_o..§.LLU'f or ki~11Q.~_l} t _L~A_nter • 

The workings on the No.6 deposit a~e the principal ones 
in tho Mount Paintot district, and practically the entire output of 
uranium ore in the past cnme from them.. Theh' position relative 
to t.he other uranium deposits is shown on the J.ocality plan. 
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A radiation survey was made of an area of' approximately 
600' by l50t in the vicinity of, and the north of, the No.6 
workings. It embraced the c~ushed and ironstone zones with which 
the ore shoot is associated. · 

The geology of' this area is the subject of a l"'eport by 
E. Broadhurstl, and only such features of the geology as have a 
direct bearing on the radiation survey results will be gi.ven here. 
'rhe f'ollowing notes ·on the geology are talrnn from Broadhurst' s report. 

. ·The predominant rock types in the immediate vicinity of 
the ore deposit are banded gneisses which near the ore deposit have 
been silicified. A prominent feature of the are? is a brecciated 
zone which occupied a high ridge running approximately north and 
south. Brecciation is confined to the silicified gneiss. Under­
ground the breccia consists of angular quartzite-like f'ragments in a· 
matrix consisting largely of hematite and felspar with the felspar 
often almost completely kaolinised. On the surface the breccia has 
been converted into dense hematite. 

The ore.shoot occurs at the southern end of the 
brecciated zone which extends from here for over 200 1 to the north. 

At the southern end· of the breccia near the lode outcrop 
numerous fault plapes occur. These all strike east-west and dip at 
various angles from 30° to 750 to the south 7 and have horizontal 
slickensides. 

The lode occurs on a pronounced east-west wall which can 
be seen in the open cut and at the 50' level. Considerable move­
ment has taken place about this wall and the distortion and fracture 
which has resulted f'rom the movement is closely associated with ·the 
localisation of the 01:-e body. The fault planes which can be seen 
at the surface at the south end of the brecciated zone are believed 
to repi-•esent the upi.vard continuation of the lode wall where it ceases 
to be a pronounced wall and has split into several planes. 

About 300' to the north of the onen cut there is an isolated 
outcrop of hematite with some coarse breed.a. A fault piane, 
similar to those associated with the lode wall, is exposed in a 
trench which intersects the outcrop. 

The results of the survey are shown in the form o:f 
radiation contour plan, plate 3, which also shows the surf'ace 
geology (after Broadhurst). 

The instrument used was Model 1 which has been described 
in an earlier section of this report. 

The surface of the area in the vicinity of the open cut 
and mine workings is covered by dumps and loose material from the 
mine worlcings. This material contains :flakes of torbernite and 
autunite and in consequence the radiation figures recorded were the 
maximum readable on the instrument. Such readings obviously bore 
no relationship to the normal radiation of the rocks underlying 
the loose material and :for this reason the contours are omitted 
in this part of the areas. 

An outst~nding fc~ture of the radiation results - and 
perhaps the only one .of' note - is the relation botwecn the radiation 
highs and the occurrence of dense hematite. 

-------------------·-------
1. Broadhurst, E. Mount Painter, No. 6 workings - elsewhere in this 

Bulletin. 



-16-

Wherever dense hematite outcropped, radiation figures 
were high. This was a feature comrnon to all the apeas surveyed, 
abd 9 as mention~d earlier in connection with the results.of the 
11 Smiler Grec:mwood 11 a:r•ea, and in an introductory so ct ion of this 
report, the reason for tho relatively high rad·ioactivity possessed 
by the dense hematite is thought to be the presence of radium in the 
ironstone from which a pI'imary m"anium mineral has been leached. 

The isolated high radiation zone at the northe:c"n end of the 
area coincides with an outcrop of dense hematite. A smaller high 
zone to the e~st of this also coincides with a small hematite 
outcrop. A trench through the fil1 st mentioned hematite outcrop has 
exposed an east-west wa1·1 dipping south. T.he maximum of the 
radiation contour plan occurs some 10 to 15 feet to the south of 
this wall, and it is possible that a wa11 sL1ilar to that described 
above may coincide with the radiation maximum. The ~ssociation of 
high radiation values withthis ironstone together with the known 
presence of an ecst-west wall suggests that this is a place suitable 
for testing. Mr,, Broadhurst has recommended such testing on 
geological grounds alone, but the geophysical results lend weight 
to the recommendation. 

Two other radiation highs occur within the brecciated · 
zone between the 'northern high zone previously discussed and the 
No.6 workings. - These high zones coincide with outcrops of dense 
hematite but it cannot be claimed that the coincidence proves any­
thing beyond the relative high radioactivity of the dense hematite. 

In tho absence of any features in the radiation results 
to suggest· the presence of e3st-west cross fre-cturcs such as have 
localised the No.6 ore shoot, and in the absence of geological 
evidence of their existence, no recommendations for testing th6se 
high radiation zones are justified. 

b. Testin_g •• 

A shaft was sunl{ at the northern end of the area at the 
site of the trench mentioned above. This appeared to be a favour­
able place for testing owing to the coincidence of a radiation high 
with an ironstone outcrop showing a well defined shear plane. 

The shaft passed out of ironstone into granitic gneiss at 
a very shs. llmv depth, but the shear was followed~ on the incline, to 
a depth of lBi feet, the shear being still present at this depth 
but indefinite. The shaft expos~d no uranium minerals nor anything 
resembling lode matter • 

.As far as is known no surface prospecting was done at the 
place 10 to 15 feet south of the shaft where the radiation measured 
was a maximum for the northern part of the No.6 area. 

(iv) ;inast Painte:r___(g.J'.'eeuwood} .c~~Sl~.ast Paint5U:• 

Greenwood' s camp area is situated ap~roximately i mile 
east-northeast of the East Painter camp (site of Greenwood's old 
camp) at the junction of Hcighty Creek and an unnamed creek along 
which runs the camel pad to the Mount Painter divide. Its position 
relative to other uranium deposits is shown on the locality plan. 
Geologists C.J. Sullivan and D.E. Gardner made a reconnaissance 
survey of the area during which they discovered several small 
torbernite occurrences. These were subsequently opened up by 
potholes or shallow shafts and. are known as tho Nos. 1 and 2 
prospects. At a later stage an adit vvas driven :for 50 feet under 
the No. 1 prospect. 

The area was la tor mapped in more detail by E. Broadhurst 
and K. Llewellyn, and durine; tho course of their examination 
Llewellyn discovered what is now known as the No.5 prospect. 
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As a result of' his examination Broadhurst recommended that a 
Geiger-Muller radiation survey should be 'made of those parts of 
the area which he considered most likely to contain torbernite or 
other uranium minerals. The survey under i->· view was carried out 
as a result of this recommendation. 

a. Geology of the Area. 

The following not~s on tho geology arc based· mainly on 
reports by E. Broadhurst 1, .. 

This area is one of' rugged topography with sharp ridges 
and spurs rising to 400 feet or more above creek level. Screo­
covered slopes of 30° and over are a common feature of the area, 
and outcrops are mainly confined to tho ridges and spurs or to slopes 
too steep for the accumulation of scree. 

According to Broadhurst the rocks of this area consists or 
sedimentary gneisses and their brecciated and granitised remnants. 
Selective brecciation seems to have occurred insof~r as certain beds, 
or groups of bods, have yielded more easily than others to 
brecciationa He states that -

11 the breccia shows all stages of' replacement by hematite, f'rom 
practically hems ti te-f'ree bre.ccia to rock consisting almost 
entirely of' hematitee The occurrence of hematite is very 
irregular, and breccia rich in hematite seems to occur in 
scattered disconnected areas. 11 

As vrill be shown later the areas rich in hematite were found to be 
generally the most r>adioactive--a feature common to all the areas 
surveyed by the radiation method. 

In places the brecciated zones are intersected by shears 
and, owing to the softer natur•e of the sheared material, 1,yide cracks 
or srne.11 gullies running through the ridges occur along the shears. 
These shears which seem to fall into groups (1'TN - SE and :NE - SW) 
h.:we been mapped only wb.ex•e they intersect the outcrops but f'rom 
their positions on the plan it is possible that many of' them inter­
sect beneath the scree and soil surrounding the outcrops. Such 
intersections are regarded by Broadhurst as places most f'avourable 
f'or the accumulation or occurrence of uranium minerals, and the. 
survey under x•eview was designed in part to study the radiation 
from the shears and their likely intersectionso 

· On one of these shears is a lode (the No.5) which 
contains apprcciabl6 amoubts of torberni·tc. Broadhu:;.~st has 
described it as followso The outcrop of'.this lode is about 20 
f'eet from the main mass of' b1~ecciated rocks on a shear striking a·t 
3250. The shear showed at the surface as a wall of· hematite rock 
with a shear wall showinc on the eastern sideo 

The lode has been developed by a shaft 40 f'eet deep and a 
drive at the <±Q f'eet level. The shaft and drive were in decomposed 
ironstained granitic material showing occasional quartz veins. 
Little torbernite was seen in the shaft but torbcrnite was 
encountered in the drive mostly associated with shears nlong which 
clayey ironstone occurred. 

From B~oadhurst's description and from observation by 
one of the writ0rs it was evident. that this torbernite occurrence 
differs f'rom the Noo6 ore shoot in that there is very little 
hematite or manganese associated with it, and the quartz in the lode 
appears to be reef quartz different in occurrence and appearance 
f'rom the epithermal quartz associated with other uranium 
occurrences in the Mount Painter area. Two possible explanations 

l. See page 
2. See p&ge 

elsevih.ei;,-e-T1i this Bulletin .. 
elsewhere in this Bulletin. 
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are offered to account for these differences, namely -

(i) The torbernite has been deposited in and near tho sµear 
from circulating meteoric \"later, the source of'. tho uranium 
being in the breccia which lies rDlativoly close to the 
deposit. · 

(ii) The following possible explanation is based on a discussion 
with P.B. Nye, Assistant Director, Minornl Resourcos Survey, 
who visited the area during the course of'. the survey. He 
suggests that tho quartz may hGVe been introduced under 
hydrothermal conditions, and that the No.5 prospect may, 
in fact, be a primary uranium lode 9 thctorbernite being 
derived f'rom primary uranium minerals by the ordinary 
processes of oxidation. 

Torbernito also occurs at scattered places in the brcccia 
where it is gene:eally, if not invariably, associated with hematite. 
In a number of such places the torbernite hss been leached f'rom the 
outcropping rocks and on~y cavities 6ontaining a white mineral 9 
believed to be derived from the ·torbernite, remain. These leached 
outcrops a;'.'o , however, radiooctive. and it is believed that in the 
leaching process insoluble radioactive salts, such as.those of 
ionium and radium, may remain in the cavities. 

About ten of' these leached outcrops have been opened up 
by pot holes and revealed increasing guantities of torbernitcs at 
depth. T\70 such places a re known as tho Nos. 1 and 2 prospects 
and are thus indicated on the accompanying plane The torbernite 
bodies revealed by this surf'2.ce prospecting have an areal extc1'lt 
of only a few square yards, and they occur at intervals within the 
brecciated zone. · 

Ono of the objects .of the Geiger-Muller survey was to 
determine whether or not these torbernite bodies occurred in any 
regular fashion and to delimit the area of breccia containing each 
body. Such information was of importance in laying out a programme 
for testing their ore potentialities at depth. 

The principal object of the survey, however, wns that of 
prospecting alDng, and in the vicinity of', the known shears partic­
ularly with respect to those places where shears might intersect. 

b. Results. 

The results of the radiation survey a1~0 shown in the form 
of contour plans, plate 5 6, which also shows some of the surface 
geology (after Broadhurst~. The instrument used for the radiation 
measurements was the portable Geiger-Muller radiation contour. 
Model 2, which incorporated a frequency meter for measuring the 
rate at which the gamma rays cut the Geiger-Muller tube. 

The normal counting rate for the Gr0enwood' s camp area. 
was :found to be equivalent to 2 units on the frequency meter, 
corresponding to a frequency of approximately 200 impulses per 
minute. Readings as high as 20 units were measured, this frequency 
being ap~roximately 2,000 u~pulses per minute. In a few isolated 
ooaes, lfor instance over the outcrop of' No.5 lode which contained 
visible quantities of torbernite), the frequency readings were 
considerably higher than 20 units, but the exact value could not 
be determined as the readings were beyond the range of the 
instrument. 

DUring the survey it was f'ound that many of the radiation 
high spots were extremely local in occurrence and consequently 
observation points in such areas were spaced at intervals of 
5 ~eet and less. The average spacing of the observation points, 
however, was or the order or 10 feet. 
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Most of the small areas ov~r which high radiation was 
measured wore on rock outc::eons and the effects meesured were 
evidently due to radioactive-minerals within the rook itself'. 
However, as much of the work was done on s cree-coverod slopes, it is 
of' importance at this stage to examine the probability of discovery 
by these means of any torbernito rich zones which might be covered 
by such material. 

In the first place it should be clearly understood that 
th0 nEcturo of' the radii::<tio:.1 rneG.sured, n2mely gamma l'ays, is such 
that about two or three f'e et of solid roc 1:: is sufficient to reduce 
their intensity to practically zero. In other words the gamma ray 
effect measured at the surfG.ce has its o:eigin within two _011 three 
feet of that su11f'ace in the c.::.sEJ of' l"ocks c:nd pcrha;;is so .. 10w:1e.t 
greater depth in the case of soil or scree material. 

In the case of soil or scree however, there is the poss­
ibility that material shed :from a uranium-rich zone may be close to 
the surface although the zone itself might be covered by a few feet 
of scree or soil. Thls is particularly true of steep slopes covered 
by soil or scree, such as wei..,e common ii1 the Greenwood's camp area. 
Support is given to some extent by the results o§tained near the 
No.5 prospect. This prospect or lode occurs in a shear which out­
crops ouly in one or two places. An examination of the radiation 
contours shows a closure of high radiation values along the stril;:e 
of the lode. The contour lines for lower r&diation values, viz. 
for 3, 4 and 5 uni ts~ show a marlrnd tendency to depEn1 t :from the 
strike of the lode end in :fact have an attenuation downhill from the 
lode outcrop in a direction at right s.ngles to· the ground contour 
lines, a few of which are shown on plate 5 in order to illustr•ate 
this point. This fact is taken as evidence that the radiation 
represented by observations between the 3 and 5 contour lines is 
coming from radioactive material shed from the lode. It is quite 
probable that had the No.5 prospect been entirely covered by scree 
its presence could have been detected by virtue of' the radio-active 
material in the scree above 1 .and downhill from it. 

It is possible, however, to visualise conditions whereby 
a radioactive lode and the material shod from it was later completely 
covered by three or more f'eet of' non-active material in which case no 
radiation ef'f'ect f'rom it could be. detected at the surface. 

For the purpose of describing the results~ the ground 
covered by the radiation survey has been divided into three areas 
which are separate portions of the Greenwood's Camp erea. These 
are shown on plate 4 in their rclationship to one another and to 
the Greenwood's camp area as a whole. 

Area l is in the vicinity of', and includes, the Nos. 1 
snd 2 prospects. The results of the survey are shown in the form 
or a radiation contour plan (plate 6). Contour values range fro~ 2 
units which might be ta1::en to indicate non-1~adioactive materials, to 
over 10 units. The latter value was obtained over an outcrop 
showing traces of torbernite. 

It was in this area that Sullivan and Gardner discovered 
a number of small torbernitc occurrences. The potholes and shafts 
shown on the plen represent plc.ces v7here these discoveries he.ve been 
opened up. The radiatiob survey conf'irms what the surface pros~ect­
ing has alre&dy suggested, namely, that the radioactive minerals 
occur as small bodies within the breccia., 

Near the No.2 prospect the following charEJcter might 
be read into the contour pattern. In an::: rea of brecciated rock 
about 250 by 40 feet the radiction values, and hence radioactive. 
contents, are higher than normal. Within this ores there are a 
number of' isolated patches of' breccia from which the radiation 
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exc0ed seven uni ts. The majority of such patches ere places where 
to:ebernite, or leached caYities after torbernite, have been found 
and it is reasonable to assume that all such aroas enclosed by the 
7 unit contour line warrsnt prospecting for torbernite. This value 
of seven units has been arrived at from E purely e~pirical relation­
ship between knO"wn torberni te occurre nee s and radiation values but 
it serves as a basis for assessing the possibilities of the high 
'radiation patches found at various places on the area. 

Apart from the general attenuation of the moderately high 
radiation zone in a no:c~theast-southwe st dil'ection there is no regular 
arrangement of the isolated high spots. From their distributio~ and 
the nature of the breccia it is suggested that they are small dis­
connected bodies of torbernitc-rich br>eccia withi11 the main mass of 
breccia. ... 

It is an observed fact that these small torbernite bodies 
are generally, if not invariably, sssociated with occurrences of 
hematite, although hematite occurs elsevvhero in the ares with little 
or no radioactivity. 

Radistion survey results somewhat similar to those 
described for No.2 prospect were ob·cained over and near the No.l 
prospect. Radiation values higher than normal are more restricted 
in occurrence than at the No~2 prospect, but the general discussion 
of results in the latte1" case apply equally well to N_oolo 

Area 2 is that portion of tll.e Grocr:rcvood 1 s Camp area which 
includes the Noo5 prospect and surveys pegs Nous 6 and 9. Its 
position in relation to the Greenwood's camp area as e. vrhole is 
shown in Plate 4. 

The main wrpose in surveying this area was to study 
radiation in the vicinity of the shears, particularly near their 
probable inter-sections. The results of the radiation survey are 
shown in tho form of a radiation contour plan on plate 5e With the 
exception of' the shear on which the Noo5 prospsct is situated, none 
or tho shei:l.rs proved to be radioactive and·, in general, they appear 
to have no influence at all on the distribution of the radioactive 
h.ighs. 

• 
As ?t Area 1, radioactive high spots seem to be confined 

to isolated and disconnected bodies within the main mass of brecciated 
rocks, with the exception, of' course.? of the No,,5 prospect. 

It was an observed fact that many, if not all, of' the high 
spots in the breccia coincided with hematite occu:erences,,' :Further, 
the degree of brecciation as indicated by the sizG of the angular 
:fragments comprising it, seemed to influence the distribution of the 
radioactive highs insofar as these highs wex•e confined to those . 
portions of the outcrop where the rock fragments were smallest.. The 
lnck of activity in the shears is of interesto Many of these shears 
are stained with manganese and iron oxides which might bo taken to 
indicate ·that they were channels through which hematite and uranium 
minerals we~e introduced into the breccia~ Had this been so, 
however, it is difficult to explain the absence of' apprecinble radio­
activity even when measurements were mo.de in d.:i.rect contact with the 
manganese and iron-stained portions of the shc2rs~ The occurrence 
or torbernite in the shear on which the Nom5 lode is situeted and the 
accompanying high radiation values is an e:xcep·b:ion to this general.,,,-
i~ation. In this prospe~t, the torbernite occurs chiefly as platey 
encrustations in cracks and on cle.s.vage s in the rocks.. There appears 
to be l'_ttle, if any, hematite, manganese-staining or epithermal 
quartz in the deposit sue h as_ vrould be expected if' the uranium 
minerals were deposited from epithermal solutions in this shear. 
Two explan&tions are advanced to account f'or the occurrence of 
torbernite without breccia or hematite" Firstly that the torbernite 
in the No.5 lode m£,y have been deposited f1"CJ"i1 circulating meteoric 
water, the source of the uranium beng the scattered bodies of 
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uranium minc:r·als in tho brcccia which lies relatively close to the 
deposit, .and secondly,. that the Noo5 prospect may be a primary 
uranium lode t the torber•ni to being deI' ivod from uranium minerals 
by the ordinary processes of oxidction~ If either of those 
explanations is correct then the occurrence of radioactive minerals 
in this shear would not necessGI'ily constitute an exception to tho 
gonorttl conclusion th2t the shears are not rndio"-•ctive. 

Prospecting the radiooctive highs should be based on the 
premise that ar0as enclosad by the 7 unit contours may contain 
appreciable amounts of ur2nium mincrolso To facilitoto the 
location of such places on the ground, indication pegs have been 
placed in tho positions shown on the I'adiation contour plan. In the 
area under discussion, namely A-.eea 2, tbe indic~tion pegs so placed 
are G.M. 7 to G.M.l2 inclusive., They are case wood pegs approxi-
mately 3 inches wide by 15 inches long and are held in place by 
cairns of stoneso 'rhe appropriCJ.tc number' has been written on each. 

Area 3 lies due south of Arca 2 and includes survey pegs 
Nos. 10 and ll~ Its position relative to Areas 1 ~nd 2 can be seen 
on tho locality plan, plate 4o 

Broadhurst 1 s mapping shows that ironstone outcrops over a 
portion of the area and that two shears cut across the area. The 
recognised association of hematite and radioactive mineralisation led 
to Bro2dhurst&s recommendation f'or a l"adi2,tion su:C'vey of tho area. 

The results of' the r2di8tion survey are shown on plate 5, 
in the form of e. contour pl2,n., As et Arco. 2, tho shears, in general, 
1?1ere not radio2ctive and appoor to have little influence on the contour 
pattern., At tho southvcrestorn end of the main shear, however, neo1., 
survey peg No .. 11~ r2dL~tion veluos Pise to appPoximately 10 units. 
A small s.mount of torbcrnitc 2nd lo,:::.ched cavities a:rter torbernitff 
are visible in tho wall rocks at this pointe 

As f'or Are2 2 the patteI'n of' high re.diction zones is 
irregular. Tho s ssocic.ticb of' these high zones with hc!l1:::"tito 
09currenccs is more m2,rl;:od in this arGS thc1.1 on Aroc::s l and 2, the 
hemati :~e being for tho most part tho massive d:::-:ck vsriety such 2s is 
found in tho outcrop of tho No.6 deposit at Mount Painter. On tho 
other hand, this msssivo hem2tite is not uniformly r2dioactive as an 
examination of' tho contour pottorn cvill show., Portions of' tho 
hematite outcrop as mapp0d by Broc,Jhurst liGs bc:"i:.u0en the 2 unit and 
3 unit contour lines, OI' in other words, it has an activity only 
slightly gI'eater than non-rsdioactivo rocks, 

c. Tcstin~ 

As f'or tho other D reas, testing vvss l,ocommondcd over those 
portions of tho surf'9.co bounded by the 7 unit contour lines. T:;.T­
f'acilitate the loc2tion of such places, indication pegs, numbered 
f'rom G.M. l to G~M. 6: were placed on the a:coa, their positions 
being shown on th0 c011tou1, planr:" plates 5 and 6., 

A limited amount of testing was done as a direct result of 
the redi2tion surveya Tho zones of hi,sh radiation rwre very small 
and irregular and it was obvious th2t, even i~ they were found to 
correspond to uranium occm"I'onbos of grade sufficiently high to 
constitute oI'c, it would be dif':ficult and pcrhn:.:ia uneconomic to mine 
them, As a conscqu0nco of' this the limited msnpo~cr available for 
testing the Gre<:;;"·,rooJ.~ s Cc.~,-,1p 2rca rrns concentl,oted on developing the 
No.5 lode and in driving an adit into the No.l prospect. This test­
ing was bssed mainly on e;ooloc;ical findings but the radiation Pe sul ts 
supported end explained those findings. The only testing which was 
done entirely as a result of' tho radiation survey consisted in the 
:first plece of' knepping the outcrops in tho. vici;:iity of the ihdication 
pegs to rcve?l any torb0rnito pr~scnt. Later, chip samples were 
taken f'Pom the outc~ops near tho pegs. 

:Mr. Broadhurst examined the sites of the indic.::,tion pegs 
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and preprcred geological notes which appear in his rcportl., Tho 
knapping and geological examination ·revealed at some places the 
presence of minor amounts of torberni te, ma inly in don,:10 homati te. 
The chip samples were examined by Professor Kerr-Grant~ vho compared 
their gamma ray activity with that of a standard sample, presumably 
of' Mount Painter ore, assaying o. 09 per cont U30s., Estimated U30 s 
contents are given f'or seven of the twelve samples and range fr•om 
0.14 to o. 018 per cent. The act ivi ties of tho remaining five is 
given as less than 0.1 per cent but wore not 2 ccurately determined. 
The samples were later assayed by T. W. DE"<lvvood with results ranging 
from nil to 0.20 per cent U30s. There is fair agreement between the 
estimated and assa.y U30s contonts. Tho highest assays are 0,,20 ~md 
0.14 per cent for G.M. 10 and G.M. 2 respectively and compare with 
the estimated 0.14 and 0.11 per cent. In five other samples where 
a similar comparison can be made tho estimated U30s contents are 
higher than those found by assay Hhich suggests that some uranium 
may have been leached from them, the radiation measured corning 
principally from unleached radium in them. A tentative programme 
f'or testing them by blasting of'f' the .top two or three feet (ioes 
that part most subject to leaching) was discussed with Broadhurst 
but the need for concentrating manpowder on more favourable prospects 
prevented this programme from~ing put into effecto 

(v) Radium Ridge Area - Mount Painte~c 

A limited amount of work was done over several hematite 
outcrops on, and near, Radium Ridge. The work was of a reconnaiss-
ance nature using the portable te]fphone equipment, .model 4,. and 
estimations of' redi2ction jntensities vrere made au:eally" 

The normal count-rate of the Geiger-Muller tube used vra s 
about 240 pulses per minute. When the count-rate rose to about 
three times this value, it was practically impossible to distinguish 
any further increase, as an almost continuous series o~ clicks could 
be heard from the he2d·phones. Tb.us while a general area of' high 
activity could be located, it was impossible to locate a maximum 
within the area, or to compare activities of' dif'~cro:.;t high areas .. 
If' a Geiger-Muller tube with a normal count-rete of' say 15 to 20 
pulses per minute were used, the instrument would be of' more generai 
use, a_nd might el·iminate the need for a survey by the more detailed 
methods which were used in the surveys previotisly de sc:C'ibed.,. 

Areas where high radiation was detected are shaded on an 
accompanying loaclity plan,. Fig~ 3. 

High activity was conf'ined to the hematite outc1,0Ps.v more 
particularly where the hematite was m2nganiferou80 Tr>averses over 
some non-ironstone outcrops showed no detectable change in activity 
from that of' the surrounding areas. 

The work rro.s done in conjunction with Mro Co S;,1rigg, 
geologist who knapped over the hematite which gave high radiation 
but could f'ind no visible torbernite or other ur2nium minerals 
to account for the radiation observed. 

YI. DETERMINATION OF_ URANIUM CONTENT_;e.:~L.J~(ADJ.AT.~QJJ 
MEASUREiVJENTS. 

A, INTRODUCTION. 

The work described hereunder was carried out 2t Mount 
Pa inter during February and March, 1945. A le.r,ge proportion of the 
mine samples assayed prior to the commencement of this wor}~ had been 
round to contain little if any uranium. A request was made therefore 
by the Director of- Mines,, South Australia, the t a-..1 app:c·oxit11a te deter­
mination of' ~ranium content, ba~ed on radiation measurementsp should 
be made of mine samples at Mount Painter with a view to eliminating 
chemical assay work on very low grade samples. 

1. Broadhurst, E., East· Painter, elsewhere in this i:;epo1::f~-· 
2 • Kerr-Grant, P1~or. Communic2t ion to Director of' Mines, Adelaide,, 
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Some preliminary work was carried .out at CEtnborro by 
J.M. Rayner, Chief Geophysicist, Mineral Resources Survey. Ho made 
radio-activity tests on samples of Mount Paint ore which had b~en 
assayed chemically, and established that; for tho samples tested, 
there was an approximately lineor relation between count-rote and 
uranium content& · 

It was realised at· tho outset that there are serious limit­
ations to tho accurccy of this method of uranium determination, os 
will be discussed below i but no diff'icul ty was anticipated in 
eliminc.ting those samples which contoinod no uro.nium or only traces. 

This report covers work including setting up and ccli­
brating the assay equipment, and testing 100 samples from· tho Mount 
Painter No.6 workings end 12 samples from East Pointer No.la dit. 

B. THEORETICAL CONSIDERATIONS. 

Several difficulties arc encountered in makipg ostimntes o:r 
uranium content bo.sed on rndionctivity measurements. Those prevent 
tho method from being used for occurote assay work, bµt provided due 
precnutions ore tolrnn, approximc.tc estimates con be mode. 

Uranium8S found in nciturnl dep~sits is accomp3nicd by et 
series of rDdio2ctivo disintegrotion products, 0nd rodiooctivity 
me2suromo11ts os m8do in tho present uork represent the gommc ro.y 
.o.ctivity for· all these products. If' the uranium has been in situ nnd 
no member of the series has been removed by le2ching or other causes 
for a period oxceediNg about a million years, the series will have 
rcciched rodiooctivo eguilibPium, 8nd ooch disintegration product will 
be present in a constant proportion. In these circumstances tho 
total rc.diooctivi ty will be p;ror:ort·ianc.l. to tho uranium content. 

It has been shown, however, in an earlier section of this 
report, that uro.nium in tho ore from the No.6 shoot is not in equil­
ibrium with its disintegration products. R.G. Thomos 1

: 7 dotermin­
ation of' the Dverage r2dium uranium ratio was 2 .7 x 10 cge:inst o 
theoroticGl 3.4 x lo-7 for radium and uranium in equilibrium. If, 
however, the ratio found by Thomns ecpplied also to the broccieted 
zone and is uniform throughout the zone 9 and if thorium is either 
absent or. present only in minor 2mounts in the orc,·then there 
would be a linear relationship botw~en tho uranium present in the 
samples from tho brecciated zone ond the gommo-rndiotion rnoosurod 
from them. 

It wc.s pointed out onF'licr in this report that the 
principle source of gnmmo. rsys from the urnnium fomily is the 
trc.nsf'ormotion Ro C to Re C'. Owing to the short. hc.lf life 
periods of the disintegration products between r~dium c.nd Ro C tho 
letter will be in equilibrium with tho rcdium. It follows, there­
fore, that the use of radiation measurements os a moe.ns of deter­
mining ur2nium content of ore samples will be eff'ective only if the 
Ro./U ratio is constant for all smnplcs. Conversely if tho rctio 
between radintion measured and uronium content is constant for e 
number of samples it con be essumcd thet for them the Ro/u ratio is 
constc.nt. 

A set of ten samples from the No.6 deposit,Mount Painter, 
was tested ct Canberra by J.M. Reyner. He found on cpproximate 
linear relation between count-rote and uranium content,so that for 
those scruples, there i_s a rei:tson2bly constant Ro/U ratio. Tho test 
wo s ropeo ted by J .c. Dooley et Mount Painter with seven scmples from 
the No.6 deposit Mount Po.inter (mostly dif'f'erent f'rom those used by 
J.M. Ro.yner and probEtbly not from the No .6 shoot) with simile.r re­
sults. Th0 gr2ph Fig 4 shows thnt with these :;;Gmples (Set No.2) 
there is also an opproxim~tcly linc8r rolntionsbip between gc:1.m1c. · 
rndietion end urenium content nnd hence c relatively constant Rc/rr 
r8tio. The rel[etionship between. gommc. roQ.ic.tion .and uranium content 
was also determined for n set of samples (Sot No.l) which had been 
prepared 
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from a quantity of dean torbernite (probably from the No.G shoot) dil­
uted with crushed quartzite. The graph is shown in Fig. 4. It is a 
straight line indicating a constant Ra/U ratio as would be expeeted 
but the interesting feature of the result is that it indicates that 
the ra·dia ti.on measured for a sample of given u3 o8 content is on the 
average 307'~ less than for a sample or equal U308 content f'rom set No.2. 
If the age of the secondary uranium r.i.inerals in the mine sara.ples (No.2 
set) was the same as in the prepared set (No.l) then it may be assumed 
that the mine samples contain radium in excess of that produced frcm 
the uraniµm they contain. In connection with this problem Mr. Dooley 
carried out a series· o1' absorption tests using three samples, one 1'ror;1 
Set No .1, one from Set No. 2 and one f'rom 'ilmeni tic 1 ore from Ra di um 
Hill. He determined absorption curves by using a series of ten lead 
screens of individual thickness 0.115 inches and his curves are shown 
in Fig. _6. His absorption curves have been compared with theoretical 
curves for the· absorption of .the two hardest components of the gamma 
radiation from the uraniun family namely 1'rom the transforr:iation of 
UX2 and Rae with abso:pption coeff'ic-ients of O. 72 cp. and 0.50 cm. Pb 
respectively. A oomparison of' the observed curves with the theoretica 1 
reveals that their absorption characteristics lie between those of the 
-two gamma rays quoted above .• 

It is estimated that the radiations from the three samples 
examined could be of the form as under -

Sample % U30g 
i--~--~~~-~-~~ 

adium Hill 

Mount Painter 
ore (set No.2) 

Mount Painter 
torbernite sample 

Unknown 

1.44 

% Gamma Rays 
from UX2 

X Gamma Rays 
from Rae 

34· 166 
29 ' 71 

(set Nc.l) .__._!_2_._o~-----~-s _ _l_ _____ 62 _J 

These figures suggest that Mount Painter ore (Set No.2) has a 
greater Ra/U ratio than either the sample from Radiun Hill or Mount 
Painter torbernite; they also suggest the possibility of distinguish­
ing by such absorption tests betwsen the radiation from uranium and 
that from radium in any given sample. UX2 will be in equilibrium with 
uranium because it and the product (UXl) intermediate between uranium 
and ux2 have short half periods and will therefore require only a · 
short time (of the order of months) to ready equilibrium. 

As radium salts are very insoluble it is coneluded that the 
excess 01· radium in Set No. 2 as cor:ipared with Set No .1 has been pro­
duoed f:t'om uranium that was previously in the samples and has been 
removed in solution. The results of the tests with Uo.2 Set o.1' 
samples and tests w:,_ th mine samples in general indicate that on the 
average the samples contain more radium that is accounted for by 
radium produced from the secondary uranium minerals present in samples• 

Accepting the above explanation for excessive radium content, 
and hence excessive radiation in relation to uranium content, it is 
seen that there will be a minimum Ra/U ratio, determined by the age 
of the secondary uranium minerals below which the Ra/U ratio o1' none 
or the samples will fall. On the other hand this minimum Ra/U ratio 
may be greatly eNceed as is evident in the case of the two mine 
samples described earlier in this report which showed appreciable 
activity (hence radium content) and yet assayed Nil for uranium. 

As already stated, Thomas found an average Ra/U ratio of 2.7 x 
lo- 7 for ore from the No.6 shoot instead of the ratio of 3.4 x 10-7 
which corresponds to equilibrium conditions. It follows that, if. 
the secondary uranium minerals have only 801~ o1' the radiuw content that 
they would possess in eq~ilibrium, the radium content of the minerals 
from 
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which this uranium was leaehed to .form the secondary uranium. minerals 
must now have only 200: o.f their original radium content. One of' the 
two samples mentioned in the preceding paragraph had an activity 
similar to that which would have been measured f'or an average sample 
containing 0.07~ U303. No uranium was detected by chemical assay so 
it might be concluded that this sample originally contained about 
0.25% uranium (the radium in a normal sample being responsible f'or 
about 60 - 70% of the activity measured). 

In the above discussion it has been assumed that RaC whose 
transf'ormation to RaC 1 is responsible for the greatest part of' the 
gamma radiation measured, is in equilibrium with the radium. It can 
be assumed that .the radium is sufficiently old for this condition to 
be attained but there is a possibility that, on the preparation of the 
mine samples for testing, one of the disintegration products inter­
mediate between radium and RaC and which is a gas, namely radon, might be 
lost, thus upsetting the equilibrium conditions. This gas is present 9 
only in extremely small amount! and is normally occluded in the solids. 
Nevertheless Beers and Goodman claim that in preparing rock samples 
for radioactivity tests for the purposes of determining their ages they 
found that in some cases the pulverising of the samples resulted in a 
less of radon. They consequently made a practice of' keeping the 
pulverised samples sealed for 30 days before determining their radio­
activity, and thus restored equilibrium. 

The activity of one Mount Paintsr sample was measured 7 nours 
after pulverising and Bf · __ n ? days after pulverising. As the half­
value period of' radon is 3.86 days, thi.s time should have been ample 
to indicate any change; however no increase in activity was shown. 
Later, the activity of another Mount Painter sample, which had been kept 
sealed-in a hottle for three months, w~s tested in the bottle. The 
sample was then removed from the bottle, thoroughly stirred and shaken, 
and after two hours was replaced in the bottle and tested a gain. If 
any radon had escaped while the sample was exposed tot he air, a 
decrease in activities should have been shown, as the two hours was 
sufficient to allow for the decay of the short life products radium A, 
B,C;C' and C", However no decrease in activity was found. From these 
tests it was con'Jluded that no radon was lost from the samples tested. 

The total radiation emitted by the radioactive parts of a 
sample in the appropriate directi.on does not a 11 reach the .Geiger-Muller 
tube owing in part to absorptton of the rays by the sample itself. Thu$ 
samples with different coefficients of absorption give different 
activity measurements for the same uranium content. This effect is more 
marked with the alpha and beta rays, whic:h are .far more highly abs orbed 
than the gamma rays. As each sample to be tested was placed in iron 
tubes of wall thickness about 2 mm., all the alpha rays and beta rays 
were absorbed, together with the weaker gamma rays. Thus the measure­
ments depended on the more penetrating gamma radiation, and discrep­
ancies· could be further lessened by ensuring that no great thickness 
o.f sample was. traversed by the rays. The maximum thickness in the 
tests described in this report was equal to the internal tube diameter, 
i.e. about half an inch. 

Moreover, ~ccording to Hevesy and Paneth2 the gamma ray 
absorption coefficients for various ~ubstances are very nearly proper­
tional to the density of those substances. 

In the tests described below, a given weight of material was 
always packed into the same space; thus the effective density of' 
samples under test was constant, and the absorption effects should be 
the same for all sample.s. 

··----------------------
1. Beer.s, R.F. and Goodman, C. Distribution of Rddioactivity in Ancient 

Sediments, Bull.Geol.Soc.Amer.Vol.55, No.10 (1944) 

2. Hevesy, Gand Paneth, P.A. op. cit. 
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It should be noted that uranium its elf emits practica.lly no 
gamma rays; these all come from disintegration.products. Hence the 
necessity for a constant.ratio of the amounts of these products to 
the amount of uranium present if emphasized. 

The presence of thorium minerals in a sample would ~ive a 
hi[h activity readine in relation to yranium content. Howev~·r, it 
has been shown earlier in this report that it is unlikely that 
thorium occurs in the samples tested in quantities Lreater than 
traces. 

Thus it will be. seen that accurate determinations of uranium 
with a Geiger-Muller counter are not possible. However, if' measure­
ments are based on comparisons with samples from the same area whieh 

'have been chemically assayed, and if gamma rays are used, very .approx­
imate estima~es of uranium content can be made; though checks should 
be niade by chemi.cal assay of any samples, the results of which are 
considered ·important. 

C. EQUIPMENT AND PROC~DURE. 

The Geig0r-Mull0r counter used for this work was that 
described already as Model 3. The qeieer-Muller tube is supported 
in a wooden crad:'_e, constructed in such a way that five .iron tubes, 
each about one foot in length and i-inch diameter, can be arranged 
around the Gei.fier-Mullsr tube parallel to its main axis. These tubes 
are filled with the samples to be tested. 

Samples to be tested were crushed, pulverized and thorouc,hly 
mixed, and each of the metal tubes was filled with 72.5 gm. of the 
pulverized sample, makin8 a total of 362.5 em. or about 0.8 lb. The 
material in each tube was packed down just sufficiently to allow 
insertion of the stopper. The five tubes were placed in position in 
the support as described above while measuring the activity of the 
sample. It was found that the normal reading of the instrument with 
the five empty tubes in position was about 13 per cent lower than when 
the tubes were removed. Hence all readings were taken with five tubes 
in position} empty ones being replaced with full ones as required. 

The a cti vi ty of any sample was measured by taking a series of' 
readings with and without the sample in position. The reading for the 
sample was then taken as the difference between the mean normal reading 
and the mean readine: with the sample in position. 

In actual practice the meter readini:; did not remain steadily 
at zero having once been se-t there, but fluctuatea. continuously owing 
to random variations in the count-rate. Hence it was found necessary 
in taking a reading to set the meter as near to zero as possible, then 
to find the mean of the meter fluctuations over a period and apply a 
corresponding correction to the scale reading. This random variation 
of the readin8 determined the smallest quantities of uranium which 
could be detected, as samples Whose activity was less than the mean 
variation in the normal reading gave no effect which could be measured 
reliably. 

The sensitivity of the instrument varied considerably, 
probably due chiefly to variations in voltage caused by ageing of' 
batteries and by temperature changes. One metal tube was filled with 
72.5 e:m. of the standard sample containing 2.0% UG·3; and this was used 
as a check on the sensitivity df the instrument. The standard reading 
for this sample was taken as 2.5 scale divisions, other readings being 
reduced in proportion to its actual reading. This standard sample was 
used in preference to the normal reading to determine the sensitivity, 
as it gave a reading over that portion of the scale which is used for 
measurements on samples$· and it would be available if the equipment 
were moved to another site where the normal reading might not be the 

-----------··--·-- -··-. 

1. See Page 6. 
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same. It was found, however, that the.ratio of standard sample reading 
to normal reading was reasonably constant, and measurements of the 
standard were made only occasionally. 

There was a noticeable decrease in sensitivity during any set 
of readings. Hence measurements of the sample and normal readings were 
alternated in a symmetrical arrangement, so that when averaees of the 
readings were taken, errors due to a steady decrease of sensitivity were 
eliminated. The procedure finally adopted was as follows: normal; 
sample, sample, normal; then repeat. It was found necessary to wait 
about two minutes between readins;s when there was likely to 'be any 
change of reading, to ensure that the condenser had charged or dis chari:r­
ed to its new equilibrium voltage. 

D. CALIBR,-\.TION. 

Two sets of standard samples were used in calibrating the 
instrument. The first set was prepared by Mr. Dalwood, South Australian 
Government Analyst, from clean torbernite diluted with crushed quartzi~e, 
there being about 1 l.b. of each s_ample. Samples were supplied in · . 
intervals of 0.1% from nil to 1%, and also for 1.5% and 2.0% U03. The 
second set consisted of seven samples from the No.6 deposit at mount 
Painter and which had been assayed. There was 100 gm. of each sample, 
values being .05, .10, .17, .25s, ,,36, .40 and l..4.;<(~·U30g. 

With the first set of samples, readings were taken usinr, all 
five tubes from 0 to 0.4%; using three tubes from 0.1% to 1.0%; and 
using one tube onlyfrom 0.1% to 2.0%. Each set of readings shows 
a linear relation between scale reading and percentage, as shown in 
the graphs fig. 5; the ra·tio of' the slopes of the graphs being 4.7; 3.1; 
1.0. 

Owing to smaller quantities of the second set of samples being 
available, measurements were made usinr; one tube only; The readings 
corresponded approximately to a straight line (it should be remembered 
that when usinc; one tube with small percentae:es, the experimental error 
is relatively great)~ However, the mean ratio of reading to percentage 
was about 1.5 times greater than with the first set of samples (see 
graphs, fig .. 4). The diff'erence due to expressing percentages in terms 
of U03 or U30s is only 2%. 

As explained in an earlier section of this report1 , the 
difference in the ratios (reading/percentage U303) for the two sets of 
samples, has been assumed to be due to 'the mine samples (Set No.2) con­
taining some radium which was formed from uranium no loneer present in 

'the samples, in addition to the radium which has been formed from the 
secondary uranium minerals in the sample. This assumption is supported 
by the absorption tests which have been described in the preceeding 
section of this report. 

Because it was believed that the mine samples (Set No.2). would 
more closely represent additional samples from the mine than would 
No.l Set, the ratio of instrument reading to uranium content obtained 
for the No.2 set was used as a basis for estimating the uranium content 
of mine samples. 

As it was anticipated that the great majority of samples to be 
tested.would be of low grade, five tubes of these were used in order 
to obtain readings as hieh as possible. These readings were compared 
with the 5-tube graph of the No.l set of samples; but estimates of 
percentage were based on the No.2 set, a correction factor being 
applied in accordance with the graphs of fig.4. This gives a ratio 
of reduced reading to percentage of 9.0 : l. 

--------------·----·-
1. See page 23 this report. 
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E. TESTS ON UNh.SSAYED MINE Si~MPLES. 

The activity measurements had a mean uncertainty of about 
0.01%, Hence this was the lowest quantity that cov_ld be dete~ted, 
though not always reliably. Samples tested were classified as 
follows -

Es ti mated U30.s Content based 
on Activity Readings. 

0 (No measurable activity) 

0.01% 
0.02 to 0.07'% 
0,08 to Ocl2% 
0.13% and highor 

Class. ·--- --~~~~~~--. 

N - Nil - Very probably less than 
0.1% U303 if any ' 

T - Trace - of the order of 0.01% 
L. - Less than Ool% 
C - About 0.1% 
M - More than O.lfu 

Samples in the last two classifications were recommended 
for assay. A summary of the results is given, 

ClaE' s 

N 
T 
L 
c 
M 

Mount Painter 

.. ,"------ 44 
J-4 
32 

9 

I 
J. 

. 100 
I ---- --,·---·--· 

No.6 East Painter No.l adit • - ------·-·--·--- ·-- --

4 
5 
3 

12 
----·-------- -·-------

AJ.l samples from the No.6 workings were channel samples, 
while those from E:J.st Painter wer~ bull-: samples. Samples submitted 
for test were as follows -

l\IIT. PAINTER N0e6 WORKINGS. -------------------
50 ft. Cross cut - 16 samples taken a lone; the wall over 
3 rt: sect-ions-:- Traces found in nearly all samples. 

80 ft. ~'.·;.b .. :~~yel - 18 .samples at 3 ft. intervals., 8 ft. 
to 59 ft. Definite radioactivity all along, rising towards 
the end with a maximum at No.16, at 53 ft. 

I 

100 ft. Drive - 25 samples at 3 ft. intervals. Very few 
indications of activity for the most part; definite but 
small activity from No.19 onwards. 

100 ft. Cross-cut - 10 samples taken along the wall over 
3 ft. sections~·-Traces in some. · 

Winze from 100 ft. J_e vel - 12 samples at 3 ft. intervals, 
depth of --rs-t·t~·fo_,.5'.C 1~t. Only one sample showed a trace 
of activity. 

150 ft< Sub-J_evel ~ 2 samples only, no fndications of 
activity.----.-~--

South Pc:..~ts.l Drive - 17 samples at 3 ft. intervals; 
definite- inO.Tc.a'cions of' act·ivity from samples Nos. l to 10, 
the rem.?,ining samples were on the opposite side of a shear, and 
had no activity. Greatest activity was from samples near the 
beginning of the series. 

EAST PAIN':l'ER NO, =1. ADIT. 

12 bulk samples,. from 12 ft to 50 ft. Definite indications of 
radioac ci vi ty all a2-:mg, highest reading from sample No. 8 ( 32 ft. 
9in. tc36ft,) 
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Detai].s of the measurements are shown in the tables 
appended• Ten samples from the No~6 workine:;s (nine class C and 
one class M) and eight (five class C and thr>oe class M) from East 
Painter No.l adit, were r~commended for assay. The results of the 
chemical assays of these samples are also shown in the tables. 

It will be seen that in the case of the samples from East 
Painter there is a reasonably close agreement between the chemical 
as say results and es ti ma ti on of u3 o8 based on radiation measurements,, 
or in other works the Ra/U ratio for th~se samples was approximately' 
uniform and the sarrie as f'or the No. 2 set O·f mine samples. 

The chemical assay results for the ten samples from the 
No.6 workings however were much lower than was estimated from the 
radiation results and rane;ed f'rom 2/3 to 1/5 of the estimated U309. 
content, If it were assumed that the excess radiation was due to 
radium which has decayed to 20% of its original mass, then it would 
seem that these samples may have contained originally up to 0.4% 
U309 and averaged about 0.24% U309. Thffse figures would be lower . 
if the secondary uranium minerals were younger than has been assumed,; 
for in this case the residual radium would not have decayed to as 
low as 20% of its original mass. 

The absorption tests described in an·earlier section of' this 
report suggest a means of distinguishing between the radiation from 
radium C and Uranium x2 and hence determining separately the radium 
and uranium content of samples. The tests, however, were not applied 
to the bulk of' Mount Painter samples because they were only carried 
out at a late stage of the investigation and the earlier results ach­
ieved tho object for which they were designed, namely of eliminating 
samples too low in uranium to warrant chemical assay. 

The results described herein illustrate the f'undamental 
difficulty of' assessing uranium content of secondary uranium ore such 
as that from the Mount Painter No.6 deposit. 

The U30s contents of the ten samples from the No.6 deposit 
assayed chemically were all lower than those estimated by radiation 
methods and it is believed that this condition would hold generally 
for the remaining 90 samples from the ·No.6 deposit. As the estimates 
for all samples rejected were below o.os% U30g it follows that no 
samples with an actual U309 content in excess of this were rejected. 
On the other hand the average U309 content of the eight samples from 
East Paintor No.l Adit assayed chemically was approximately 10 per 
cent greater than estimated and two of the samples rejected, viz. 5 
and 11, may have had U30g contents as high as 0.1 per cent. 

VII. GENERAL CONCLUSIONS. 

It is believed that the field work described herein has 
shown that the Geiger-Muller radiation counter has a useful though 
limited application in prospecting occurrences or uranium minerals. 
Its chief drawback is of course its limited range insofar as the 
radiation measured is essentially a near-surface phenomenon~ 

The f'ield surveys revealed numerous small zones of h:'..gh 
radioactivity. A small proportion of the zones was tested by knapping 
and by shallow pits.but without exposing any torbernite deposits of 
economic importance·. The fact that the surveys described here-in 
failed to disclose uranium deposits of' economic value is not necessarily 
evidence that the methods would not have succeeded in revealing such 
deposits if they had been present in the areas surveyed. 

Their most valuable contribution to the investigation of the 
Mount Painter f'ield has been in supporting and clarifying geological 

-----~ 
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premises and in giving a picture of the distribution of radio­
active minerals. The radiation surveys demonstrate most clearly 
a cotnc1dence of high radiation value with occurrences of hematite. 
The fact that a considerable proportion of the radioactive hematite 
has no uranium in it has been in terpre t.ed as meaning that this 
hem~t1te·contains radium formed from original minerals from which 
the uranium has been leached during the past million years. 

The ratios between the quantities of' radium.and urani~ 
and lead and uranium in the ore sheet in the No.6 deposit have been 
considered in relation to the age of' the deposit. It was shown 
that while the average Ra/U ratio indicates an age of considerably 
less than a million years for the secondary uranium minerals the 
amount of lead recovered was f'ar in excess of that which would have 
been present had the secondary minerals alone b0en its source. 

The lead/uranium ratio of fergusoni te (the ·only primary 
uranium mineral definitely known to occur in the Mount Painter 
district) was found by Kleemanl to be 0.093 corresponding to early 
Palaeozoic ·Age. 

It is believed, therefore, that the above facts are best 
explained by -

(1) Uranium, Radium and lead derived from a primary uranium 
mineral of early Palaeozoic age are present in the ore. 

(11) 

The uranium and radium are ,Present in amounts corresponding 
to equilibrium. The lead/uranium ratio would be high. 

Secondary uranium minerals (torbernite etc.) were intro­
duced into the ore in quantities relatively much greater 
than the primary uranium mineral. This introduction 
occurred approximately 400, OC-0 years ago. 

The results are that -

( l!i) The average ore contains only approximately three quarters 
of the radium compared with that which would be in equilibrium 
with the uran 1 um present. 

(iv) The amount of lead compared with the uranium gives a much 
lower age than that of the primary mineral. 

The absence of visible uranium minerals in much of the 
radioactive hematite and the weak reaioactivity of the crush zones 
in general is taken as evidence that the crush zones have been ~ached 
of their uranium content at. a time less than one million years ago. 
The uranium leached from them would have been sufficient to form the. 
richer concentrations of secondary minerals (torbernite etc.) s~ch Js 
the No.6 ore sheet. 

In the early stages of the. investigation the Geiger-MUller 
equipment proved a useful tool by determining for the geologists 
whether the different minerals found by them wer~ radioactive or not. 

,. 

As far as the assay work was concerned the equipment 1 s !nain 
usefulness was in indicating those mine samples whose activities weie 
so low that it was certain that they contained only traces or very ~ 
minor amounts of uranium and consequently obviat~ng the necessity fbr 
chemical assay work on them. · 

1. Mawson, Sir D. op cit. 

Canberra. 
19/9/45. 



Vlll. RESULTS OF ACTIVITY TESTS ON MINE SAMPLES 

The numbers and positions of the samples are th.os..e _ _s u,ppll ed· 
by the Mine Man{'lf!i".'r. 

N - Nil, T - Trace, L - Less than 0.1%, c - about 0.1%, M - More 
than 0.1%. 

Sample Reduced Estimated Class. Recommended Assay 
No. From. Reading. % U309 for assay. result. 

MduNT PAINTER N0.6 WORKINGS. 

100 ft. Drive. 

l .01 0 N No 
2 -.02 0 N II 

3 -.03 0 N II 

4 0 0 N II 

5 -.04 0 N II 

6 +.02 0 N II 

7 -.02 0 N " 8 +"02 0 N II 

9 -.04 0 N 11 

10 +.05 0 N II 

.11 .15 .02 L II 

12 .02 0 N " 
13 -.01 0 N " 
14 .01 0 N II 

:~5 .05 .01 ·T " 
16 -.04 0 N ll 

~,., 0 0 N " J. I 

18 .10 .01 T " 
19 .19 .02 L " 20 • 37 . .04 L II 

21 • 28 .03 L II 

22 • 24 .03 L " 
lA 029 .03 L " 2A .30 .03 L It 

3A .28 .03 L II 

-1.00 ft. Cross-Cut 

1 x 0 to 3 ft. .12 .01 T No. 
2 3 to 6 ft. 030 .03 L ti x 
3 x 6 to g f't. .16 .02 L II 

4 x 9 to 12 ft. ,06 .01 T II 

5 x 12 to 15 ft. .03 .o N II 

6 x 15 to 18 ft .• .06 ~01 T " 
7 x 18 to 21 ft. -~03 0 N II 

lA 22! to 25 ft. ,05 0 N II 

2A 25 to 28 ft. .04 0 N II 

3A 28 to 31 ft. -,03 0 N 11 



Sample Reduced Estimated Recommended Assay 
No. From. Reading. % U30g Class for assay. result. 

50 ft. Cross-Cut. 

1 0 to 3 ft. 108 .01 T No. 
2 3 to 6 ft. .o 8 .01 T II 

3 6 to 9 ft, .09 .01 T II 

4· 9 to 12 .ft. ,02 L ti 
• ~.1., 

5 12 to 15 ft. • 01 0 N " 
6 15 to 18 ft. ~06 .01 T ti 

7 18 to 21 .ft. .18 .• 02 L II 

8 21 to 24 ft. .07 .01 T II 

9 24 to 27 ft, .05 0 N II 

10 27 to 30 ft. .17 .02 . L I! 

lA 36 to 39 ft. .12 .01 T II 

2A 39, to 42 ft. 0 0 N ti 

3A 42 to 45 ft. .12 .01 T 11 

4A 45 to 48 ft. .15 "02 L " 
5A 48 to 51 ft, .07 .01 T II 

6A 51 to 53 ft. -.03 0 N " 
20 ft. Sub-Level. 

1 8 ft, .49 ,05 L No 
2 11 ft. .47 .05 L ti 

3 14 .ft. .41 .05 L II 

4 17 ft. .41 ?05 L ll 

5 20 ft. ,55 e06 L !! 

5 23 ft. .37 .04 L " 
7 26 ft. ,54 .06 L ti 

8 29 ft, .51 .06 L :t 

9 32 ft, .82 .09 c Yes 002 
10 35 ft. • 25 .03 L No 
lJ. 38 ft. .65 .07 L 11 

12 41 f't. .24 .03 L 11 

13 44 ft. ,84 .09 c Yes .02 
14 47 ft. .72 .08 c II • 03 
15 50 ft. 1.00 .11 c II • 02 
16 53 ft. 1.38 ' :: .. :,.; M II .07 
17 56 ft, .70 ,08 c II .02 
18 59 f't. .83 .09 c II ,06 

100 ft. Winze. 

1 18 ft. .02 0 N No 
2 21 f't' .02 0 N II 

"t. 24 ft, .os 0.01 T II 
'-' 

4 27 ft. .01 0 N II 

5 30 ft. -.01 0 N 11 

6 33 ft, +.02 0 N I! 

7 36 ft. ,02 0 N II 

8 39 ft. 0 0 N " 
9 42. ft. ~~04 0 N " 

J.O 45 ft~ ,04 - 0 N I! 

11 48 ft. ,03 0 N n 

J.2 51 ft. ,05 0 N II 



Sample Reduced Estimated Recommended Assay 
No. From Reading % U309 Class for assay result 

150 ft. Sub-level. 

1 .03 0 N No' 
2 -eOl 0 N II 

South Portal Drive. 

1 .71 .08 c Yes .02 
2 1.10 .12 c II .07 
3 .51 .06 L No 
4 .73 .os c Yes .04 
5 .31 .03 L No 
6 .37 .04 L II 

7 .50 .06 L " 
8 . 24 .03 L It 

9 • 21 .02 L It 

10 .28 .03 L II 

11 .02 0 N It 

12 0 0 N II 

13 • 03 0 N " . 
14 -.03 0 N II 

15 -.• 03 0 N II 

16 -.02 0 N II 

17 -.01 0 N " 

EAST PAINTER. 

No.l Adit (Bulk Samples) 

1 12 to 15.1. ft. .82 .09 c Yes .11 
2 15.l. " isf ft. .Bl .09 c II .os 
3 isl " 2ol ft. .78 .09 c " .12 
4 20! II 23 ft. .48 .05 L No 
5 23 II 25 ft. • 59 .07 L " 
6 25 II 28.l. ft. 1.25 .14 M Yes .17 
7 28.l. " 32! ft. 1.35 .15 M II .17 
8 32! II :716 ft. 2-.2s .25 M " .22 
9 36 " 39 ft. 0.99 .11 c " .13 

10 39 II 42 ft. LlO .12 c II .15 
11 42 II 45 ft. 0.60 .07 L No 
12 45 II 50 ft. .38 .04 L II 
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PART V - ORE TREATMENT REPORTS. 

• 

• 

• 

1. URANIUM ORES FROM MOUNT PAINTER (First Report). 

BY 

Professor H. W. Gartvell and D. R. Blaskett. 
Joint Inves tiga ti-.)n of Council for s·cienti.fic 

and Industrial Research 

and the 

SJuth Australian School of Mines and Industries. 
Bonython Laboratory. Adelaide. 

----------000----------

At the beginning of this investigation there were several 
samples o.f Mt. Painter uranium ores in this latnratory which had been 
used for experimental work about fifteen years ago, aid many of the 
tests described in this report •Nere made on these old samples. 

In addition to these samples this laboratory has over the 
past few months prepared for analysis several hundred samples from 
the current expl.ora tory work and from old dumps, Some of this 
material has also been used f'or testing. 

g_. INFORMA'J:'IOJ'! REQUIRED: -

We were requested to examine the samples with a view to 
devising means of ooncentrating the uranium minerals. 

3. DESCRIPTiON OF SAMPLES:-

A lengthy description of the uranium minerals and associated 
gangue in Mt. Painter ores has been given by Dr. Stillwell in 
Mineragraphic Investigations Report No,315, but in order to get a 
clear idea. of the concentrating problem a few brief extracts should 
be sufficient. · 

"The uranium min0rals occur in an area ·of granitic rocks, 
fre:iuently in brecciated zones, which often coincide with the outcrops 
of small areas of ironstone. The granite approaches a pegmatite in 
character, and consists essentially of quartz and reddish microcline. 
Disseminated ferromagnes ian minerals are_ typically absent, -but bands 
a.nd schlieren of bioti te rock, or. bioti te-garnet rock, presumably 
related to the granite occur occasionally. 

The uranium minerals so far discovered in the various prospects 
and lodes are as .follows:- autunite, torbernite, meta .. t~rbernite, 
uranophane, and an unindenti.fied uranium silicate, dewindtite and 
related lead uranium phosphat0s and ferguson-ite. Associated with 
them are.various primary minerals such as hematite, monazite, pyrite 
and fluorite, and various alteration products and secondary minerals 
such as psilomelane, goethite, collophane, iron phosphates, limonite 
and gypsum. 

A. Autunite Cao. 2U05.P205.lOh20 

Autunite was a pr0minent constituent of the r.ich s,hoot 
formerly extracted from No,6 working~, but has not been found as yet 
in the material from the other prospects of the district except for 
small amounts in vughs at the No.2 workings. The autunite _occurred 
in small senms and vughs, intimately associated with collo.form manganese 
and limonitic minerals, as the cement of a breccia. The seams 
frequently consisted of massive lemon-yellow to sulphur..,yellow plates 
up to 1 cm. across. 

Autunito has refractive indices between 1.550 and 1.575. It 
is uniaxial or very nearly so, and optically negative. In ultra­
violet light it fluores cus a vivid emera_ld green. 



-2-

B, Torbernite (Cu0.2U03.P205.8H20) 
-- ----- ------- 0 
and Metu-Torbernite (Cu0.2U03,P2 5.BH20)_ 

Torbernite or its dehydration product, meta-torbernite is 
most prevalent of the uranium minerals in the Mt. Painter prospects 
being present in all of them .. Commoniy, it is the most abundant 
mineral showing, but in the No.2 workings it is present only as 
occasional flakes, 

The two forms of torberni te are generally found in close 
association in hand specimens. Neither of them normally fluoresce, 
so that they can be distin~uished only under the. microscope. .The 
torbernite has refractive indices between 1.58 and 1,59 and is 
strongly pleochroic .from green to colourless. It has a good 
cleavage parallel to the platy faces of the crystals, and cleavage 
flakes appear almost isotropic, although they give a uniaxial figure 
of negative charactor. Flakes at right angles to the cleavage show 
blue polarization coluurs. 

the 

The meta-torbernite has fr hicher refractive index, between 
1.62 and 1.63 and.cleavage fragments ar0 practica1ly isotropic. It_ 
also has a higher specific gravity. The meta-torbernite shows a -----

.weak uniaxial figure on cleayage plates and is optically positive. 
Polarization col0urs uf fragments at right angles to the cleavage 
are a distinctive purple, a little bluer than the colour of a gypsum 
plate." 

4. GENERAL DISCUSSION ON METHODS OF CONCENTRATION:-

The samples which we have on hand are almost all frqm the No. 
6 workings and the problem of concentration is essentially the 
separation of torber:-nite from a gangue consisting pricipally of 
hematite, quartz and microcline with smaller quantities of biotite. 

At the beginning of this investigation it was stressed that 
water supplies are limited in the arid Mt. Painter region and that 
any concentration which could be done dry would be an advantage. 
It seems likely that if a tr ea tmen t plant is to handle this ore, the 
final stage of uranium recovery must necessarily be a leaching process 
and the aim of any ~re treatment should be to produce an enhanced 
grade of material for leaching. The amount of wator r12:quired for 
any wet treatment process depends primarily on the percentage of 
water which has to be dumped out in wet tailings and this would be 
about the ·same whether a straight leaching process ur a combined wet 
concentrating and· leaching process were used, The former wuuld however 
give the higher rscovery 0f uranium in the ore and hence; considering 
only recovery and water consumpticm, w0ul.d appear preferable. A dry 
process which would reject say 70% - 80% of thegangue and make a good 
recovery of the uranium mineral ·would be a big aid tot he treatment on 
account of the greatly decreased amount of water required. . Novortheless 
wet concentration processes were by no me£ns rul~d out since it was 
believed that if necessary available water could.be increased by further 
boring operations along the creek bed. 

Numerous methods of concentration have been tested in this 
laboratory both in the current testing programme and also in the 
series of tests made here ab0ut fifteen years ago and brief mention 
will be made here of the various methods tried. 

A~ Wet Processes:-

(a) Jigging, tabling and class ifica tL.m al 1 depend on the density 
and shape of the particles and such methods have not achieved 
much success, primarily because of the varying nature of 
the gangue. The specific gravities of the chief 
constituents of tho ma·terial are as follows: -



Mineral 

Torberni te 
Hematite 
Quartz 
Microcline 
Biotite 

- 3 -

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

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

Specific Gravity 

3.2 3.7 
4.9 5.3 
2.65 
2.55 
2.7 3.1 

It will be noted that the specific gravity of torbernite, the 
chief uranium mineral, is between that of the silicate gsngue and 
the hematite. Any concentration process which relied on differences 
in specific gravity would therefore involve two major separations, 
the separation of the light silica and silicate gangue minerals from 
torbernite and hematite, followed by the separation of hematite from 
torbernite. 

These separations might be possible on closely sized material 
if the specific gravities of the various minerals conformed to the 
above figures, but from their behaviour, in testing it appears that 
much wider variations occur, probably due to porosity resulting 
from weathering, and this variation together with the variation in 
particle shape makes the separations impracticable. The fact that 
torbernite is commonly tabular increases.·the difficuJty of separating 
it from the lighte.r gangue minerals. 

(b) Under wet processes some mention should be made of flotation 
as a means of separating the torbernite from the gangue minerals. 
In the early investigations referred to above, flotation tests gave 
little ehcouragement but since then, new reagents and increased 
knowledge of flotation principles have increased the range of 
minerals which can be floated selectively and some further flotation 
tests were madB on floating the uranium minerals. 

Preliminary tests un hi3h grade uranium mineral showed that 
it could be floated with several different reagents, but later tests 
showed that control of the gangue would present the greater problem. 
Flotation from a clean siliceous gangue could probably be developed 
so as to give a good s epara ti on but even small quantities of' 

·hematite gave bad sliming and prevented effective selective flotation 
of the torbernite. The iron )xide slime evidently absorbed much 
of the reagent since large amounts of reagents were necessary to 
float anything. · 

B. Dry Processes:-

(a) Concentration by differential grinding. Much of the 
torberni te in the· sapiples so far examined occurs as flakes which 
can be exposed by crushing and grinding to about 4 mesh. Rumbling 
at this size or a light attrition grind with small iron slugs will 
separate the thin torberni te flakes from .the gangue and subsequent 
screening will concentrate the torbenite in the finer flakes. 
Such a pro.cess could be used as a means of prelimii::~ary concen'lration, 
but neither a high recovery nor grade of concentrate could be 
obtained by this pro·cess. A crude process of this nature was usv-d 
in preparing ore for shipmen~ years ago. 
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FIG. 1. EARLY TREAT:r..IIENT PLANT. M'C. PAINTER (NOV. 1926). 

"---~----

·, 

(b) Magnetic concentration is a means of concentrating certain 
types of Mt. Painter ore, but the varying nature of the gangue 
would not permit its tise alone as a concentrator. On ores in which 
the ganguo is predominantly hematite a large percentage of gangue 

~could be rejected as a magnetic concentrate, but on some ores in 
whtch the gangue is principally siliceous the magnetic concentration 
would affect al1'.lost no enrichment. 

(cr) Sticky-surface concentration was suggested as a means of 
separation when it was noted how the flakes of torbernite would 
adhere. to any s:!.ightly greasy smooth surface. The principle of 
separating minerals by their power to adhere to a greased surface 
has of course been known for centuries although its application in 
the past has been almost solely to diamo~d concentration. In recent 
years similar processes have been tested experimentally for other 
separations (see for example, 11 Sticky Surface Concentration of Gravel 
Sized Minerals", Mining Technology, November 1942). In these 
processes, the minerals to be separated suspended in a pulp, are 
brought into contact with a suitably prepared surface tow hich 
certain constituents of the mixture will adhere if ~he surface of 
the m~neral is properly conditioned. The process therefore depends 
fundamentally on the same principles or the oil agglomeration process. 

The process we have beon testing in this laboratory differs 
somE:what from these EJarliar proc.ssst:Js, but for want of a better name 
we have called sticky surface concentration. In this work the 
ore, after crushing to about 20 mesh, is fed dry onto a glass 
surfsce coated with a thin film of oil to which the torbernite sticks 
more readily than the gangue. From observations of the experiments 
it is believed that the chief factor operating to cause selection 
of the torbernite is the flaky nature of tho torbernite particles 
which allows closer contact between the particle surface and the 
glass than does the more irregular surface of the gangue. 
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This process relying on one of the outstanding physical 
chara cterls tics of the tor.berni te has showed considerable promise as a 
means of separating torbernite from the varying types of Mt, Painter 
ores and much time has bGen spent in trying to develop a laboratory 
machine for more extensive t6sting. More details of the development 
of our laboratory.machine and results achieved by it will be given · 
later but it has now roached the stage where we can state that the 
machine seems C3.pable of making a good recovery of the torbernite 
while enriching the grade sev.:;ral times. 

5, DETAILS OF TESTS: ... 

· Because of its vivid colour, torbernite if present in 
appreciable quantities (say above o.2%) is easily distinguished in 
samples and much of the preliminary testing of these ores relied on 
visual examination of tho sample to indicate the value of the test. 

A. Gravity concentration tests:-

Jigging and tabling tests on both sized and classified 
samples gave little hope of a reasonable separation. On samples 
containing massive hematite up to 40 per cent of the gangue might be 
rejected as a low grade tailing by tabling, but samples containing 
principally a siliceous gangue are not amenable to such concentration. 
The somewhat higher gravity and the flaky nature of the torbernite as 
compared with quartz and silicate minerals, gives almost no selection 
on tabling. Jigging·tests showed little encouragement because of 
similar causes -- much of the apparent hematite even seems to have a 
porous structure giving particles a lower density so that part only 
of the hematite can be separated by gravity processes. 

B. Flotation:-

Some preliminary tes·ts were made on high grade uranium 
mineral which had been separated by hand picking from specimen ore. 
Torberni te is r~ hydrated copper uranyl phosphate and possible 
means of floating such a compound are:-

1. 
2. 
3. 
4. 

Flotation with a xanthate and sodium sul~hide. 
Flotation with a mercaptan type reagent. 
Flotati~n with a fatty acid reagent. 
Flotation with more recently developed cationic 
reagents. 

The first two schemes do not appear favourable since uranium 
has not much affinity for sulphur, forming only a rather unstable 
uranyl sulphide even under properly controlled conditions. There 
.is a possibility that the copper present in the mineral might be 
sufficiently reactive to form.a copper sulphide coating on the surface 
but laboratory tests using amyl xanthate as collector after ·condition­
ing with sodium sulphide did not offer such hope of success. 

Oleic.acid alone did not appear to be sufficient.to float the 
uranium mineral but the addition of a little fuel oil br01.1ght about 
almost complete flotation of the torbernite. In the presence of 
gangue, however, this collector combination had alnost no selective 
action and the gangue was floated as readily as the uranium mineral. 
The presence of a small amount of slimed iron oxides completely 
prevented flotation, presumably because of absorption of the collector 
by the slime• Of the other reagent tried, flotation with trimethyl 
cetyl ammonium bromide and with Dupont Q seemed the most encouraging. 
Each of these r0agents floated the torbernite over a wide pH range 
but selection from siliceous gangue was best in acid pulp of ph 3·_ 4. 
Unfortunately as in flotation with oleic acid a small qui::l.ntity of 
iron oxide slime interfered with flotation and large quantities of 
reagent were necessary to float anything. Desliming prior to 
flotation is rather ineffective as attrition in the flotation cell 
continually makes further slime. 
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Summarizing, although flotation could probably be developed 
to separate torbernite reasonab·ly well from a siliceous gangue, the 
varying nature of the ore and the frequent occurrence of hematite 
gangue together with the necessity for keeping down water consumption 
make such a treatment scheme unattractive. 

C. Differential Grinding:-

Although no tests have been n~de as yet, in this investigation 
on this process since we have been working on samples sent for 
assaying and ha v0 n•)t received any sample which could reasonably 'oa 
expected to approximate run-of-mine ore, it is certain from the early 
work to which reference has been made that some such scheme would 
be a valuable adjunct to a concentr·:.i.ting mill. To illustrate the 
rcsul.ts which might be expected from such a process the results of an 
early test are reproduced here:-

11 Sampl·e. o.sofo U30B 

The ore received in lumps up to ab.:J ut 5 inches was crushed 
in jaw crusher and rolls to about 5 per cent plus i inch and then 
given a light grind in a rod mill, followed by screening. The 
distribution of total weight and of uranium in the screened fractions 
is shown in the following table: 

j 

% by % 
Distribution 

Fraction 
Weight U30a Uranium· Cumulative Cumulative 

% % Uranium ·3 Weight 

Plus 30 mesh 62.1 ,08 8.1 8.1 62. l 

30/80 mesh 13.5 .47 10.6 18,7 75.6 

.-

---·- ·-·-- -
80/180 mesh 7.o 1.32 15.2 33.9 82.6 

., 
.. 

Minus 180 mesh sand 3.7 2,15 13.1 47.0 86.3 
''-. ·- -i.----· ·-

Minus 180 mesh slime 13.7 2,32 53.0 100.0 100.0 

This,shows that 60 per cent of the ore could be rejected at 
loss of 8 per cent of the total uranium." 

It is believed that the above test does not show the matter 
in the best light sincE.1 in a batch process the uranium mineral is 
overground, the bulk of it appearing in the finest products. For 
the convenience of further processing it would be desirable to keep 
the mineral as ·coarse as possible and the chances of doing so would 
be much better in continuous mill or rumbler where the finer 
material, say minus 30 mesh would be continuously discharged. 

D. Magnetic Concentration:~ 

As mentioned·earlier in this report magnetic concentration 
would only be of value as a concentrating process on ores in which 
the gangue was predominantly oxides of iron. Various types of ore 
have been tested on the "Rapid l\'iagne tting Machine 11 in this laboratory 
and the weight of the magnetic portion made has ranged from 60% 

·on a massive hematite ore down to~% on a·granite ore. If we assume 
that under the most favourafile conditions, 60% of the weight could be 
rejected without loss of' uranium, then the grade of' enriched material 
would be only 2t times that of the f8ad. However from examination 
of numerous samples received from the field and from observation of 

--

-



ore in situ, it is believed that the average amount of magnetic 
material which could be rejected would be of the order of 10-15 per 
cent of the weight an~ assuming again that no uranium were lost, the 
enriched material would then be not more than 1.2 times the grade 
of feed, It seems reasonable therefore to assume that magnetic 
concentration could not assume any great part in concentrating th·~ 
general run of material. 

E. Sticky~surface concentration:-

Before describing the machine which we are at present using 
for testing of this process a brief mention will be made of the 
de·velopment of this machine. 

Our first tests were made on an inclined glass plate which 
was sprinkled with a few drops of reagent and excess removed by 
rubbing with a pad of cotton waste. The sample was then all.owed to 
rill down the inclined plate which picked up a coating of material. 
This plate was used to test various substances as sticking medium 
reliance on visual observation being used to assess their relative 
merits. Amongst the substances tried were, paraffin wax, vaseline, 
lubricating oil, kerosene, glycerine, cresylic acid, crude creosote, 
castor oil, oleic acid, pine oil, linseed oil and eucalyptus. Of 
these lubrica~ing oil and kerosene appeared to be as satisfactory 
as any and all subsequent work has been done using a mixture of 
kerosene and lubricating oil in about equal amounts, Any' slight 
advantages of one substance over another would have to be worked out 
on a larger scale machine over long periods of testing . and for 
preliminary tests it was felt that the results achieved with this 
mixture would be indicative of results which could be achieved in 
larger scale testing. 

Following on these preliminary tests with a glass plate' 
a few tests were made using the outside surface of a small glass 
cylinder rotated at about 30 r.p.m. about an inclined axis. The 
surface of this cylinder was periodically spr,1•yed with an oil ... 
kerosene mixture from a scent-spray type atomiser. The feed was 
dropped on the up,er side of the cylinder md the adhering material 
was scraped off on the underneath side by a piece of rubber set in 
wood while the tail dropped directly over the side. With this 

·simple apparatus it was evident that such a. coated surface did have 
a very definite selective action in picking up the uranium mineral 
although the very short time of contact did not allow much chan~e of 
picking out all the mineral. Repeated treatment however appeared to 
give reasonably clean tails and it soon became evident that the type 
of machine that was necessary was one which gave a much better chance 
for the uranium mineral to come into contact with the surface. 
Of the various arrangements which were suggested the best idea seemed 
to be to make use of the inside ·surface of a. rota ting cylinder set on 
a small angle so that material fed in at the high end would gradually 
work down to the lower end. The machine which was then built has gone 
through various stages of alteration but these have been concerned 
mainly with dis tributing t:he sample .over the surface and inducing 1 t 
to rill instead of sliding, and with the means of maintaining a 
uniform oil coating and of removing the adhering particles. The 
machine as in' use at present is shown diagrammatically in the.attached 
isometric sketch. 

A is an open~ended glass cylinder lJ~ inohes inside 
diameter and 18 inches long supported and rotated by rubber covered 
rollers B, C is the oil tank and atomisers for spraying oil onto the 
inside surface of the cylinder. Three air jets with ori.fiees about 
1/40 in diameter are mounted directly opposite capillary tubes of 
0.02 inches bore which dtp into the oil mixture in the tank. Air 
is fed to the jets through rubber tubing wi t.h clamps to control the 
supply of air to each, . The air jets are spaced about 5 inches apart. 
Air is supplied by a small portable compressor to a tank on which a 
spring loaded valve is set to blow off at 15 lb. The pressure of 
air to the sprays can then be set to the desired figure and will 
remain steady throughout the experiment. 
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Dis an agitato~ consisting of a wooden roller with four 
radial pioces of sponge rubber, the whole being rotated by a belt 
drive from one of the main rollers. This helps to turn over the 
sample and increases the chance of a flake of torbernite being picked 
up by the surface. 

E is a sponge rubber wiper, hinged to an arm at the centre 
and held against the glass surface by a tension spring. F. is a 
trough. to catch the material dropping from the rubber wiper. .For 
the sake of simplicity this is shown as a plain trough but actually 
is divided longitudinally into three hoppers with chutes leading 
back toward the feed and so that the first portion picked up could 
be taken out as a concentrate and the remaining parts if so desired 
could be fed back as a· middling product for treatment. G is a small 
feed bin fitted with a conical bottom and sliding feed· gate With 
various size openings to control the rate of feed. H is a feed 
chute which carries the feed from the bin into the cylinder. The 
main driving rollers, and hence the cylinder itself are tilted at a 
slope of about 1 in 5. The rollers are driven through a motor 
an~ worm reduction drive so that speed of rotation of the cylinder 
is about 8~ r.p.m. These factors can be ~aried perhaps it may be 
found advantageously, but most of the work so far has been carried 
out under these conditions. To avoid confusion in·the sketch no 
supports are shown but the oil spray tank, the rubber. wiper and 
concentrate trough are all attached to rods held to rigid upright 
by screw clamps. 

(i) Sizing of material for testing:-

From early tests it seemed evident that some system of 
sizing would be essential before any reasonable separation could be 
made. It is obvious that 325 mesh particle would adhere more 
readily than a lO mesh flake of torbernite so that all samples tested 
have been sized although as yet no attempt has been msde to decide 
the optimum closeness of sizing. Tests have been made with 
ma~erial as coarse as 10 mesh, but it appears that 20 mesh or finer 
gives better results. At the coarser sizing a heavier .oil coati~g 
is required and the torbernite particles are more likely to occur 
in granular form. 

Fine dust if present in the samples will adhere to the 
surface and prevent the torbernite from sticking so that dedusting 
either by air classification or by screening is necessary, ~he 
former being more easily applied as fine screens are rapidly blinded. 
So far in our experimental work no attempt has been made to treat 
completely a' sample of ore, our tests being confined to developing 
the machine to handle material in the size range down to 100 mesh. 

~ Tes ting Procedure and Results. /) ' 
(i ;) 

The oil consumption on the machine could only be determined 
accurately over long periods of operation but rough tests have 
indicated that it is of the order of one to two lb./ton when treating 
material about 40 mesh. ·The rate of oil addition during tests is 
controlled by putting a mercury manometer in the air line and setting 
the valve to give a definite pressure; usually three inahes of 
mercury has been used. The rate of,feed has been varied to suit 
different sized feed but has usually been in the range from 10 to 
20 lb ./hr. · 

A. A sample containing torberni te associs ted with pegma ti tic gan 
gue was crushed thrc~gh rolls to minus 30 mesh and screened on 60 mesh 
and 100 mesh. The fractions 30/60 and 60/100 were tested on 
the machine, but at' this time only one oil jet was fitted so that 
the length of concentrating surface was insufficient to obtain a 
high recovery in a single pass. 

30/60 mesh treated by a single pa.ss thrm1gh machine. 



Head Assay 

Assay % U;-508 % Distribution 
of' Uranium 

Concentrate •••.••• 27.2 i.21 39 
61 

100 
Tailing • • . . . . • 72. 8 o. 70 
Calculated Head •• 100.0 0.84 

· 60/100 mesh treated by a single pass through the machine. 

Head Assay 1.20% U309 
Concentrate •••..• 
Tailing •••.. , 
Calculated Head 

12. 5 
87.5 

100.0 

1,56 
0.97 
1.05 

19. 
81 

100 

A portion of the same minus 30 mesh sa'ple was dedusted in the 
laboratory Federal Dust Classifier rejecting 15 p~rcent of 
weight of sample as fine dust. 

The coarse fraction was then treated under conditions similar 
to those of the tests above giving:-

Concentrate ••••••• 10.5 
Tailing .••...• 89~5 
Calculated Head .. , 100.0 

1,83 
0,72 
0.83 

23 
87 

100 

B. 

Although these tests showed that the machine had a selective 
action for the torbernite, the recoveries were low primarily 
because of the short length of the concentrating surface. 

The three oil jets as shown on the diagram were then made so 
that later tests made use of a much longer concentrating 
surface. 

A sample of' 20/40 mesh ore with a pegmatitic gangue was treat­
ed in a single pass through the machine with three oil jets 
operating. 

Concentrate , ••.••. 51.4 
Tailing .••...• 48.6 
Calculated Head •• 100.0 

2.10 
0.25 
1.20 

90 
10 

100 

c. 

The tail from this test was retreated over the machine but the 
final tail still assayed o.24% U308, a difference of .01% 
which is not significant. 

This test shows the very much improved recovery possible with 
a larger concentrating surface. 

A sample of 20/40 mesh ore with hematite gangue was treated 
.·-twice over the machine with three oil jets operating. 

CJncentrate •....•• 59.5 
Tailing .•••.•• 40.5 
Calculated He~d ••• loo.a 

2.24 
0~17 
l.40 

95 
5 

100 

A sample of 40/60 
under conditions 

C')ncetitrate •••..•. 45.4 
Tailing •••...• 54~6 
Calculated Head ••. 100.0 

mesh ore with hematite gangue 
similar to the above giving:-

2. 76 86 
0.38 14 
1.46 100 

was treated 

A sample similar to the above was treated with a lower 
pressure on the oil jets in an attempt to make a higher 
grade of concentrate in a single pass through the machine. 

Concentrate , •...•• 34.8 3.36 80 
Tailing •••..•• 65.2 0.45 20 
Calculated Head ... 100.0 1,46 100 
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Sample 

20/40 
mesh 

.. 

40/60 
mesh 
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It will be noted that a higher grade of concentrate was 
obtained at the expense of some loss in recovery, 

.on the whole these tests indicate that a reasonably good 
recovery can be made while rejecting from 50 to 60 per cent 
of the gangue , 

To confirm the above results some further tests were made on a 
lower grade sample in which the gangue was principally 
hematite. 

A sample of the ore was crushed through rolls to pass 20 mesh 
and then screened on 40 and 60 mesh. The two fractions 
20/40 and 40/60 were used .for testing. In each teat a 
rougher concentrate and a tailing.were made in a single 
pass through the machine with an air pressure of 3 inches 
of mercury in the sprays. The rougher concentrates were 
then cleaned by two further passes through the machine, 
adding the.first cleaner tail to the rougher tail and 
keeping the second cleaner tail as a middling product, 
which in continuous operations would be fed back with new 
feed. These tests were made on samples of about 3000 
and 4000 grams respectively. As a check on the work 
done, a portion of each tailing was given a retreatment 
and the retreated tails sampled for assay. 

Th~ results of these two tests are tabulated below: 

Pr·oduct Weight Assay 116 Dis tri- Kate of' Ui.l used. 
% % but ion of feed 

U308 Uranium Gms./min. lb./ton 

Concentrate 9.2 2.94 63 

Middling 16.5 .35 13 

Tailing 74.3 .14 24 180 1 

Calculated 
head 100.0 .43 100 

Retreated .13 
tailings 

Concentrate 4.4 2.22 43 

Middlinp; 4.6 • 52 10 

Tei ling 91,0 • l.2 47 130 1.4 

Calculated 
Head 100.0 .23 100 

Retreated 
Tailing ~11 

If we assume that when retreated the uranium in the 
middling·would be distributed between concentrate and tailing in the 
same ratio as that from new feed, the overall recoveries would be 
72% and 48% respectively in concentrates weighing respectively 11% 
and 4!% of the original weight of feed, · · 

Considering the low grade of material which was treated in 
these two tests,. the results make the process attractive as a means 
of enriching low gr.ade ore.prior to a leaching treatment. 
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6. SUMMARY; -

1. The problem of concentrating uranium minerals fr.Jm the 
Mt. Painter ores is primarily _one of separating torbernite, the 
principal uranium mineral, from the associated gangue, but the 
properties of the torbernite apd the variable nature of the gangue 
makes the commoner ore dressing processes of little value in 
effecting this separation. 

2. It is believed that the ultimate stage of treatment for 
uranium recovery must be a leaching process and that the role of any 
ore dressing process should be to prepare an enriched grade of 
material for leaching i.e. to reject a large portion of the gangue 
without discarding much of the l;lranium content. In view of the 
high value of uranium any seam of specimen ore should be hand picked. 
It is als0 likely that a rumbling process as set out on page 5 would 
be of value. · 

3. Although water.suppiy is likely to be a serious pr:'.)blem in 
the Mt. Painter region, both wet and dry processes of concentration 
were tried including gravity concentration, flotation and magnetic 
concentration but with the exception of the last thes~ processes gave 
little hope of success. · 

4. Magnetic concentration could achie.ve a useful enrichment 
on ore in which the principal gangue is· ironstone, but unfortunately 
it appears that much of the ore is likely to be associated with a 
granitic type of gangue and on this type of ore, magnetic concentration 
would not be of ariy value. 

5. . A variation of a s ticky.-surface concentration process has 
been tried and a laborat::iry machine making use of this principle 
has given some encouraging resu:J..ts. · On a sample containing about 
lt% uranium oxide a single treatment doubled the grade with a 
recovery of 80-90%, while on a. low grade sample containing only 
0.4% uranium oxide, three stages of treatment gave a concentrate 
containing 2. 9% uranium oxide with an indicated overall recovery .of 
65~7o%. The oil used in these tests would amount to between l and 
li lb./ton of material treated. It is believed that·such results 
achieved by a dry pr~cess warrant some consideration for the treatment 
of Mt. Painter ores. 

6. The results mentioned above do not make allowance for the 
fines which were separated ::mt before treatment. In crushing to 
say minus 30 mesh some very fine dust is made but the amount of such· 
dust depends la!'.gely on the crushers used and the type of ore being 
treated. No reasonable assessment of this ·factor can be made at 
present since we have little idea of what a representative s~mple 
of run-of-mine ore will be like. It is possible that ff the fine 
dust carries an appreciable part of the total uranium content, it 
may be necessary to leach it without further enrichment. 

The tests with the laboratory machine are as yet far from 
complete and furtner work will be needed to check tho effects of the 
numerous variables likely to influence the results e.g. rate of' 
rotation, rate of feed, slope of the machine, thickness of the oil 
coating and sizing and type of the, material treated. 

As yet little considerati::m has been given to the problem 
':Jf trans la ting these principles to a plant-scale machine, but if' 
further tests on the present machine confirm the results already 
obtained the next step will be to design and make a larger laboratory 
machine. 

(9th December, 1944.) 



Isometr~."c Sketch showing General 

Arro.ngement of Labom.tory 

Sticky Surf ace -Cone en t:i.."'2, to~" -· 



11. URANIUM ORES FROM MOUNT PAINTER (Second Report) 

by 

Professor HeW. Gartrell and DoR .. Blnskett 

Joint Investigation of' Council f'or 
Scientific and Industrial. Research 

nnd the 

:=:; ·: :"'.ih Austr£>.lien School of' Mines and Industries 

Bonython Laboratory. Adelnide~ 

11.. GENERAL 

This progress report describes some recent tests 
on dif'f'erentie1 grinding of o. srunple of ore f'rom No.5 Lode 
Mt. Painter Eo.st,. nnd o. complete concentra.tion test on a 
srunple from the 50 ft. level winze No.6 workings, Mt.Painter. 

2. DIFFERENTIAL GRINDING 

In our f'irst report on Uranium ores from Mt. 
Painter, it wns stnted thnt this process would be o very 
useful p0~t of any concentrating scheme, but nt that time, 
no tests of this nature hnd been m~de on current samples. 

An investigntion of' the optimum conditions f'or 
dif'f'erential grinding is now in hnnd a.nd the first four 
tests of this series are reported below. 

A.. Details of' Tests: 

The ore used f'or these tests wo.s o. semple from 
No.5 Lode Mt •. Po.inter Enst, o.s:soying O. 28% U308. This 
wo.s c·l'.'ushed through jaw crusher, n.nd rolls to approximat.ely 
minus ·:t inch, and then screened on· 20 mesh. The percent-
a:ge l:- · weight rod the .o.ssny of' the two f'ro.ctions i;u-e set 
out i ~1 table 11. 

Toble t 

Fraction Weight U308 Percent Distribution 
% % of' U308 

Plus 20 mesh 7306 Oo 14 37 

Minus 20 mesh 26.4 0.67 63 

Composite Head 100.0 ·oo 28 100 

/The 
1. 

... • 
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The dif'ferential grinding tests were nll_ carried 
out on the plus 20 mesh f'rnction .nnd n sereen test of' this 
smnple is set out in table 11. 

Table 11 

Screen Mesh 

Tyler Equivnlentt. 
British Standnrd 

3 

6 5 

8 7 

10 10 

14 

2'0 18 

Screen 
Aperture 
(inches) 

.371 

• 263 

• 1:31 

.• 093 

.o65 

• OJ1i:6 

• 033 

% 
Weight 

o. 1 

28. 0 

20.3 

10.3 

6.8 

Cumulo.ti ve 
% Weight 

48. I+ 

too.o 

The mill used for the grinding tests was a 10" x 8 11 

e.ylindrico.l mill and the charge of' ore in ea.ch case ms app-
roximately 2500 gr2ms. In this series of' tests two var-
iables were investigated, the size of' the grinding media 
and the time of' grinding. The grinding media used were 
circular punchings f'rom mild steel plate, hnving n burr on 
one edge. Such media were f'ound by Shelton and Engel (u.s. 
Bur. of' Mines R~l 3636) to be very ef'f'ective for the dif'f'­
erential grinding of' co.rnotite f'rom Colorado and Arizona 
ores. The weight of' punchings used was 3000 grams and the 
size varied in encn test, details being shown in Tnble 111. 
The grinding wns carried out in stages, the times of' the 
f'irst two stages being. the same but in the later stages, 
the time was double that of' the previous grind. This gave 
roughly, the some weight of' fines mnde in each stuge of' 
grindj_ng. The semple was screened on 20 mesh at the end 
of' enc 1 period of' grinding and the minus 20 mesh material 
weigl o.nd put aside to make up samples f'or analysis. 

The minus 20 mesh srunples f'rom each sto.ge of' 
grinding were not analysed individually, but were mede up 
in to three or f'our composite srunples,, and :..rom these 

/analyses, 
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nnnlysea, the ·res~lts set out in table 1111 were co.lculc.ted. 
This tnble shows the. cclculnted annlyses of· the plus 20 and 
niinus 20 mesh !'ra.ctions af'ter different periods of grind-
ing. The figures in the last three columns of this table 
refer to the total :~eight of minus 20 mesh material i.e •. 
the minus 20 mesh from the primary crushing, plus the minus 
20 mesh from d:j.fferential grinding of the primary oversize. 
The figures set out in the table, ere o.ll cumulntive e.g. 
The third liner of test B, means that nt'ter 40 minutes grind­
ing of the phis 20 mesh somple· with 3000 groms ·of 13/32" x 
1/8" punchings, 86. 6 percent of th.e somple is plus 20 mesh, 
anaJ.yaing • 065% U308 ·and containing 40% of the Uranium, . 
whioh wo.s in the primary plus 20. The remaining 13.4% 
wns ground through 20 mesh cmd annlysed • 63% U30a and con­
tnined 60% of the Uranium which we.a in the primary plus 20. 
The combined minus 20 mesh mo.terie.l constitutes .36. 2% of . 
the weight o'f: origina.l sample,. nno.lysed • 66% U308 and con­
tnined 85% of the Ure.nium which wo.s· iri the original sompJ.e. 

These :few tests indicnte thnt on this particular 
somple, contnining o. 28% U305, there is not much dif:f'iculty 
in grinding. the sample so ns to concentrate over 80% o:t: the 
Uranium content ih about 1/3 of the original weight. Con­
sidering grnde of product nnd recovery, Test B using slugs 
13/32" x 1/8" go.ve slightly better results than the other 
tei?ts, but taking into nccount time of grinding, test C 
with bee.vier slugs nnd f'aster grinding has some a.dvanto.gea. 
FurtL '' tests are in hand to indicate the behawiours under 
di:f:fL.rent condi·Horis bu:t .the eo.se with which preliminnry 
concentrntion can be achieved by diff'erential grinding, 
indicates thti.t consideration should certainly be given to 
the question o:r leaching n smnller quantity o:f' enriched 
material instead of low grade ore 8.s mined. It has been· 
pointed out in the recent report o.n Leaching of' Uranium 
Ores :from the Division of' Industrial Chemistry, thnt the 
leaching of' fine material presents certain difficulties, 
such as retentio~ of leach liqu©r, but in nny form of 
crushing o. certain nmoun·t of' fines will be mnde and the 
fines will normally be richer than the coarse material so 
thnt provision must be mode :for their treatment. 

It seems thnt o. decision ho.a to be made between 
lenching of' sey 100 lb. of 1 inch ore conto.ining o. 28% 
U308 o.nd the leaching of' 35 lb. of minus 20 mesh innterial. 
containing o. 65% U3C>a. The higher grade of the f'ine 
materi nl would give rise to more concen.tra.t ed Uranium 
solutions, o.nd permit more washing without getting unduly 
large volumes of' solution. 

3. STICKY-SURFACE CONCENTRATION TEST ON ORE FROM 
50 FT. LEVEL WINZE. NO. 6 WORKINGS MOUNT PAINTER. 

Continuing the work described in, our f'irst re­
port, complete test hns been mode on the above samples. 
The only alteration mnde to the machine as described in 
thnt report has been the o.ddi ti on of' two more oil sp:t'eya, 
reduc~.ng the spacing of' the jets to 2! inches. This 
o.rrec,cment gives a more uni:fi'.orm coating on the surface, 
and i·educes the sliding of' the material over the sur­
f'e.ce giving more of' a rilling action. 



Table 111 -·· ~-·--··-··- ··---.. --.·-···-· - ···------.......... ~ 

20 mesh.oversize 20 mesh undersize Tot cl 20 mesh undersize , 
Total Time of % Recovery 

% Weight I % Recovery % Recovery Grinding ~' 

Test Grind (Mins) % Weight % U308 of U308 % U308 of U308 % Weight % u3oa of U3oS Media 
! 

A 5 96.3 .12 81 3.7 • 73 19 29.1 .68 70 
ao 93.6 .1i0 69 6.4 .. 69 I 31 31.1 .67 . 75 Nil. 

-· 
• 66 I --- --4- -·-; 

-40 92.4 ' .095 64 7.6 36 32'. 0 .67 76· 
.-.::,,., .-.: ..... , .. : """ 

,.. -
:a 21 94.3 .11 71 5.7 .71 29 30.6 .67 74 300 

I . grams 
10 90.2 • 00 51 9.8 • 70 I 49 33.6 .68 81 . ,punch-

-'---. ---·- in's 40 86.6 .065 40 13.4 .. 63 60 36o2 .66 85 13 32 11 

80 85.0 .o6 39 15. 0 .60 64 37.5 .65 87 x i" 
--- -·· - •«-• -· .. _ _·-·--· -· ..... ;. __ ", .. 

0 1i 94.8 • 1.1; 76 5.2 .64 28 . 30.2 .67 72 3000 
. - grams 

5 88.T .08 11r.3 li8 34.7 .65 81 
of 

52 •99 pun chin 

I 
t3/16U 

20 81. 1 .065 37 18.9 .47 63 40.3 .60 86 x ;trt 
i==:::::---' - -· 

D 2t 95.5 .115 79 4.5 .67 21 29.7 .67 71 3000 
.. grams 

10 92.0 •. 095 64 8.0 .64 36 . 32.3 .67 77 
of·punc 
!nf~ 5/ 

40 88.8 ~085 53 11. 2 •. 59 47 ·34.6 .65 81 
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The sample o:r ore as received analysed 0.91.% 

U30s• After crushing to minus 12 mesh fn jaw crusher and 
rolls, it was screened into several :rractions, and the fine 
dust removed by treatment in the dust classi:f:ier. The 
screen analysis o:r this material is set out in Table rr. 
The first four fractions were treated in the concentrator 
and the concentrates weighed and assayed. The :f:ine dust 
was not treated, but it is considered that this material. 
would have to be leached together with the concentrates so 
the uranium contained in it is regarded as recoverable. 
The results o:r these tests are set out in Table rv. The 
overall recovery shown in these tests is 78% in a concen­
trate 25% of the original· weight with concentrates assaying 
2.8% U305. The grade of' minus 100 mesh was 2. 4% U308~ so 
that tnis :rraction might reasonably be added to the other 
concentrates While that of the plus 30 mesh concentrates 
was only 1% U305 and represented only 5% of' the total uran­
ium. .il.ssuming then the plus 30 mesh were discarded and . 
that cnly the two intermediate fractions were treated a 
recovery of 79% could be obtained with a concentrate grade 
of 2. 9% U308. Actually much o:r the uranium from the plus 
30 mesh fraction could be put into the other fractions by 
a differential grind and an overall recovery of' 85% seems 
likely. 

A. SUMMARY. 

1. Differential grinding tests have shown that 
when treating an ore contfilning o.28% u3os, up to two-thirds 
of' the ore can be rejected at plus 20 mesh, leaving over 
80% of' the total uranium in a concentrate assaying about 
o. 65% U305. such a concentration should be a great advant.­
age prior to leaching. 

2. The optimum con di ti on s f'or grinding are depend-
ent to a certain extent on the tonnage to be ground. 
Laboratory tests so f'ar indicate that some grinding media 
is desirable but too heavy media will result in less sel­
ective grinding so that a choice will have to be made 

.between rate o:r grindihg and selectivity of' the grind. 
If a large tonnage is to be handled the time required :ror 
grinding will have to be chosen so as not to require too 
large a mill. 

3. A :rurther test using the lnboratory sticky-
surface concentrator on a sample containing 0.91% U308 
showed on overall recovery of almost 80% of' the uranium in 
a cor. : 3n trat e assaying 2. 9% U308• It is proposed to con­
tinu . tests on this process arter preliminary concen­
tration by differential grinding. 

Date: 23rd January, 1945. 
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Screen Analysis Concentrates Produced 0 

% cum, % 
'Weight cum.Weight % Distribution of Distribution of Weight "% Recovery % Recovery % 

F~ootton % % u3oa u3oa U303 % U3'08 -in fraction . Of total 

.. . ;. : ... :.. ·- .. 

Plus 
... 

30 . , 
mesh 54.8 54.8 o. 21 12.6 12.,'l 8.8 . . 1. 01 42 5.3 

·' .. , ... -

.. -· .:: . ·.·-.·' .. .. "··' 

30/60 17.5 72.3 . o. 71 13.6 26. 2 17.4 2.47 61 8.3 

~o/1bo 8~4 80.7 1.39 12.9 . 39.1 29.1. 3.72 78 10.1 . 
··-····'" .. 

Minus 100 
(sand) 1~. '.! 186~8 2.41 16. 2 55.3 33.0 4.41 ~o 9.7 

- .. . .. ·-· 
... . .. ·- .. 

DUsP 13~ 2 100.0 3. 00 J.iJ+ •. 7 100.0 44. 7 

Total 100. 0 o. 91 100. 0 25.4 2.80 78.1 

... 

Discarding the plus 30 mesh end adding the minus 100 (se.nd) untreated 24.7 2.92 79.3 
. -



III. DIFFEREFTI/i.L GRIND IlJG OF URldHTJM: ORES FROM MT. 
PAINTER (Third Report.) 

by. 

Professor H. w. Gartrell and D·· R. 
Blaskett 

Joint Investigation of' Council f'or Scientific 
and Indus·trial Reseo.rch 

and the 

South ~ustralian School of hlines and Industries 
Bonython Laboratory, Adelaide • 

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

1 • GENEHL.L • 

This report describes recent tests on dif.fel'entio.l 
grinding of a sample of ore fror" No. 5 lode Mt. Painter East. 

2. DIFFEREUTIJ,L GRIND ING. 

In our first report on Urrtniurn Ores frou Mt. Painter 
it was stated that this process would be. a v0ry. use f'ul part 
of any concentri:;:ting sch01'.1v, 'but at tl:io.t tir:-i.e 110 t8st.s uf this 
no.tur0 had bevn r:io.de on current samples. 

This report describes the results of' such tests under 
a variety or grindint:; condi t iuns. 

Because o.f the arid conditions in tho l\Tt. Paint01• arso., 
d.ry grinding wo.<> used in all tests. Wet grinding and screening 
would undoubtedly iupr0ve th8 rvcov0ry of .fines buy this advu.ntage 
would bs outweighed. Ly the difficulties of maintaining a difficult 
supply of water. · 

o.. Det8.il:S of Tests. 

The ore used for these tests was a sumpl0 from No. 5 
lode Mt. Painter East, assaying 0.2E3~; U308. This was crushed 
throu,'h the laboratory J' a 1.;f crusher and rolls to approxi1n.a tely minus 
Cl C,) 

ti- inch. 

Two saries of t,:;sts vl6r8 the:n uad0 on this sample, 
ssries A on grinding the plus 20 mesh fraction oi' th0 roll product 
ancl series B on grindin~ the plus 30 mesh fraction. 

(1) St.orius 11.: Ths p"'rc0nto.g0 by wsight and ths assay of tho plus 
and minus---ZO-m~osh fractiuns ar·u shov;n in Ta1Jl8 I, and o. scrEJen 
test of the plus 20 mush .fraction is shown in Tablt- II. 

/Table 1. 
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Table I. 

Fraction we~ght % % Distribution of' 
<Tl U308 U308 70 

Plus 20 
mi:ish 73.6 0.14 37 

• o• ... ~·--

Minus 20 
mesh 26.4 o.67 63 

Composite 
Head lOO.O o.2s 100 

Table II. 

SCREEN MESH 
Screen Cmnuln ti ve 

Aperture d % /0 

Tyler Equi vo.lent (inchtis) we igl/. t Weight 
British 
Standard 

.37l '.).l 0.1 . 
3 ~263 3.0 3.1 

4 .. J.85 17.3 20.4 

6 5 .131 28.0 .. 48.4 

8 7 ~093 20.3 68.7 

10 10 .065 14.2· 82.9. 

J.4 14 v046 10.3 93 .2 

20 18 .033 6.8 loo.a 

/The mill 
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""" The r:1ill used for the grinding tests was a 
cylindrico.l mill with a 2,500- gram charge:: of ore. 
variables introduced in this S8ries of tests wero 
of grinding and the size of thi:o grincling medin. 

1011 x 8 11 

'11he 
the time 

The grinding mudia usecl were punchings from mild 
steel plate -- such rwdia vrnre found by Shelton and Engel 
(U.S. Bur. of Min~s, R.I. 3636) to be very effective for· 
tho dii'i'crential grinding of carnotite .from Color9.do and 
Arizona ores. 'I'heir report rnt.mtions that after tests 
had befJn made to sel0ct a suitable mediu..'11, "it" slugs were 
choses as the most eff'octive. These slugs were punchings 
fron flat plat0-steel screens Elbout 3/32 11 thick. They 
Wert; slightly disb0d, thu CC:rlVt;X side being smoother than 
the; concave sideo 11 

The: wui,;ht of punchin[;s in ettch of tlwso tests 
vrn.s 3,.000 gro.ms, while thEJ sizo of the media which varied 
in o ach to st, is shown in Tabl8 III. The grinding was in 
each case carried out in six or seven stages, increasing 
th0 tim8 ·of grind as the rn to of grinding decreased. After 
co.ch s te..ce, thr.; so.mple vrn.s scrc:oned on 20 me.sh and the 
fines r<:imoved. . Th0 r:1inus 20 me sh mate rial formed in each 
stnr;o of' grin~ing vras wci01od sopo.r.:ctE..ly but the s a:nples 
Yvere c o:nbinod for analysis so tho. t only two or threu 
uro.niun dct0rmino.t:lons v;or<S niad.s f'or co.ch test. 

Tabl0 III shows the rate of grinding nt different 
stages of' the tests togE::ther vrith the analysis of' the fines 
produced. 

Th8 figuros in tho third and fourth columns of this 
tabJ..u are tnl~en from the be ginning of the test while the 
figures for uranium oxide ccmtEmt shown in the f'i.fth column 
arc for the intermediate stages of' tb.8 tests. VJhere no 
figure is shown in this table, the samplEJ was combined with 
that from the sucEJ""ding stase t: .g~ the fifth line o.f test B 
means that after ·40 minµ.tes, l3.4% had been ground so as to 
i:.ass 20 mesh~ The average ro.te of srinding over the 40 
minutes was therefore .34% per minute. The figure in the 
fifth c olUJ"nn than me ans that the minus 20 me sh procluc·ed in 
the porlod from 10-40 minut.::s assayed .'±0% U308. 
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Table III. 

U3o8 Grinding Time % Weight Average rn te of t5l 
/0 

Test (minutes) Minus 20 Grinding <5! per in minus Medin /o 
unit time. 20 used 

A 5 3a7 .74 .73 
10 5~2 .52 
20 6.4 .32 .62 Nil 
40 7.6 .19 • 54: 
80 8. '7 .11 

160 9.8 .06 .59 

2.1. 2 5 ~ '7 2.3 .'71 3,000 grains oi' 
5 7.8 1.6 punchings. 

B 10 9.8 1.0 .70 13/32 11 x .g.n 
20 11.6 .58 
40 13.4 .31 .43 
80 15.0 .19 .36 

16(:) 16. '7 .10 .20 

1.1. 5.2 4.2 .64 3,000 r,rrun s of 
~; 8.1 3.2 punchings. 
5 1L·3 2.2 .55 - 13/16" x i" 

0 10 15 .. 1 1.5 
20 18.9 .95 .28 
40 23.3 .58 
80 28.6 .36 .20 

160 34.1 .21 .09 

2i 4~5 1.8 .67 3,ooo grams of 
5 6.3 1.3 punchings. 

D 10 8.0 .so· .59 5/16 II X i-" 
20 9.5 .. 47 
40 11.2 .28 .47 
BO 12 .8 .16 

160 14.2 .09 .35 

li- 4.9 3.9 
22 7.3 2.9 .68 3,000 grams of 

punchinr;s 
5 9.6 1.9 

10 12.2 1.2 .64 5/8 11 x 1/8 11 

E 20 14.8 • '7 4 
40 17.6 .4'4 .49 
80 20.6 .26 

160 23.3 .15 .20 



Table !"{ • · .. - · . · :_ • . · 

Te st r ~i;; t;~~B~11p% 9ii;~:r~~;f ~ w;~e~~i~~~~~r~~~~~~~~~~~t~;~l~~~ry~;i:;r :;gi~g -
:T~ . 1 ~~:~ 1- :i~ 1 ·~~ ft1 1- :~~1-·-ii r-~i:i-. r~~~-·---;~ ·-11-~=--

, 1~i ~~: ~ I : g~~ l ~~ . ! ~: ~ I : ~ I ~~ I ~~: ~ I : g~ I ~~ 
._J_I -~~t----,.-~:~11 ~,~~-f-~f l T:~-T~i511 ____ !i. i--gfi'\-~~:;i--·ii -i ~r0~~n~~g. 
B 4( 8606 .065 40 I 13.4 .63 60 3._..2 1· .66 I 85 I .· I 80 I 85.0 I .06 ·I 3'6 I 15.0 I .60 I 64 37.5 .65 I 8'7 I 13/3211 xi" 
~+-~~~--1' ~:3.:..~--~·_;_.-~~T5 -~3 ~-~ 16. 7 l-~~-·+·----~~---1-~-.· Z~-.:~~--8~-~-+~------·-· 

I 1-* 94.8 II .11 . 76 1 5.2 j .64 I 28 I 30i~ ·j .67 I 72 3,000 grrun 
. I 5.. 88.7 ;.::: .. :08_i 52_ I 11.3 I .59 I·· 48 'i 34.7 · ·-_.65.:I 81 of punchingse 

0 I 20 I 81. 1 I 3,;:• 065 37 18. 9 . .47 . . 63 40. 3 I . 60 I 86 

I en 71.4 · ·.o45 23 I 28.6 .39 I 77 
1
. 47.4 1 .541 91 113/16" x~" 

_ 16~- 66.o I .oi ~- ~.1_ .33 ~- _51ti4 __ .51 ~- ______ _ 

1· 2'! 95.5 I .115 79 t 4.5. , ..• 67 21 '1 29.7 .67 I 71 r3,0QO grnm 

I. 10 92.0 I .095 JI 64 I 0.0 I .64 . , 36 · 32.3 .67 ·I 7? I· of punchings 
D 40 88. 8 I . 085 53 I 11. 2 • 59 I 47 . 34. 6 I • 65 81 I 5/16" x -ii" _ -~~---r--- s5~- _:~~5 __ _::_._ -1 14~- I -~4 55 J __ 36~~::_i.--~--_

1 
____ _ t ·1* I 92.7 1 .095 . 64 ~.3 f 68 36 

1
1· 31.8 ._67 1· 76 3,000 grnm 

E' ·. 10 j ~7.8 I .075 42 . 12.2 .66 58 35 .. 4 .67

1 

85 of punchings 
40 82.;4 I .06 32 17.6 .65 68 I 39.4 I .66 90 

t 
43 5 64 94 ~" x 1.tl 

1&0 I 76.7 . .03 15 23 •. 3' .61 85 I . I. . I 8 ·-8--......_ ____ . ..._. . ...,..._ 
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Table IV shows ·the percentage recovery and grade of' 
fines obtained after various stRges of grinding the plus 20 
mesh fraction. The overall rE:Jcovery and grade from the minus 
20 mesh is also shown in this table. 

The figures shown are all cumulative e.g. the third 
line of Test B means that 9. fter 40 minutes grinding of the plus 
20 mesh sample with 3,000 grams of 13/32 11 x i" punchings 86.6%' 
of thEi original weight was in the plus 20 mesh fraction which 
assayed 1065% U308 contained 40% of the total uranium. The 
remaining 13.4% of the sample had been ground finer than 20 
mesh, assayed .63~~ U308 m d contained 60% of the uranium v1hich 
was in the original sample. ThEJ combined minus 20 mesh 
material constituted 36.2 of the original weight, assayed 66% 
U308 and contained 85% of the uranitun. 

(II) Series B. In this series, the separations were made at 
30 mesh. The percentage hy weight and the assay of the plus 
and minus 30 mesh fractions are sho•-m in Table V" 

The detai_ls of the. grinding m~dia used in these tests 
is shown in tables VI and. VII. The general procedure was as 
described under series A· Table VI shows the rate of grinding 
and the grade of the fines produced at differen_t staces of 
each grinding test, while VII :;rhows the recoveries and grades 
of the two products after different times of grinding. As in 
Table IV the columns headed, "Combined 30 mesh undersize", refer 
to the primary minus 30 mesh together with the minus 30 mesh 
obtained by grinding of the original oversize. These figures 
therefore repr0sent the results of differential grinding as a 
means of concentrating the original ore. 

In the laboratory tests the slugs were separated fro~ 
the ore by screening, but magnetic separation would be prei'er­
able in a continuous treatment plant. 

3. DISCUSSION OF RESULTS. 

Tests A, B, D and E of Series A indicate that the 
recovery of uraniur11 unde:r th0so conditions is ruughly a linear 
function of the wight ground through 20 mesh~ · This relation 
may be represented in the form:-

R = 1.BW -i- 18 

where R is the percent.age recovery of urnaium and w ls the weight 
ground throuf")l 20 mesh. To conform. to this relation the corres­
ponding assay of the minus 20 mesh material would be :-



A = .so + 5 
w 

where A is the percentage of U308 in the minus 20 mesh. These 
reJa tions represent roughly the behaviour of the sample for W 
in the range from 30-40%. 

In the case of test C where heavier slu,ss were used 
for grinding the gauge was ground more readily and the vrnight 
of fines produced was higher than indicated by the above relation. 

Of the four tests A, B, D and E, reference to Table 
III shows that E gave the highest rate of grinding and the 
conditions of this test theref'ore represent the best conditions 
of this series i.e. Grinding after punchings ~Jr x 13" which gave 
90~ recovery of the uranium after 40 minutes grinding with the 
enriched material containing .66% U30g. 
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Table VI. 

(1,, u3os in Grinding Time 7o WE::ight Av0rage rate (0 

Test (minutes) m:i.,nus 30 mesh of Grinding minus 30 l\Ie di a 
cf per unit mesh used (0 

time 

21: 5.7 2.3 3,ooo grams 
5 7.7 1.5 of punch 

F 10 9p6 • 96 .89 ings • 
20 ll.4 .57 .ilri x ln a 6 

40 13.l .33 
80 . lf~. c .19 

160 16,.8 .10 .67 

2.1. 
2 6.3 2.5 

5 9.1 1.8 .83 3,00 grams 
G lO i2.o 1.2 of' punch-

20 15.4 .77 13/16 11 x ·i-11 

40 19.3 .48 .73 
80 2400· .30 

160 29.9 .19 .21 

ll 5.6 4.5 
21 7.7 3.1 3000. grams 2 

H 5 10.0 2.0 .BO of' punchings 
10 l2.4 1.2 QI! x xrr 

6 a· 
20 15.0 .75 .68 
40 .17 .8 .44 
80 20.9 .26 

160 24.0 .15 .29 

2-E 5.8 . 2 .3 
5 8.1 1.6 1500 grams 

J 10 l0o5 1.0 .82 of' punch-
20 13.1 .65 in7s 

13 16 11 x .1.11 

'" 40 16.'2 .40 .77 
80 20.0 .25 

160 24 .. 9 .15 .41 

2-ia 4.9 2.0 
5 6.9 1.4 1500 grams 

K lt') 8.8 .88 .90 of punchings 
20 l<'.6 .53 _Q.11 X ~JI 

8 
40 12.6 .31 .86 
80 15.2 .19 

160 18.0 .11 .66 



-·" -
TABLE. VII • 

. -.: .·,. •'" 
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The reslllts of series B show that in.general screening the sample 
at 30 mesh instead of' at 20 mesh as in series A, leads to higher 
grade of enriched product but the grinding rate is natu~ally 
slower when working at the finer size. 

Table VIII has been constructed to show the results of a 
few of' these tests in a f'orm where the tests can be compared more 
readily. The figures in these tests have been interpolated. 
graphically so as to represent in each case a 90% recovery of' the 
uranium. 

~able VIII. 

--r Screen j Time of' Grind=lTotal-weight TG.rade of' 

I (minutes) undersi ze Undersiz 

Recovery 
or U30s 

% 
Test I Mesh 1 ing j o~ Screen j' Screen 

. · ~ % I % U309 . 

~ f · 201--~o--, 46 t-.55 -90 -

: I :~ I :~ I :~ I : ~~ :~ 
H I 30 I 260 I 40 I . 63 90 

: -' _;J__; ~_J_ :;__j_ ::~ l_;__ 
The f'ieures for test. H appear to be rather erratic but 

the general· conclusions are that screenine on 30 mesh gives a 
higher e-:c:ade of' prodllct than 20 mesh, and that slow grinding 
with light grinding media, j_s more selective· tho.n f'ast grind­
ing with heavier media. 

SUMMARY. 

1. Tests on. a sample of' ore containing 0. 28% U30s have shown 
that grinding and screeni:lg can eive an enriched product, 30-40% 
or the original weight with a reco\rery of' 90% or more bf' the 
uranium. This product assaying 0.65-0.70% U30g, should be much 
better :f'or leaching than the tmtreated· m8terialo · 

2. Slow grinding with lj_ght _media is more selective than 
!'aster grinding with heavier media.· .The. optimllm conditions 
:ror grinding vvollld have to be decided on a plant-size mill 
since !'or examples a :i" ball or slug would cause f'ar more im­
pact crushing in a 4' diameter mill than it would in a 10" 
diamet.er laboratory mill. 

3. Screening at 30 mesh gave higher erades of' concentrate 
than screening at 20 mesh, but there are certain f'actors which 
may give trouble in finer screening. The larger period of' · 
grinding reqllired when separnting at f'iner sizes will mean 
that more dust i~ produced and this may give trouble in leach­
ing. Finer screens would also mean ·more maintenance and more 
screen area reqllired ror e:ff'icient work. These :f'actors could 
however only be asse·ssed correc tl;sr ·in a continuous plant. 
Date '7 /3/45~ 



IV. CONCENTRATION TESTS ON URANIUM ORES FROM. MOUNT 
-- ~idNTER ~'FiE!f"Re32ort) -

by 

Professor H.W. Gartrell an£._D.R. Blaskett 
l.£!.Et Investi~!_!on o~ the .c·ouncil for Scientific 

nnd Industrial Research 
-~-~~--~~·~~-

and 

South Australian School of Mines and Industries 
-B'on:ithon Laboratory;:Ad9laicfe. 

1 o GEN~. 

This report describes some further tests on. the laboratory 
concentration.described in our first report. 

Test A described below was made on a hand picked parcel of ore 
from the 50 ft. level winze Noo 6 workings, Mt~ Painter while Test 
B was on the minus 20 mesh fraction of a sample f'rom No. 5 Lodeg 
Mto Painter ERst. 

2. DETAILS OF TESTS. 

The machine used f'or·these tests was described fully in our 
report No. 148A, The only alteration made prior to these tests was 
the addition of tv10 more oil sprays, which reduced the spacing of' the 
sprays to 2t 11 • This closer spacing of' the jets was found to give a 
more uniform coating of oil on the surface and less tnedency for the 
material to slide over the surface instead of' rilling as desired. 

The parcel of-hand picked ore as received assayed o.91% U30a. 
This grade~ although higher than most of' the ore samples, aPProximates 
that likely to be produced by rumbling and screening 0.3% ore. 
After crushing to minus 12 mesh in the jaw crusher and rolls it was 
scr.eened into several fractions and the fine dust removed by treat­
ment in the Federal dust classirier• The screen analysis of the · 
sized material is shown in Table 1. The screens used for these 
tests were a set of 12 11 conmercial screens. 

Table 1. 

------------- . % --w--· cum. % ___ ....,... 
Fraction Weight Cum. Weight u3o8 Distribution of' Distribution of' 

% % --· ____ _!!.2.Q§_ ___ ____JI308 --

Plus 30 
mesh 54 • .§.._ 

30/60 
mesh 17. [~ 

--.!..·-···-

60/100 ; 

__ O-'o--"21._ __ 12•6 

0.71 __ _:!~6 

·--~--~--~§_·---~-

mesh , ___ §.4 80. 7 1039 ·----- ~-1_2_.~9·-----~-------32.!__1_~--
Minus 
100 
mesh 

_s_._::J~'--- 6.1 86" 8 ·-------- _1~6~·~2 ______ ~--·~---22~----~ 

=D=u=s=t=======13.2 ____ 1ooo=0=========3=.08 . 44. 7 ------- 10£.!Q_ 

Composite 100.0 100~0 

=-====·=========~:===--=============================== 
The J.'irsty four fractions shown in the above table were treated 

on the sticky-surface concentrator, allowing each sample two passes 
through the machine to give a tailing and rougher concentrate. The 
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concentl'ate in each case was cleaned by re tr ea tmen t f'r om which the 
cleaner tail was again retreated to produce a small amount of' 
concentrate and tailing. In this way a f'inal concentrate and 
tailing were mD.de f'rom each f'raction. 

The fine dust cannot be treated satisf'actorily on the machine 
but it is considered that in any treatment scheme provision would 
have to be made for the leaching of' such dust so that its uranium 
content is regarded as recoverable. 

The results of these concentration tests are shown in Table II. 
The overall recovery shown is 78% of the uranium in a concentrate 
assaying 2.8% u3o8• However~ the plus 30 mesh fraction could be . 
·treated better oy differential grinding by which we could reasonably 
expect to recover at least 80% of' the uranium in a grade of about 
0•7% U308 and this after separation into sized f'ractions should. 
yield a recovery of about 80}b of its uranium or 64% of' the uranimn 
in the original plus 30 mesh. With this modif'ication of' the 
treatment the tndicated overall recovery is about 85% of ~he total 
uranitjm in 

Table II 

-- -concentrate Analysis ~ U.iQ.s Recovery of' U~OR CJb 
Fraction Weight Weight % Feed Concen- In In 

of' f'raction trate f'raction total 
Plus 30 

mesh 54.8 8.8 0.21 1. 01 42 5. "5 

30/60 17. 5 17.4 o. 71 2.47 61 8.3 ·-
60/100 8.4 ~--22· 1 11·39 3~72 78 10.1 
Minus 100 

(sand) 6.1 'l'l.O 2o 41 4 .. 41 60 9'! 7 
Dust 13. 2 100.9 3~08 3~ Q!3 . . 100 44.7 

···-= - - - -· 
Compos-

I ite 100.0 25.4 Oo 91 2 .. 80 78.1 
4;~a;: -·-·~ ' 

.,,... -- -
a grade of' about 2/9% U308• A :f'urther improvement in recovery with 
little loss in grade could be made if' the minus 100 mesh f'raction was 
added to the other concentrates without treatment. 

b. Test B. 

-

This test was made on the minus 20 mesh material resulting f'rom 
the dif'f'erential grinding tests described under series A in report 
No. 148B. The complete ·test was theref'ore roughly equivalent to the 
:f'ollowing:-

. The 01·iginal sample assaying o. 28% u~o8 was crushed to minus 
and screened on 20 mesh. The plus 20 mesh was then concentrated by 
dif'f'erential grinding and the :rines f'rom the grinding added to the 
original minus 20 mesh thus producing two products, a coarse tailing 
an enriched sample f'or f'urther treatment. The distribution of' 
uranium and grade . of' these products is shown in Table III. 
Table III 
.f.-

Sample Distribution of' U30e 

.£11 
8 

and 

Weight %~-·-% 
% __ ....._ . ----·-----

coarse Tailing 48 .06 . 
Enriched Head 52 • 48 
Original Head 100 • 28 . 100 ________ ,.:::;...;:: ________ _ 



The enriched head sample was then screened into f.'radtions and the 
fi. ne dust removed by treatment in the Federal dust classifier. The 
screen analysis of.' these f'ractions is shown in Table IV. It will be 
noted that the percentage· of' dust in this case is much less than in 
test A. Th~,reason f'or this is that the sample f'or test A was 

.crushed to mitius 12 mesh bef'ore screening whereas in this test the 
sample was only crushed to i 11 • · 

The f'irst f'our f'raction were then treated on the laboratory 
concentrator ib- a similar manner t.o tliat described under tes;t A. The 
fine dust ~~s.·6ot treated but it is iddluded as portion of' the final 
composite condentrate. 

Table V ~hows a concentrate grade of' 1 .1 % U308 and an bverall 
recovery of 71%,based on the enriched head. The complete test 
consisting of' 4if'f'erential grinding and screening followed by sticky­
surf'ace concentration of' the fines shows a recovery of' 63% of' the 
uranium :from a sample containing o.28%U308• The weight of' 
concentrate obtained was 15% of'· the original weight while the grade of' 
concentrate was 1.1% U308• 

3 SUMMARY. 

1. Some f'urther tests on the laborato~y sticky-surface ·concentrator 
have shown that recoveries of' 60 - 70% df' the uranium can be obtained 
with a concentrate 2 or 3 times the grade of the f'eed. 

2. When tre;~ing a low grade feed a preliminary enrichment. should 
be made by dif '.;rential grinding and screening. sticky-surf'ace 
concentration of' this enriched material should then give a f'ihal 
concentrate grade, 4 or 5 times that of' the original feed. 

Table IV. 

r Fraction 

__..._. - '" -- - Dum.% -
Weight Cum. Weight % % Di st.ributi on Distribution 

%, % U30a U308 of u3.o~---- -- .. 
-· --- ----Plus 30 

mesh 13. 7 _i"J.J__ ___ .~Q. 27 .. 7. 6 --· _7 • .§_ ___ 
30/(;;o. -l 28.0 41. 7 0.45 __ ____ 26_!_1 _____ _3..)_J. 

60/100 
.. 

o.64 56.6 17. 3 2,2.0 __ ,_ 22 -2---~---·- ~----- .. 
Minus 100 

(sand} ~ 84.2 0.42 21. 9 78.5 

Dust 15. 8 1qo.o o.66 21. 5 100.0 ... ·--· 
·.cable v. 

.. -- or u"J;QB % We1gh't Concentrate Analysis % U3ua Recovery 
Fraction % Weight % of' Head concen- I In In 

--- Fraction t:ate~· IF~a:tion Total 
Plus 30 ... 

• 27 1 .. 31 6 5. 3 mesh 1 '3. 7 14.1 
30/60 28.0 __ 13. 9 ··-. 4:?~-- --~J-!.9t! - _6Q. _____ 1. 5~ 6 
60/100 17 ._.3 21.1 64 2.02 66 15.1 . - ------ --·-Minus 100 

.42 .. _L 63 1,2. 8 (Sand) 2.?. 2 1 ~.h 2 1. "?2,7 • 
Dust 15. 8 1 Q_O,,_O __ ·tt .66 

100 21. '3 - --__gomposite 100.0 I 30.1 • 48 ___1.!..14 _ z1.2 
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3 • Asstliriing _that th.e fine .dust can be ~a.tis:f"actori:Ly--J;e~b.ed~ 
teats have indicated th.at wh.en treating a i;>am,Ple containing: 9~ 
U305; a combined process of d~f':t'erent:j.al grinding and screening 
:f'Ollowed by sticky-surface concentration qf the material in the 
30 -100 mesh size range should give a concentrate containing 
about 31~ u3oa with a recovery of 85%. 

• • 

• 
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1. GENERAL 

This report describes some f'urther work on the concen­
tration of' Mt. Painter Uranium ores and gives a general summary 
of' the results of! the inve'stigations on these ores. 

2 • DESCRIPTION OF THE STICKY-SURFACE CONCENTRI.TING MACHINE. 

~inoe the previous report on Mt. Painter ores was 
issued .f r·u!u this laboratory a larger s ticky-surf'ace concentra t­
ing machine has been built similar in principle to the earlier 
laboratory model described in the first report. The more 
recent machine has a steel cylinder 24 inches diameter and 36 
inches lohg while the cylinder of th0 first machine was of glass, 
12 inches diameter and 16 inches lohg. · 

The arrangement of the oil sprays and the wiper for 
removing the concentrate is similar to that used on the earlier 
machine. 

· 3. DETAILS OF TESTS. 

Tests ·carried out on the 1a rge laboratory machine were 
intended to imitate as f'ar as possible actual operating conditions. 
The scheme of treatment followed was similar to that described 
in Report No. 148D. 

a. Test .A,. was made on a sample of' hand picked ore f'rom the 
50 foot level v1inze No. 6 workings. This was a sample of the 
same parcel o:f ore as was used :for test A~ report No. 148 D, 
but in this case the sample was concentrated by dii'ferential 
grinding be:fore treating on the sticky-surface concentrator. 
The sample was crushed minus ~ inch and screened on 30 mesh. 
The plus 30 mesh :fraction was then treated by grinding it in 
2,500 gram lots f'or 20 minutes with 3,000 grnms oi' ~" xi" slugs 
as described in the earlier reports. The ground material 
wns screened again on 30 mesh and the plus 30 mesh fraction was 
set aside as the coarse tailingo The combined minus 30 mesh 
material vrns then divided into three parts by screening and 
· trea t:ment .:..r1 the laboratory Federal Dust Classif'ier. The 
weights o.L· these i'ractions, their uranium contEmt and the dis":" 
tribution of' uranium is shown in Table I~ 
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Table Il 

,. ,. 

Ft'notion Weight ,76 % Distribution 
% . U309 or U309 

Plus 30 inesh 74.8 6.13 10.7 
30/60 " 9,.3 1~35 13.9 

Minus 6b mesh sand s.a 21.841 27.6 
Dust 7.1 ~'98 i 4'7.0 

\·,. ' 

! 
com pc . t te · Sample 0~911 

. . i 

· The two :fractions, 30/60 me sh and minus 60 me sh· sand, 
were treated in the large scale laboro. tory sticky-sur.face concen­
trating machine described earlier in.this report. The rates 
of treatment were 140 and 100 lb./hr4 respectively, these rates 
being approximatel.y seven times the rates used on the smaller 
scale machine .for similnr material. ::i:;t appears f'rom these rew 
.figures that with similar machines, the capacity would be prop­
ortional to a power or the diameter Q2tween 2 and 3. If this 
relation were maintained in larger sizes it would not be 
difficult to obtain sufficient capacity for a plant size unit. 
Because of the relatively high head values in this partidUlar 
sampl~, each fraction was given one pass only through the machine, 
producing a concentrate and tailing. The results of these con­
Qentration tests are shovrn in detail in Tables 2 and 3. 

Table II. concentration of 30/66 mesh fraction. 
... 

I I 
Weight % % U30a % Di stribut1oh 

of' U3D8 
' 

concentrate 26.4 3968 72 
Tailing 73.6 0~51 28 
Head - 1.35 .. 

Te.b1e :::.Ir. Concentration o.f minus 60 mesh sand .fraction. 

I Weight % % U30a % Distribution--i 
of U30a 

Conoeri tra te 40.5 4.56 65 
Tailing 59.5 1.67 35 
Head -· 2.84 -

Table 4.ahowa the uranium oonterit and distribution of' uranium 
in the !'our princi.pnl· products . .from the complete test. 
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Table IV 

Product 

coarse Tailing (.from diff'erentfal 
grinding.) 

Sand Tailing (from concentrator) 

Sand concentrnte (from concen­
trator) 

Fine Dust 

Original Head 

Weight% 

74.B 

:.l~. 0 

6.1 

'7 .1. 

I % U309 I ~ Distribut-
ion of U30s 

0.13 ,10.7 

1.01 13.6 

4.20 27.9 

6.08 47.8 

l 0.91 

L. Test B was made on a sample of or e from No. 5 Lode, East Painter, 
'..iSsa.ying 0.17% U30a. This grade is much lower than that of the sample 
used in Test A but the same scheme of treatment was followed, 1.e. 
crushing to minus ~II,, screening on 30 me sh, dif'f'erentiv.l grinding · 0£ 
the oversize 1 . separation of the minus 30 mesh into three fractions and 
treatment of the two coarser fractions by the sticky-surface concen-
trator. Table 5 shows the distribution of' the uranium in the sample 
after diff'Srential grinding.. · 

Table v. 

! . l I 
j Fraction W8ight I % I % Distribution 

% . U30s I of U30s 

l 
Plus 30 mesh 70.2 0.05 20.6 

30/60 II 7.8 0.32 14.7 
Minus 60 mesh sand 10.6 I o.48 29. 9 
Dust 11.4 I o.s2 34.8 

Composite Srunple 100.0 
f 

o.17 I 
The results of the concentration tests are shown in Tables 6 and 7, 

while Table 8 shows the overnll result of differential grinding and 
concentration. 

Table VI~. - Concentration of' 30/60 mesh fraction. 

I I \"Jeight % % U309 % Distribution 

I 
of' U309 

concentrate 12.5 1.57 61 
Tailing 87.5 0.14 39 
Head o.32 

Tab le vrr. - concen tra ti on of' minus 60 mesh sand. 

- I 

Weight % % U309 I % Distribution 
of' U~Oa 

conoe:p.tro. te 14 •. 8 2.10 65 
Tailing 85.2- 0.20 35 
Head o.48 

I 
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Table VIII. 

Product Weight % % U309. % Dis tributi6n 
of U309 

coarse tailing (.from di.f.f'erential 
gr1nd1ng). 70.2 o.o5 20.6 

Sand tailing (from concentrator) 15.4 O~l7 is .a 
Sand concentrate (from cone en-

trator) 3.0 1.50 28.8 

Fine Dust 11.4 0.52 34~8 

Original Head o.17 

The results of the tv10 tests quoted above show that the 
work done by the larger laboratory machine is comparable with that 
previously done on th~ small laboratory machine. Variations may 
be attributed to the different types of ore and to minor features 
of operation hut broadly speaking it is believed that the results 
obtained on ·~ te smaller machine and detailed in earlier reports 
could be reproduced on a inuch larger scale m~chine. 

( 
4. GENERAL SUMMARY OF CONCENTRATION PROCESSES . · TESTED ON MT.PAINTER ORES • 

a• INTRODUCTION. 
Throughout this investigation the question of water 

supply for n treatment plant has been regarded as important and 
emphasis has been placed on the desirability of' using· dry concen­
tration processes if possible~ 

rt is believed that the ultimate stage ot' uranium reuovery 
must be a leaching process and the question to be dec1'led is whether 
the ore should be leached directly or concentrated prior to leaching. 
Wet concentration prior to leaching would involve a water consumption 
at least equal to a direct leaching process, but would mean a saving 
in the cost of' acid which would he ve to of'fse t the lower overall re­
covery.. Dry concentration on the other hand would mean less leach­
ing capacity and correspondingly lower acid and water consumption. 

b. CONCENTRATION PROCESSES. 

{l) Wet processes of Conoentm.tion. Jigging, tabling and 
classification have been tried but show no chance of' successful 
application. Flotation has also been tried and although tests 
gave indication that the uranium min~rals would respond to certain 
reagents, the variable nature of the gangue and the tendency o:r · 
the minerals to slime ao readily would create dif'ficult problems in 
oper1:1tion. . It was the·re.fore not considered worth following 
f'urther sincr.· o. high recovery and high grade of concentrate would 
be necessary 1'or the process to posse::?.s any great advantage over 
direct leaching. · 

(~) Dry Processes of' concentration. :Magnetic concentration 
has been teated o.nd sh9wed encouraging results on some types of ore:a 
while ori others no o.ppreciabl6 amount of gangue could be taken out 
magneti'cally ! . These di.f.f~renoes ure due to the wide variation in 
the type of' gangue wit:q whi~h the uranium minerals o.re associated. 

D1f'fer~:nt1a;L gninding of minus i inch ore has been .found 
to give a. usef'ul con~en·tra ti on of the valuable minerals in the f'ines 
and it is suggeE',!'l;;E;id thht any treatment scheme should incor>porate 
this process,.· ~i its-use an, ore containing about 25 per cent U309 
can be enric~eq. 40 a.bout o.7 per p<.mt U309 with ti recovery of from 
80 - 90 per cent• ··In. so doing nbau·t two-thirds of the ore is · 
rejected .es a cqrit-sc} low-:ograde tailing. 

r . . -

• 
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A considerable runount of' test work has been carried 
out on a process 0£ sticky-surf'ace concentration on the inside 
surface of' a revo1v·1ng cylinder and the results achieved in the 
laboratory indicate that such a process could be applied on a 
larger scale and made part of' a general dry-treatment. scheme. 
The process has been used on sandy material in the size range 
£rom 30 down to 200 mesh and within .this range, recoveries of' f'rom 
65 - 70 per cent have been ~obtained with an enrichment of about 5 
times in the grade of' product. Details of the process can.be. 
f'ound in this and earlier reports. 

o. CONCLUSION. 
since dry concentration by dif'f'erential grinding and 

screening is so simple it is recommended that it should be part 
of the general treatment scheme. rt has the advantage of' rejecting 
about twothirds of' the ore as a low-grade coarse tailing with 
correspondingly lower consumption of' acid and water and richer 
solutions tc be handled. Since the concentrated product to be 
leached v101Ji_ be all minus 30 mesh, an agitation leach would be 
required in J:Jlace of' the percolation leach which could be U:sed i'dr 
a direct leaching process but any increase in capital cost should 
be largely orrset by the increased extraction possible by agitation 
leaching of f'ine mat~riol. 
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1. SYNOP13IS. 

The work dealt with in this report was carried out at the request.of 
Mr. S. B. Dickinson, Director o:f Pines, Sou"th Australia. It was 
restricted to testing by electrostatic methods, ore samples from Mt. 
Pinter and East Mt. Painter. It was found that magnetic treat~ent gave a · 
useful preliminary concentration of at least one sample examined by re­
jecting ironstone giving enriched siliceous material for the electrostatic 
treatment, therefore magnetic work was also carried out when it was 
required. 

Most of the electrostatic work was carried out by courtesy of the 
Titanium Alloys Han uf'acturi ng Co. at their' ~l.1weed Heads, N. S. vr. plant 
and thpough the kindly co-operation of Mr. W. H. Derrick, the company's 
Nianager. Preliminary arrangements f'or thi3 work were made by Mr. J. 
Malcolm Newman, Controller of 1'1it'}ernls Production, to whom thanks are 
due. The con di ti ons there were not good f'or• test work of this type, 
the machines were not shielded, at times therefore windy weather upset 
the operation. Certain other dif'f'iculties also arose which could not 
be· rectified conveniently either by the company or the laboratory staff. 
Therefore, at a late stage, laboratory electrostatic equipment was 
constructed. 

The work failed to solve the problem of' concentrating the uranium 
minerals :from the Mt. Painter ores. At its best, it gave an indication 
that en suitably sized material a partial, but not satisfactory con­
centration of the uranium minerals was obtainable. 

2. MINERAGRAPHIC WORK. 

Mineragraphic work on the Mount.Painter ores is described in 
Dr.·F. L. Stillwell's mineragraphic_report No. 315 of 30th October, 1944. 
The uranium-bearing minerals mentioned sre autunite, torbenite, meta­
torbenite, uranophane, dewindtite, f'ergusonite and an unidentified 
silicate. The chief uranium bearing minerals present in the ore samples 
tested were torbenite (Cu 0.2 uo3~p205.H2o) and meta-torbenite (cuo.2 U03. 
P205-8H20) with some autunite (Ca.02 U03.P205.10H20). The chief' gangue 
minerals present were quartz and limenite. · 

The sieves mentioned in this report a~e of' the British Standard 
Sieve Series. No responsibility is taken. for the results given exdept 
in so f'2r as they apply to the samples tested. · 

4. NOJES ON_}'HE EI.ECT;ROSJ.'A'.J:'IC J4~THQ_J2 _ __jJ_~J2 • 

.All of the work was. carried out on a Sutton steel and Steele type 
separator. In this type of separator a 6 inch brass roll, :forming the 
earthed electrode, is rotated at relatively high speed (100-500 R.P.M.) 
and fed with the mineral particles on a line just behind the top ~enter o:f 
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the roll. Th~ mineral particles are heated before being fed t~ the 
machines feed hopper and to pr~vent chilling they are also f'ed down a 
heated chute to the roll. A single stainless stee;J_ wire running the 
length of' the roll is

1 
used as the main electrode. · This. is located some 

2 to 4 inches f'rom the roll at a position of' app~oximately 1 o'clock at 
the clockwise end. A neon tube electrode 9 in series with the wire, is 
located at 3 o'clock. 

While tne foregoing electrode arrangement was used for most of' 
the test work, it was found that the .neon tube electrode was not 
necessary, An exactly similar result was obtained by using a wire 
in place of' the neon tube. Even better results were secured by 
using wire electrodes at 1, 2, 3 and 4 o'clock. 

High voltage smoothed direct current was(supplied by a tube type 
rectifier with smoothing chokes. rt was f'ound that the most satisfactory 
separation of' the torbenite was obtained by using a positiv~ to earth 
feed roller. Fairly high voltage (25 to JO KV) then held the quartz 
to the roller 01• diverted it away f'rom the separating electrodes, while 
torbenite plqs iron bearing quartz and residual hematite lef't the roll 
towards the separating electrodes, At low voltages (10 KV?) and the 
same polarity viz. positive to earth 9 t~rbenite clings to the roll and 
is removed by the wiper while quartz merely impinges on the roll and 
is thrown of'f' to the front. The wiper is situated at ·a position approxi-
mating to 8 o'clock. These are only tendencies on the parts of' the 
minerals named, there. is no sharp separation between them, and to get any 
reasonably successful separation repeated treatment must be given to the 
products. 

5. M!:,.. PAINTER SAMPLE. 

a. Prepsrati on at~SJ. Si.zing. 

The sample of' ore used in the f'irst test series came f'rom No. 6 
Workings, Mt. Painter. rt contained a very high proportion of' i~on 
oxide gangue. The whole sample (2 cwt.) was crushed through a jaw 

•
crueher and rolls in closed circuit with a 10 mesh screen (aperture 

· - • 0660 inch) until all the sample passed the screen. It was then sized 
wet and dry on a range of screens from 14 to 100 mesh~ Minus 100 mesh 
material was separated by an hydraulic classifier into coarse and fine 
fractions. Table ·1 shows a sizing analysis of'' the products obtained 
in the crushing and sizing. The results confirm those obtained elsewhere 
that the torbenite preferentially curshes to the finer sizes. The 
classified minus 100 mesh fines sized 99.2% minus 300 mesh 9 this is the 
highest grade fraction and was rejected as too f'ine f'or the dry processing 
proposed as the· next 'b:>eatment step. This rejection of' slime is accompanied 
by the loss of' 23.6% of' the U308 content of' the ore. 

Table 1 

I Bs A pert urei 

rri ~~- :2c~fi-- J w~tgt 
1 s I . o 33 6 1 4. 6 
25 .0236 12.75 
36 l . 0166 I 7. 65 

II: ~~ l : g6~~ . t ~5 
+ 100 .0060 5.65 

I
-100 Coarse 9.25 
- 100 Pine 9.15 
Composite 1 oo. O 

·--·-· --·----!------------

Assay % 
o.1 7 
0.1 9 
0.27 
o. 31 
0.37 
o.48. 
0.56 
0.52 
o. 91 
0.352 

_ U30s _ --1 
~---Distrtbution.Jr_ 

3.5 
8.1 ! 
9~7 
6.75 
6.4 
9.25 
9.0 

13. 75 
23.6 

100.0 

The composite head value of' the sample was 0.35% of' U305. 
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b •. Magnetic treatment. 

All or the sized fractions excent the - ~00 mesh fines were 
treated on the magnet~c separator f'or removal of' the f'erruginous gangue; 
the results are shown in table 2. 

In the fractions coarser thari 52 mesh magnetic recoveries are 
lower than in the f'iner fractions. Rejections of' magnetic material 
ranges around 80% at all sizeso Composite torbenite quartz particles 
were observed in the coarser non magnetic fractions (+14 to +36), this 
showed that liberation was not complete at the coa~ser sizes. The 
f'ollowing tabulations show the overall 

r­
Product }~--;~- -f·-=-----:- 1L30a ----- _ -/ % Weight --

1" · " ~ Dist. -3 in each each 
·---------~ ~.....,,,.. ..,..~-s sa'.\.~- .12.:!: st§ % . f'ra c. ti on f'ra ct ion 

l
a9 .• r i 0,,.4 7. 3 ~05 76.4 
' 8. 3 I 00 24 I 5~ 66 4~_~_9!5 29. 6 

+T4Mag 
" Non 

+18 Mag 
II Non 

+25 Mag 
II Non 

+36 Mag 
II Non 

+52 Mag 
"· Non 

+ 72 Mag 
" Non 

+100 .Mag 

~
~ 1 • 7 j 0" 1 4 l+. 6 5 5 7 0 4 80. 2 

2o 89 1' O. 42 3~ 45 L~2,, 6 1 9. 8 
o. 4 7 I o., 1 5 4o 46 -·--Iib-:-·r---- .--"132--;cr--

1
1 2. 3 I o. 80 I 5. 22 -- 5,2_~ 9 18.0 ---

6. 35 ! 0, 16 2o 88 42 0 95 · 83. 0 

I' 1. 30 I 1 ~ 04 3~ 8L~ 57. 05 17.0 
I Lf, 97 I o. 1 5 2. 1 2 330 0 81. 5 

I
' 5, 3 O~ 13 I ·L 96 I --21., 1 5 77. 5 

· 1 1.. 55 1e66 I 7. ~1 L-~··,s5 22. 5 I 
• " Non I -1 oo coarse 

I ·1. ~ 41· 1. 33 4" 30 67,, o 1 8. 5 

I 4. 6·i O~ 20 I 2, o2 L 2Slc ·1 5 I 81. 8 
! 1.02. ~.20 i 6.37 70.85 -i- 18.2 

Mag j 7~ 36 . . o. ·19 I 397 1 --. -2Ec··9- I 79. 6 l 

• 

I 
" ,. 

-100 Fines Non I k ~~ ~L_Q:_.~J l ~~~;-~ j----1_06-~~-~i . ·--~~---
results of' the treatment s nd the recoveries of' u3os obtainable by 
rejecting various products. 

.'.!'.ab;!-_~ 

Overall:_~~gnetic Results 

------------j--·--...... u__,,.o ______ _ 
d t J ,,,._,.~1- +A- c; .--·t--~-Pro uc . ,·;c: u, + ssay o _;Q!.§__J].!...~ 

-, 11 MagneTics-1,-··10. L~8L0:15 30. 5 
11 Non Mag. 20.39 0.79 45.92 

, 1 00 Fi n_e s _ _J __ .9._1 3 0. 9_!__--i-___ ?::2::.2.§.... I 
...;Tal_?le __ ~ 

The minus 100 mesh :finc:s was not amenable to magnetic treatment, 
it was f'ar too f'ine and dusty. It is certain that such a product will 
not be amenable to electrostatic treatment, it must therefore be r~­
jected. The recovery then f'or the magnetic treatment at the minus 100 
mesh sizing is Li.5. 9r~ of' the total u3o8 . . If' the ore had been crushed to 
the liberation point~ m:> ony to -· 35 mesh at which sizing composites 
would be absent the additionRl slime loss would probably cancel any 
f'urther recovery in the non magnetics. 
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c. Electrostatic treat~~nt of _g_pn~m£_gnetics. 

Jviost of the electrostctic work was carried out under the 
f'ollowin~ conditions: 

Temperature of feed 
6 11 roller, R.P.M. 
Earth polarity 
Separating electrode 
Voltage 

1 80°F. 
240 
positive 
negative 
30,000? (approx.) 

The voltages gu ote d throughout are not really kn own accurately. 
The only exact measurement was made with an elec.trostatic voltmeter 
reading to 12 KV which was about the lowest range of the rectifier· 
used. Voltages above this were calculated, the celculation being 
based on the input voltage to the HT transformer. This input voltage 
was controlled from a small ~uto transformer with numerous tappings. 

The first series of elec.trostatic tests are shown in table 5. 
Plus 1L1 mesh material was too coarse for any satisfactory separation 
to be obtained, this also applied to plus 18 mesh material, howev~r, 
in the latter case the testing was completed so that the rssults· 
could be recorded. P.11 testing was carried out on the non magnetic 
fractions shown _in table 2. The samples were split by the electro­
static treatment into "concentrates 11 , that is 1 the t OPbeni te product 
thrown f'orwcrd towards the separating electrodes 1 

11 tailings 11
9 the 

product pinned to the roll and carried around until it dropped off or 
was removed by the wiper. "Ei ddli ngs 11 is the product dropping between 
the concentrates and ta~lings., In some cases ~everal concentrate 
products were taken to see if' really high grade t orbeni te concentrate 
could be ffiLected. The "first cut 11 concentrate was always that -portion 
furthest from the roll, 

Tab~ 

Electrostati c~arat ion ~..£LN~gnet!c Product~· 

l~~~ ... :::...___:;;~..;;;~_;~~~::;.t;:.e=de- Product ---'f Wt. -t -::-~Y % u 3f~ Di st n. % I 
l + 18 Non Concentrate 131.8 , I 0.,_54 i 33.9 I 
I 1 Middling 1 66~ 3 , o. 49 1 64. 2 
I ! Tailing I 1.9 I On50 I 1.9 , 
-1-f---------· -L Composite 100._ t ___ _9-!:..5?§-l- 100. i 

+ 25 Non ! C?nce~trate 121.1 ---,-- 1~77 wl 5?.05 I 
) 2 ~- Middling 132~55 1 0.49 21.4 I 

Tailing ~46.35 ! Oou6 28.55 
+-----___,,,..,._...,...,....- ___ co~~ site____ oq.!.. __ ! ____ 01.:·1-:-48_§_ 1 oo. 3--' 

+ 36 Non Concentrate I • 5 I • LJ- 3. I 

I
. 3 Middling 1 26.4J o. 53 : 12. 2 1 

I 
Tailing I 9~1 0.57 !' 4.5 ' 

I Composite . 400. ·. 1.146 100. 
1----+-5,_.2._N_o_n_--+;- C?nce~-frate--1-22:0 ,-----.-2:4·a--r- 50. 7 
I 4 I Middling I 7.3 '. 1.45 I 9.85 
I ~Tailing t 70. 7 i o.6 i 39.4 
i-.- Composite U 00. +- ·1,. 07 11 100. 
l + 72 · Concentrate ! 1 O. 2 3. 03 21. 3 I' 
i 5 It Middling j 22~ 4 I 2. 51 38. 8 
I Tailing ~67.4 I o.86 39.9 I 
r·----+--.-1 oo--·-1·- g ~~~ ~~~ ~: t e"T8t emf· 

0&:o-·-l ·-------k-~fr---- .-----~J.2~:·7·----
1 I Non : c~:mce:itrat e :d:ld 11 I' 1 8. 55 , ~· 1+4 43. 5 I 

! 6 j Middlings 1 3. 5 ::>. 09 9. 4 
i 1 Tailings I 75. 95 .· 1, 01 l+O. 5 I 
~ 100 -+--§-~~~~~~-~~te-·- 11 ?~: 2--r----,--k-&9._5.-i ______ .:1_~7:4-··-

7 Coarse I Middling l12.1 I 2.96 I 17.0 
:::::on ·1 Tailing · 75.7 , i.82 , 65.6 

Composite , 00. i . 2.1 O_J_ __ ~J.9~-----·.J ---··------ --·~~-------------·- --~--------.--·---~-· 
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In general it may be said that th~ electrostatic work is 
unsatisfactory;_ while some concentration of uranium has certainly 
taken place it is accompanied by serious losses •. The highest grade 
uranium bearing product in the above test series contained 6.3% of' 
U30a. The result are best on the plus 72 and plus 100 f'ractions 
wfiere recoveries in concentrates and middling products range around 
60% of the uranium content of' electrostatic feed. At coarser sizes 
similar recoveries were obtained but the lower grade electrostatic 
f'eed at such sizings is reflected in lower grade concentrat'es •. l:1t 
~lus 18 mesh the work has broken down altogether and there is pract~ 
ically no dif'ferenoe in grade between concentrate, middling and 
tailing. The work ha~ also failed on the minus 100 mesh coa~se 
:fraction. 

The plus 52 plus 72 and minus 100 mesh coarse tnilings produced 
in the work shown in table 5 were retreated several times on the 
electrostatic roll to s~e whether any further concentration of 
torbenite was obtainable. The results are shown in table 6. 

Table 6 ------
Retreatme nt af electro~t atic_laili_ngs 

In the case of' the two coarser fractions the retreatment 
·has concentrated appreciable addi t·ional uranium mineral. In the . 
case of the minus 100 mesh product as formerly, no useful concentration 
of' uranium has taken place. The +72 mesh treatment gave a special 
concentrate containing 25% of u3oa. This material was collected a 
considerable distance in front of the roller, it represents only 4.6% 
of' the uranium content of the material :fed to the ~oll~ it indicates 
however, that it is possible to produce some high grade uranium 
concentrate by the electrostatic method. Table 7 following shows the 
overall recovery from the + 52 and + 72 fractions by the technique of 
repeated electrostatic treatment. -

Table 7 
R_eEeat~d elec~-~ostatic ___ tre ptment 

l Test . ~ H --~·-·-·---··ratro· of 
I__ No .. _ _pr~~u~7 ______ o_J1'{t._ ----Assay % · Distn. °'fi ____ onc_e_ntration 
1 Con Test '+ . 22. OT 2:-4'B1 .• 05 · - --------

1
4& 

1

, Mids " I 7.3 37.L~ 1 1.45)2.441 9.35 80.2 . 
cons & Mids Test8 8.1 13.2) 22.8 ; 2.66 

8 Tails Test 8 462.6 t 0.36 J 19. 8 i 
+52 Co~osi te oo. 1.1.36 1 oo. 

1

1 

--+-C_,_o_n s Te st 5 1 0. 2r- 37bff . -21:7-~ ---------
15 Mids " !22.4 37.8 2.51 2.86 _)9.5 75.951 
1 & Spec.cons·Test 9 •.1 25.0 1.75 2.65 
l 9 r.Jids Test 9 5.1 I 3.6 12. 95 

1
+72 Ii Tails Test 9 62.2 0.55 24.05 

...!.. ____ cotlll?osi i!_e OQ_. I 1. 42· 1 . .;:.o...;.o..::..•-------·----
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In the case of the plus 52 mesh electrostatic feed the 
recovery i ·s 80. 2% of the uranium in a 37. 4% concentrate by weight 
containing 2. 44% of U~OR• Mi nus 52 pl us 72 mesh feed gave 767s re­
covery in a similar bulR and grade of concentrate. 

1£2..0ver~ll magnetic-electro~tatic recoveries. 

Table 8 following shows the overall recoveries obtained by 
magnetic and electrostatic treatment on those products deemed suitable 
for treatment, that is, finer than 25 mesh. The indicators are that 
composite~ exist in coarser material and finer grinding is required 
to secure satisfactory liber.ation. · 

Table 8 

Magnetic-electrostatic treatment 

r 
. · 1 · · ·· 1---r;v1-r.--rtu3031uJ08 ijf~o8 content I Ratio 

. Fractio~-~~oduct_. -4 Fract1~=~~--~~gi_ I Dfstn ~~11 _:eje~ts I ~~_Q.£:_ 

t Map; Reject 83. 0 6. 35 I 0.16 /40. 5ieed c. ontent j 
36 Elect Reject 5. 95 . O. 44-f6 O. 54 9. 9 0.186 • . 9. 0 
. Concentrate 11.05 0.84 1.48 49.6 0.33 
-. -- Mae; Reject- r. l+.97 o.15Db:E- ----r---

+ 52 Elect Reject 11. 65 O. 71 I . O. 36 I 12. 6 ·· o. 179 14. 7 
Concentrate . 6. 9 . o. 42 2. 45 50. 6 . o. 33 ------
Mag Rejec 77. 5.3 o. 3 23.'b -

+ 72 i:Clect Rejectj 14.0 0.96 0.55 18.o 0.194 )1.3 
Concentrate 8. 6 o. 59 2. 87 58. 4 · 0 1-1-3 I 

- 100 Mas; Reject 79. 7 7. 3 0:-19 27:75 -· ---1-----
Coarse Elect Reject 15.0 1.39 1.56 43.0 · 0.407 J .18.0 I 

______ _,,_..;....C~ntr.site 5. 3__J_-2..J:~9 2. 99 29. 25 -__ 0-_22._ __ -~ 

Since the above fractions contain only sb~ut 45% of the 
uranium content of the orieinal curshed and sized ore, the overall 
recovery represented by them is only around 20% of' that in the ore. 

If' the ore had been a.rushed to minus 25 mesh-instead of' minus 
10 mesh thus eliminating the untreo.table plus 25 mesh fractions; am.ili 
if' the uranium content so liberated had distributed itself between 
the remaining f'ractions in similar proportions to those given in table 
1; also, if the subsequent sizing, magnetic and electr~static treatment 
of.the products ga~e similar results to those quoted in table 8; then 
the overall results of' treating the ore at minus 25 mesh sizing would be 
as follows: 

A few electrostatic tests were cArried out on magne ic 
with no expectation of' successful results. The work was done'because 
of' the chance that it ·would be successf'ul and thereby all ow the magnetic 
ste~ to be eliminated. The results, recorded in table 9, were quite 
unsuccessful. · 

Ta bl~ 

Electr9static treatment of magne~~c_rej~cts. 

J c~n~!~~on-. r~i~zuc_t. T3;~~-~}~~-8 
_ ~i~~3i~/1 

I 
roll j Mi_ds · i5L~. 75 I 0.10 ; 58. 75 
30 KV ' Tails · 7. 5 I o. 16 ' 1 2. 9 

--~-------··~'-···----. --· I Comp o~_j. t _e_11_p_QL __ , _ _..__. _Q_._ 09 __ J ____ . _J_Q.Q_. ___ _ 

Mag 
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6. E1'\ ST MT. PAIFTER SAMPI!E• 

The sample o:f East Mt. Painter ore was said to be rather higher 
in grade than others tested. It proved to contain around 0.3% o:f 
U303. It appeared to be generelly similar to the sample :from No. 6 
worKings except that the proportion of iron oxide gangue was very much 
1 ower. 

E-• P:r_:~§_£at_i on o~ samJ21._es. 

In view o:f the evidence obtained on the earlier sample that 
crushing to at least 25 meE!h was desirable to secure liberation, the 
sample was crushed to this sizing. It was then split into two portions. 
One half of the sample was sized wet and dry and the minus 100 mesh 
:fraction classified into coarse and :fine. The other half of the sample 
was split by an hydraulic classifier into several spigot products and 
an overflow. These different methods of treatment were adopted to 
determine whether the elec.trostatic method of separation operated better 
on sized or classified :feed. Table 10 shows the distribution of uranium 
throughout the sized products whilst Table 11 gives similar results :for 
the classified products. 

Table 1G 

. ' ' . r BS-----; Aperture-;--~-T·-----;-----, 
l Sc_reen ~ incf1~.~ ! Wt. ! Assa15 ~- -~-Dis~E!.!__Ji_\ 
( +36 ; .0166 ! 21.45 '· 0.1 5 i 12.5 ' 
; +52 .• 0116 ! 15.3 ; 0.213 : 11.5 i 
l + 72 • 0083 ' 1 2. 55 ; o. 262 i 11. 6 i 
! +100 • 0060 : 9. 55 o. 327 11. 0 
1-100 coarse 21.2 0.417 31.25 
l-100 Pine 19.95 0.32 22.1 
lcompos~ te ________ _!_ O?.. O. 283 __ _!_9_~·---

Screen tests of -100 mesh fractions. 

f'Bs i Aperture j &, We,ig~t 
f Screen ~ inches i.-:-100 coarse ; - 00 Fine • 
~---r- . 0041 ·~,J ·' ·---:38":-r1-------r--2:-~·-i 
;+200 ; .0030 I 11.4 ; 2.1 1 
: -200 L -·----~.__ __ !+_1±_._?_ __ , _____ ~~.!.L. __ , 

Ta bl~.!_. 
Classified £_~ti on of s amJ2l!L.::_ __ 9:_?:._s t !:_i.bu ti o n_~_:f __ ll.3.Qa 

~- i _5r ___ J___ --=-F· uff.a=----_:_-__~ 
; Product jyei~ht ___ --L-Jl§_say ~I Distn.ro; 
rSpigot 1' 2 .15· t 0.23 ! 16.65 • 
; Spigot 2 .i 1 8. 9 5 • o. 223 I 1 4. 1 l 
; Spigot 3 ! 14.5 I 0.261+ ! 12. 75 l 
t Spigot 4 ! 33.3 I 0.411 I L~5.6 
f Overf'low • 12.1 i 0.27 10.9 
LQ.9.!.~.2.§J. te: _1 oo. I . o. ~Q .. __ L. 1 oo. 
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Screen tests of spigot products. 

- Bs-- i Ape rt'ure·--------------- -----·GbVil ei slit --·~--~~-------­
screen l inches jspigot1-I sj?Ia_or·2-· ISD~ffot~_SJ2igot 4 I Overflow-: 
+ 2 .o~16 

1 
75.5 ! 67.75. 2 •. 5 ·· I o.b" . 

+72 .0083 I 15.35 ! 19.5 I 23.9 I 6.5 I 
+100 .0060 ! 6.3 ' 9.1 ; 16.1 i 14.7 
+150 .0041 ' 1.75 2.5 i 8.7 l 19.1 
+200 .0030 0.55 0.45 I 3 0 4 1 11 0 9 

-'--20._o __ ._,_~--~------_...;;.o~·-=55.,_..__ _ _,;o~.~7--. __ ..__~ ~.4 47.2 
100. 0 

As in the case of previous samples, crushing breaks down the 
torbenite more than the gangue minerals with the result that the 
torbenite segregates in the finer fractions when the crushed ore 
is creened or classified. 

b. Magnetic tre?tment. 

Tables 12 and 13 give the results of magnetic separation 
of the coarser products produced by the sizing or classification. 

Table 12 

Magnetic treatment of sized products. 

-r---- I o u o --- j % wt. --! Product 1 wt. Ass8Yr6 Distn o Distn % in each each 
· fraction fraction 

I
;:§~ -·ir~-~--------+h...,.5_:..,,~,.,.~:-+-,-· ... g:-:"""~ ..... 8 ..... --+--1-,6:-: 'I§ - · ~g= ~§ -----.--- z~: ~§ 
+52 Mag I 7.08 0.1 2. 5 21. 7 .25 

. +52 Non j 8. 22 I! 0 •. 31 9. 0 78. 3 53. f5 
: + 72 Mag I 5. 42 O. 08 1. 5 13.15 43. 5 
i + 7 2 Non ; 7. 1 3 j O. 4 1 O. 1 86. 8 5 56 • 8 5 

I
i +1 oo Mag i 3. 83 I o. 07 o. 95 'b. 6 

1
. 4o.1 

+100 Non ! 5. 72 i 0.5 , 10.05 91.4 59.9 
-100 Coarse Mag! 7.21 I 0.14 l 3.55 i 11.4 ' 34.0 I -100 Coarse Non 13. 991 O. 56 I 27. 7 ! 88. 6 . 66. O 

1 -10VJ.ne 19.95
1
1 o

0 
•• 

0
3

8
2i-¥2

3 
•• ~ ____ _r

1 
______ 100. ---·---- ·---

BulK - all Mag .2 , 1 

Sizes except Non55.8 I 0.42 86.9 / 
f'1 nes Camp . . !:i_TIH o. 27 ! 00. f-- ·. 

I AH ~)~g ~a::s 1~~? - gj~; JP __ L ______ ··----------------------··-
Table 13 

1--Produc~-M- 7£ -----r-1
1-==--- - r Vstn·;~ -inea. -3 Wt. ea.-- -. ------ . wt.,A~~-- Distn. tL-t-. fraction fraction 

got ;·.iar; 11i':35 o. 05 2.4 1 1 • 35 ·--n-;cr5---
. Spigot Non 6. 8 o. 63 . 14. 25 ! ~2-· 6_5 ______ _,..3 .... 2_ • .,,..,15 
l2 Spigot Mag 9.3 0.07 ! 2.2 

1
: 5.35 . 48.95 __ _ 

l 2 Spigot Non 9. 7 I o. 37 11. 9 · _ 84. 65 j 51. 05~--

1
3 Spigot Hag 5. 7 , 0.07 1.35 E10.45 I 39.35 
3 Spin·ot J\'on 8.8 ! 0.39 11.4 89.55 + 60.65 
4 Spigot Mag 3. 55 0.17 2. 05 4. 45 ____ +- 1 o. 7 ----

14 Spigot Non 29.75 0.44 43.6 95.55 89.3 
loverf'low 12.1 ___ 0.27 ____ 10.8_.2 , TBq. I 100. 
! Magnetics 
! ' & overf'low L1.S. 0 o. 1 25 1 8. 85 I 

1 I' All(No
0

mn I
9
,_fLa

8
- g

1
:te 55. 0 o. 1-1-43 

1
g6:15 . . 

...__ __ _.__C_12.§__ 100. O. 300 ·-------- -----· ---
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The following iron and insoluble assays were obtained on the 
various magnetic Rnd non magnetic products. 

~ ~ Pr..Q_guct ~ Fe Insol Product ~-Fe ~l 
Magnetic +36 37.6 34.6 Non Magnetic +36 1 2. 5 76. 9 

II +52 35 .. 7 36.6 II +52 6.2 87.3 
" +72 43,0 34.2 II +72 7.3 86.1 · 
" +100 37~5 33.0 II +100 7. !+ 84.8 
" -100 Coarse 36.0 36.2 " -100 Coarse 11.0 78.5 

-100 Fine 16.8 64.8 
Magnetic 1 Spigot 39.3 30. 7 II 1 Spigot 4.9 89.7 

" 2 " 3Lh 2 37. 8 II 2 5.1 89.5 
II 3 " 32o2 42.5 II 3 4.5 89.9 
" h " 32.8 L~o. 7 II 4 12. 9 74.1+ 

Overflow 17. 5 62.7 

Table 1 L~ :following, shows the iron and insoluble distribution in the 
composite magnetic snd non magnetic products. 

1'able 1~ 

-, -------------------··-------~r-- ~ssays -_Jf_ Distribution=-:%_ _ 

- MagneITcs-;-ci·ndf'Tnes--h+~r.-~2""f~.55___ 74.F- --:3b;15 
J Product I ·--t. t~~ IJnsol f Fe Insor- I 
'ized Non Magnetic i 50.~ 9. 75 81. 25 25. 2 63. 85 

1----+~"""1-ag'ne clc s-and- over·i'.LoN j 45~ 0 3 • 0 43. 05 ---r.3. 35 -30:-2--Composite J:lOO. 19.4 64.0 t 100. 100. i· 

las Non Magnetic _J 55. O 9. 2 81. 4 I 26. 65 69. 8 
'fied 100. 19.0 64.1 100. 100. _._...... ----·---·-"-- _ ... ___ ------- --~-·------

The ITBgnetic treatment on the sized material excluding fines 
has resulted in ·(;he r•ecovery of' 86.9% of' the uranium in a 55.8% by 
weight non magnetic product, VVhen the fines are also rejected the 
overall recovery in non magnetics is only 67.6%. The magnetic treat-
ment and sizing rejected 74g 8% of' the iron :from the products. 

Similar treatment on the classified fractions resulted in the 
r.ecovery of a 55% by weight non magnetics fraction containing 81.15% 
o:e the total uranium. 73. 35% of the iron was removed in the m2gnetics 
and overflow. 

The iron and insoluble contents of' the dif':ferent products show 
that, at the sizing used, there is no clean separation between 
ferruginous and silicate gangue, thB ~agnetic workp however, ha~ been 
useful in rejecting a substantial part of the iron-be0ring portion. 

c.Electrostatic treatment of non-magnetics. The electrostatic treatment 
was carried out in a r;i.ai1neP-similarto that detailed earlier with re-
peated passing of the tailings over the roll. Table 15 gives the 
results of the treatment applied to the sized fractions and to a composite 
bulk sample cnke up f'rom the sized fractfons. Table 16 gives similar 
results on the classified products. 

Table 15 

heat I- ·-·-r--- -·- -_] % ~- -----u30a--· · 
_No. Frac~i~n_L ___ __E.!'..2_duc;t_ _ _ _ ___ w~!-- _A~says % ____ 1 __ bistrr0m

0
ro-

2
n £-; 

Concentrate 1st 0.2 0.13 • 
11 2nd 4L+.2 I 0.16 43.8 

14 , +36 Mjds 21.5 
1
1 0.20 I 26.6 

l_ Tails 34.1 . 0.14 29.5 
___ 1 Q.£rri_r:i.£~-1..:.~.~---·-- 1 o c;i_. I o. 1 6 ___ J_____ 1 o_o--'-. ___ _ 
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1:.§lbl ~~.2 __ c.sm.:tg. 
~'-'.1\:isr-I. -··-~- ···- ·-,.~--·· - .. ··-· .. - ·--·-· ·--u-··%- --~···---===-:==:JT3b8·-----------~l 

L_Noi_E.!'..§.ctioE_TI -.. __ f..!OEEct __ . __ l ___ E~--t~~]§.sa~-§_~ -rnist£1bution %_! 
I Cons l 20.0 0.20 · 9.5 

15 +52 . I Mids I 27 a6 I Oo69 45.4 
I I Tails 52a4· 0~36 45.0 

1
--- ----~.Q.Q!EPOS2:te ____ t1.QO•-,. - l _ _Q.!_4:?__ _ __ 9f..!.2 __ _ 

I Cons 2.~ Oo91 '+•9 
16 +72 I Mids 6.5 j 0.46 7.4 

Tails 91c3 0.39 87.7 

11

__ ------~g~~E~2:te __ ~+1~~~--~-g:t+- 10~:4 ___ _ 
17 +100 rHds 21.0 I Ool+L~ 18.6 

I I Tails 67.6 L Oo53 72.0 r--- ____ I g~w~.9.§ it~--- .. 1 o~:-s--i ---~: g-g---~--19~-;-s-----

I 18 -100 I Mids I 4o1 Oo60 3.Lj. 
Coai-•se I Tails . J 93 .. 1 ~ o. 73 · 92.8 

l- Com~osite 100. Oo73 100. 
----- ----------~concentrate-1st --o:-ir-- -1-:27----, 2.3-.~-

19 Corn1)osite I 11 2nd 19.3 I 0.69 30.7 
I al 1 I Mids 21.i- • 5 

1 
0 o 4-4 24. 8 

I I sizes l Tails . 55.4 I · 0.33 l.i.2.1 
I COm1?0Sj.te I 100. 0.43 I 99.9 

I- ------------------------·· ---

-------------------- . ··- I 
1 Tesi- s1)igot i I .. !- .llJOa 

~ ~. _J:I~+-Pr o~uc_t ____ -r-_2 __ :fl~-A~§:0:i..5J--__ :L--- Dis tn • r 
I I Cons . I 27.9 

1 

Oo71 ~1 
37.45 

I 
20 1 I Mids : 29.4 0.53 29.45 

Tails j 42,7 Ool.i.1 33.1 
I __ _j ______ l__CC2E!!!10S2:_!~---L 100. _.Q_:o_.2)._ 10~--

I Cons I 15.1 Oo52 24.u 
21 2 1· liI ids 1 6 • 0 0 ~ 4 7 23 • 5 5 

Tails I 68.9 0.24 I 51.85 

I -L,-g~~-Fsit~--i,--J._Q~:3 -~:trg---1' ---1~~:-1 --
1 22 3 Mids 46.1 0.33 42.6 . 

L I Tails I 48.6 t- Oo26 + 35.4 I Comuosite -+ 100. 0,36 · 100. 

l
·-23--1-4--T c~ns-··~~~---- -~~:g - -g:§~--- --~~:~ -1 

I Nids · 8.6 0.33 7.2 

___ 1 ______ 1 ~~;i~~~j.t~---'-16~:5 ___ 1 __ Q_~s§ 1_g6:~_J 
All of the results in the above tabulutions 8.re very discouraging. 

The ratim of concentration are very low indeed and the grade of con-
centrates and recovery is altogethe1° too low. '11 able 17 following shciws 
the effect of a variation in the electrostatic conditions. In these 
cas~s a positively charged feed roller was used as formerly but the 
voltage was kept down in the region of 10 9 000. Under these conditions 

. gangue minerals were deflected off the front of the roll purely by the 
motion of the roll and in a position governed by its speed. At this 
voltage and polarity there is a tendency for the uranittm minerals to be 
held to the roll and removed by the wiper. Pl us 36 and ::_Jlus 52 non 
magnetic fractions wei.0 0 created in this vrny the gangue product being 
re-passed several times. In table 17 the.terminology has changed~ in 
this case concentrate refers to the uranium bearing product carried 
to the baclc of the roJ.J_ ancJ. tailing refers to the gp.ngue thrown forward 
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Table .11 
Electrostatic ~.E!:at~nt 

,-Tes~- Pr"Oduct-r:_-----------,--- - ~--i--------~Q3Da --------
_.2I.£!. !~5ated 1~~~~UB ___ 

1
1 _. __ ~~~ -~sa6~----rJ2i~i~o ·o 

24 Non Mids 9.8~ I 0.30 19.3 
Mag Tails 84.5 I 0.90 49 .65 

-t composite __J 100. 0.153 l 100. ---- - +5~ -:Cons ---- 1----1.bs-f--3."63--- ---29:1 
-25 Non I Mids I 6.05 I 0.58 17.0 

Mag Tails 92.3 0.12 53.9 
___________ co~osite __ _ioo_. __ _J_ __ o.206 ___ _ ..:.-1.QQ_. __ 

The above results are very much better than nny of' those shown 
in tables 15 aod 16. In tests 24 and 25 uranium recoveries are around 
50;·b in concentrates of 10% to 15% bulk. It would hs.ve been desirc.ble 
to carry out more testing urider the c~ditions applying to tests 24 und 
25 but unfortunately 9 :::111 origina.l ore· und sized products were exhausted. 

E_._ov~1:~.fED.,Wet~~lectrost_9_!ic~,£eatment. This has not been 
assessed for the East Painter ore as it Yms known that electrostatic 
conditions were not necessarily the optimum. For :plus 36 ond plus 
52 mesh mo.teria.l overall recoveries are as f'ol'low. 

--r /0 11----r----r1nitro0r-
_s1zel1I --~ct __ wt. AJ!snr % __ -+-_DistD.!.!jo _conc£Etray.o 

i'18.gnetic rej_ect 29-:c5'5 o.08 085 1 17.5 · 
+36 :Clectrosta~ic reject L59.9 0.09 o. , Lj.1 .05 
. ~ Cons c.nd Mids 11 .o 0.42 41 .45 7 .5 

_ Composite 99.95tt:·13 r 100. --

1 

Mngnetic Rej0ct____ Ii-b-:2"5 o.1) ~9.4 -----

1 

+52 Electrosto.tic reject I L~9.6 0.12)0• 11 38.0 
Cons and Mids 4.1 I 1.24 32.55 24.6 

I Composite 99.95 0.156 99.95 --------

7. §QMMARy. 

TvJO samples of.' ore from the Mt. Painter district v-vere exrunined. 
The first sample vms from No. 6 workings~ it contained 0.35% of U30s~ 

crushing the ore caused the UI't:\niLUn minerals to concentrate 
in the :finer sizes. 

Preliminary mc:ignetic treo. tme nt of' the crushed and sized ore 
rejected 70.5% of magnetic material containing 0.15% o:f U303, this 
represents 30.5% of the total. Crusher fines which. are too fine for 
the dry processing contained 0.91% or U30g or 23.6% of the total. 
This also would be lost in the pro::;iosed dry treatment making the over­
all crushing and magnetic loss 54.1%. 

Electrostatic treatment of' certain of the no~ magnetic products 
under the conditions detailed in the report were not very satisfactory. 
The work indicated tho.t the ore should be crushed at least as fine o.s 
25 mesh to secure adeq_uate liberation of' the uranium minerals. The 
electrostatic uork also indicated that repeated retreatment of tailings 
was necessary· in electrostatic work on this bre. The electrostatic 
recovery on the plus 52 mesh f'ractions wo.s 80. 2% in a 37 .4% concentrate 
containing 2.Li-4% of U303. Plus 72 mesh feed gave 76% recovery in a 
similar concentrate. 
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It is colculo.ted th8.t. overall r~covery of uranium by crushing 
to minus 25 mesh c.nd rejection of' lime, f'ollowed by magnetic and 
electrostutic treatment of sized fractionsp would be around 28 to 29% 
in final concentrettos containing 2% to 3% of U303. The tes.t ing a rid 
assumption on which this estimo. te is bo.sed o.re given in the re9ort. 

The second sample· of ore was from East Mt. Po.inter. It conto.ined 
e.3~-b of U30s• The so.m:9lo contnined more siliceous o.nd less fe1"ruginous 
gangue9 Testing was cnrried out on minus 25 mesh ore sylit by cl~ssi­
fica ti on and screening into various fractions. In this case eels o the 
uranium minernls concentrated in the finer fro.ctions. 

Magnetic treatment of' the sized f'ractions rejected 44.27& oi' the 
gangue assaying 0.08% U~089 a loss of 13.1%. Untreatable crusher 
fines rnised the cornpos1te re-ject assay to 0.185% U30a and 49.7% by 
weight, o. loss of 32 .4% of the U30a. Similsr treatment of clossif'ied 
products rejected 45% of' magnetics plus overflow cont8ining 0.125% of 
U30a or 18.85% of' the total. 

El ectr osta tic treatment of the non magnetic :portions was carried 
out under the conditions stated und with the results given in tables 
1 5 51 16 and 17. Under best con di ti on s electrostatic recoveries rEinged 
around 50%. 

Overall magnetic-electrostatic treatment Elyplied to the East 
Painter so.rnple recovere~ from the minus 25 plus 36 fraction a total 
41.45% of' the U~08 in an 11% product by weight nssaying 0.42% udoa. 
minus 36 plus 52 mesh material tho recovery was 32.55% in a 4.1~ 
concentrate containing 1 .24% of U308• 

8 • .Q~ US I .Qli§ • 

of 
In 

The work done on the ores was not successful in securing either 
high grade c oncontrates or high metal recoveries. Magnetic s_oparo.tion 
o.pplied to ores of the t y:pe represented by the two samples submitted 
gave a useful rejection of ferruginous gangue. Electrostatic treat­
ment$ applied to non magnetics wo.s only pnrtially successful in 
concentrnting the uranium minerals. It was felt that further 
exploratiop of electrostatic conditions could profitably be undertaken. 
However, any improvement in electrostatic conditions could only improve 
recoveries fr an that portion of the urcinium mineral not alreo.dy lost 
in magnetics and crusher fines. 
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1. SUMMARY. 

The importance of uranium as a source of atomic 
energy has stimulated an investigation in to the pos si bili ty 
Of recovering uranium from the autunite-torbernite ores of 
Mt. Painter, South Australia. 

The poor grade of the ore and its location at. a 
remote part of the State, required that every endeavour be 
made to develop some simple chemical processJI whereby the 
uranium in the ore could be concentrated, or preferably 
extracted as pure uranium compounds, at or near the mine. 
By this means, transport of large quantities of low grade 
material over di:f:ficult country would be eliminated. 

This paper deals with the development of a cyclic 
leaching process suited to the low grade ores (0.25 per 
cent U30aJ from Mt. Painter No. 6 workings. The principal 
uranium mineral is torbernite (hydrated copper uranyl · 
phosphate) which occurs in a brecciated matrix containing 
iron and manganese oxides with silica. The leaching agent 
is 5N (20 per cent) sulphuric acid and ~est results are 
obtained by leaching -1 inch ore, no preliminary concen­
tration by conventional ore-dressing methods being required. 
Uranium is recovered from leach liquors by electrolytic 
reduction, followed by precipitation with hydrofluoric or 
oxalic acid. The residual liquorsJI after separation from 
the precipitate of uran ous w::alat e or f'luoride, are used for 
leaching fresh lots of' ore. The process is suited to the 
arid conditions and remote situation of' the Mount Painter 
field, and gives overall recovery values of 65-70 per cent 
from an ore containing 0.25 per cent U308• 

2. INTRODUCTION. 

O:f the numerous methods which have been in operation 
both in this and other countries f'or processing uranium ores, 
the majority have had as their primary objective the recov­
ery of' uranium. 

Pitchblende ore such as that occurring at Great 
Bear Lake in Canada has been success:fully treated by a pro­
cess employing digestion with hydrochloric acid (1) •. 
Carnotite ores have been variously treated by leaching with 
hot hydrochloric, nitric or sulphuric acids ( 2). In some 
processes, the ore is first :fused with soda .ash while in 
others it is sintered with acid sulphate. The complex 
titaniferous ore :from Olary, South Australia, has presented 
a peculiarly difficult problem and is discussed :fully else­
where (3). Both the torberaite·and autunite ores :from 
Mount Painter h3.ve been treated commercially over a limited 
period by the South Australian Radium Corporation which 
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f'or the most part treated the ore with hot h;ydrochloric acid 
but also employed a hot solution of' sodium carbonate as the 
extracting medium (3). 

Owing to the nature of these extraction methods 
considerable amounts of iron and other impurities are dis­
solved along with the uranium and the subsequent recovery of' 
uranium therefore involves several operations and somewhat 
elaborate chemical equipment. 

In the present investigation, with ·the emphasis 
on uranium extraction, attention has been directed to those 
methods which achieve the greatest possible recovery of' 
uranium from the ore. Radium recovery has not been entirely 
disregarded, but has remained subordinate to the main problem 
of' uranium extrnction. 

The essentinl nature of the present problem was 
the extrncti on c.nd concen tro. ti on of' uranium preferably o.t the 
mine, where, under Grid conditions 2nd in o. remote situntion, 
it beccme necessc.ry to give due consideration to the assoc­
i2.ted f'nctors of limited water supply 2.nd tr2nsport f2,cilit-
ies, c-cnd the mo.inteno.nce of' chemiccl plant. With these 
f'a.ctors in mind c.ny extra.ction process h.:-cd to be c. f'?.irly 
simple one using c~ minimum of' complico.ted equipment. A 
process of selective lenching of' the uro.nium minero.1, pre­
f'erebly nt cir tempern.tures, seemed to be the ideel 9 with 
subseguent recovery of' the uranium in n menner which would 
permit recycling the leaching agent and a minimum use of' 
wnter. 

The no.ture of' the ore 8.t Mt. Painter hns been 
f'ully discussed elsewhere (4,5)- and theref'ore only a brief' 
description of the ores used in the present investigation 
will be given here. The investi gn ti ans hcwe been almost 
entirely confined to the leaching of ore from Mt. Po.inter 
No. 6 workings. This mo.t eri cJ. is a co8rse breccie., impreg­
nt1ted with silicc: 0.nd contrdning considerable qunntities of' 
iron r.nd rrmngnnese oxides •. Torbernite (Cu(U02)2(P04)2. 
12H?O), meto.-torbernite (Cu(U02)2(P04)2.8H20) E'.nc'.l autunite 
(Ca( U02) 2(POLi.) 2• 8R20) occur ns surf'e.ce encrusto.tions or e.s 
:flnkes nnd pic:.ty crystc.ls in cr<::cks and joint pli=mes o'f: the 
gangue. Ores in n less complex matrix nre found elsewhere 
in the nreo., but sufficient nmounts were not o..vccilc.ble f'or 
extensive studies ~t the stnrt of' the investigation. The 
ore received c.t the le.borc.tory consisted of lumps (3-6 
inches), the uranium content vc:.rying from o. 11:-0. 25 percent 
u3oe, with torbernite ns the mnjor urnnium mineral. 

).~ ANALYTICAL METHODS 

A. Uranium. 

At the outset it became evident that an invest­
igation such 0s this would involve a very large number of' 
urr-.nium nnr...lyses o.nd CL simple c.nd rapid method wns essentic1. 
Grnvimetric methods were slow end difficult, particularly 
when applied to solutions con tc.ining much iron and li ttl.e 
urnnium. To this end R colorimetric method based on the 
yellow color of uranyl solutions was devised nnd ho.s been 
successfully used throughout this work in the analysis of 
ores e.nd lench liquors. Since e f'ull nccount of' this 
method ho.s been given elsewhere (6), it will suffice to 
give only 2 brief description here. 
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Uro.nium solutions of lrnown concen tre.tion were pre­
po.red from A.R. U02(N03)2 6H20, the ur~nium content of which 
wr:.s checked by ignition c.nd weighing as U308. With these 
solutions n stnndnrd curve wqs obtained expressing the relnt­
ion between color intensity 2nd uranium content of the sol­
ution over the rnnge 0.15 - 1. O per cent U308 9 the curve 
being liner.r between 0.15 and 0.75 per cent U308. The color 
intensity is represented by the extinction (E), recd directly 
on n Zeiss Pulfrich gr2dntion photometer using cells of 
20 mm. opticnl depth nnd employing specturm filter S 43 
(filter gr~vity 4340 A0 ). Of the numerous contominants 
found in lench liquors from Mount Pmnter No. 6 ore, only 
copper and iron showed nny tendency to interfere in the 
colorimetric method. Interference due to copper is entire-· 
ly eliminc:ted by the spectrum 1'ilter s.43 and the inter­
ference due to the yellow-brown color of small amounts of 
ferric sulphc.te is reduced to n negligible amount by the 
nddition of up to 25 per cent of phosphoric acid (s.G.= 1.75). 
An ernpiricnlly determined correction must be applied to the 
extinction in the presence of lnrge cmounts of iron. 

B. Iron. 

Iron determinntions were likewise required in 
lnrge numbers P.nrl e colorimetric method employing thiogly­
collic ncid wes uaed. In the presence of iron, thiogly­
collic ccid produces o. red-purple color which is unaffected 
by large Gmounts of phosphnte nnd is directly proportionnl 
to the iron content over the range 2.5-7.5 mgm Fe/litre. 
To nn aliquot of ler.ch liquor contcdning e, sui tP..ble weight 
of iron, thioglycollic ccid solution (8 per cent thiogly­
collic acid in dilute emmonia) is added dropwise until a 
permmlent red color is obtr.ined. An f:\dditional 1.0 ml of 
thioglycollic acid solution is then added, followed by 
10 ml. of 6 N ammonia nnd the solution mnde up to 100 ml. 
The resulting solution is then shaken vigorously o.nd the 
color rend innnedintely by the Zeiss Pulfrich photometer 
using ~he yellow filter s.57 (maximum transmission at 
5720 A ) • ' . 

When r>nnlyses of other contruninants were re­
quired, st2.ndE'.rd procedures were used. 

4. SOLUBILITY OF TORBERNITE AND-AUTUNITE. 

It is lmown t ho..t both autuni te and t orberni te 
are soluble in minernl ~cids and concentrcted alk~li car­
bonate solutions. For the initial tests on solubility 
somples of high grnde cutunite (yellow) nnd torbernite . 
(green) were obtained.by hnnd-picking rich ore. Anc1yses 
showed these to contnin 50.7 per cent and 50.5 per cent 
U30g compared with 61.6 per cent ~nd 60.1 ~er cent respect­
ively for pure minerals of' .the formula R" ( U02) 2(POLJ.) 2 
8H20• Spectrogrc.phic analyses of' these hand-picked sem­
ples, however, showed t h2t the yell ow mineral cont£'.ined 
some copper 9 while the green mineral contnined appreciable 
quantities o~ cclcium. 

Solubilities GnQ rates of' solution of the two 
min err.ls were determined in sulphuric, ni tI'ic and hydro­
chloric ncids, at room tempercture. At higher temper­
ntures, the iron oxides present iri the ore dissolve so 
rendily tho.t the solutions become hec.vily contruningted with 



- 4 -

iron snlts. No tests were carried out with sodium ccrbon­
ate solution which, evnn ct 100°c., is n less efficient 
solvent than the cold miner~l ncids. 

A. Solubility in ~cids. 

An excass of' the hf'.nd picked min erc.l wns shaken 
with acids of V8rious strengths until equilibrium wns 
reGched, five hours being more t ho.n suf'f'ici ent f'or this 
purpose. The solvent powers of the acids were compnred 
on the bt,sis of normnlities. · The results u.re dhown gruph-
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From these results the f'ollowing conclusions moy 
be drawn -

(i) hUtunite is considerably more soluble thnn torbern­
ite in Gll three c.cids. 

(ii) Sulphuric ~cid is consistently better than the other 
two minerQl ncids, nltbough hydrochloric acid is 
ne<<.rly o.s good. 

(iii) Increo.se in strength of' the c.cids does not generfilly 
result in importL:nt increns es in the runoun t of' 
urrnium dissolved per equivnlent of' acid. The 
greLctest incrense occurs with sulphuric acid on 
torbernite where 1 N ncid dissolves 12 per cent 
of' the theoretically possible amount of' mineral 
compnred with 19. 5 per cent f'or 5 N e.cid. 

B. Mass Action Ef'fects. 

The usunl renction, viz. 

3H2S04 + R"(U02)2(P04)2 ~ 2H3P04 + R11·so4 + 2U02S04 

represents o.n equilibrium c.nd is thus subject to mnss action· 
ef'f'ects. 

When f'urther lnrgc amounts of' torberni te or 
RUtuni te were ndc.ed to the equ·ilibrium mixtur'es ond shaken 
f'or another f'ive hours, n smnll increc.se in the cmount of' 
urc.nium in solution wns generc.lly observed (Tnble 1)• 

TABLE 1. 

-
Acid Minernl Gm. U308/litre dissolved nt 

eauilibrium 
'Vi th smo.11 excess With lc.rge e 

cess of' mine 
x­
rc.l 

2N H2S04 Autunite 55 98 

2N HN03 ti 43.5 49.4 
3N HC1 " 100 112 

2J'.T H2so4 Torberni te 25.3 26.7 
; 

2N H2so4 Torberni te 
Th(N03)4 

+ ( 25. 3) 50 

With the exception of' £1.utuni te in 2N sulphuric 
o.cid, these amounts were not suf':ficient to invelidete the 
results given in Fig. 1. In the cese of' autuni te and sul-
phuric ncid~ the precipitation of' co.lcium sulphe.te co.used 
the equilibrium to be displeced to the right hand side of' 
the above equntion. This implies that the corresponding 
curve in Fig. 1 co.n ho.ve no pretentions to accuracy - it 
merely indicc.tes th£>.t sulphuric s.cid is still a better 
leaching ngent ·thnn the otbers. 

Removnl of phosphoric ncid f'rom solution by 
precipi to.tion ns insoluble phosphe.te should elso af'f'ect the 
solubility of' nut unite end torberni te. The ef'f'ect was 
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demonstrc.ted by o.clcling 5 gm. of thorium ni tr:'.te to nn 
equilibrium mixture of 2N sulphuric ncid <-end excess torber-
ni te, o.nd shaking for five hours. By this means, the 
solubility of the torbernite w:::.s almost c1oublec1 (see To.ble 1i). 
This phenomenon ho.s no pr:cctico.l vo.lue, since the only phos­
pho.tes insoluble in minernl 8.cicls ere those of thorium, zir­
conium c.nc1 tetrnve1lent cerium. 

If phosphoric r.cid be meted to t·he solution in­
stec.d of removed, a c1ecre2,se in the c.mount of urnnium in 
solution is notec1; e.g. in the presence of seven times the 
usu~l rmount of phosphoric acid, the solubility of torbcrn­
ite wo.s decreecsed by nec.rly 20 per cent. This decre':lse is 
not sufficient to affect significantly the efficiency of 
nny lec.ching processes to be described, since such c. lo.rge 
excess of phosphoric f,cid cnnnot o.ccumulste in these pro­
cesses. 

Cr Rate ~nd Selectivity of Le2ching. 

J.1.lthough no GXr.Ct work WO.S clone on the ra.te Of 
solution there is no doubt th:~t eutunite is more r:::pidly 
dissolved tho.n is torberni t e. Finely ground nutuni te diss-
olved to the mnximum runount in less thnn one minute's she.k­
ing with 2N sulphuric ncid, while the r::.te with the f'inest 
torberni te wc:.s t:.~lwc.ys mer'.surrcble. For the three mineral 
~c.cicls, the rc..te of solution of torberni te wc.s approximr.tely 
proportionnl to the solubility. Selectivity of' lec,ching 
wns surprisingly good :for all acids.· Although the srmples. 
of hn.nd picked autunite Qnd torbernite were sufficiently 
ferruginous to eno.ble testing for iron contnminr.tion, in no 
instc.nce did tmy of the solutions contnin more thon 1 p8.rt 
of' iron to 100 pi'.rts o:r U308, rm<l this obtc.ined oven when 
7 g:ns. of finely ground ferruginous crude ore were sho.ken 
with n solution of r.utunite in 2N sulphuric c:.cid f'or five 
hours. Hydrochloric ncid nt concentr2tions above 2N re­
ncted in the cold with the mnngnnese dioxide in the ore, 
producing noticeable qunnti ties of chlorine, o.nd c<:,using 
contcmino.tion of the solutions with manganese • 

.5· LEJ~CHING OF MOUNT PAINTER ORE. 

f... Single Extrnction Len.ching. 

(i) Choice of lec.ching 2gent. 

From the f'oregoing study of the solution of' the 
urnnium min ero.ls in the three minero.l acids, it wo.s evident 
thc.t sulphuric ncid wns the most ef'f'ective leaching agent. 
Other importnnt :f~cctors favoring the use of sulphuric ncid 
were: ( c,) its chenpness, (b) hydrochloric acid requires 
specinl corrosion - resisting equipment, crnd c.lso rec.cts 
with the ore to produce chlorine, (~c) nitric acid, be­
sides being less cf'f'ecti ve thnn sulphuric acid, _was found 
to be undesirf'.ble during the recovery ·O:t' uranium compounds 
from the lench liquors. 

It bocrme cleo.r nt f'.n ec.rly st::ge of' tbis 
investigation thcct the method of' lec.ching wns to some ex­
tent in!'luenced by the met bod used for the r ocovery of 
ure.nium from the leach liquor. It will oe seen leter that 
the met hod of' rcco.very ndopt ei.:l nocossi to.t ed tqpt the e.cidi ty 
of lee.ch liquors should be not ~ess thrm 3. 2 - 3.5 N ::mcl 
f'or this renson sulphuric c,cid of 4 - 5 N Wets chosen es the 
10r·.ching f'.gent. In ':r:'['.ble 4 (p.9) the rc.tos of' leeching 
with v:,rious strengths of sulphuric l"'.cid c:re given, nnd 
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lend support to tho use of 4-N acid. 

(ii) Methods of' leaching. 

Th~se cnn be_described under three heads:-

( a) .Agi tntion leaching, where the ore nnd leaching 
ngent mcy be plc.ced in contriners and subjected to rumbling, 
or where finely ground ore may be stirred. Such methods 
result in rf'.pid lcnching, but nn unduly high proportion of' 
iron is dissolvec1 owing to the production of large emounts 
of' very fine mc.toricl by the grinding o.ction. 

(b) Circulation leaching, where the leaching agent 
is.circul~ted continuously through the ore. In laboratory 
trials, liquor from the bottom of the leaching container 
was continuously removed and added to the top by means of 
an air-lif't, but no significant improvement in the rate or 
completeness of' leaching could be observed. 

(c) Static_leavhing, where the leaching agent is left 
in undisturbed contact with the ore. This method was used 
exclusively Elf'ter the completion of' the preliminary work 
described above. 

(iii) Amount to leaching agent. 

Because of the low grade of the ore, the amount 
of' acid liquor was :fixed at that required just to cover the 
ore sample. This volume of' o.cid was extremely lo.rge in · 
relation to the a~ount of' uranium nvail2ble in the ore 
somple C•nd it t he;i:-efore become impere.tive to lench more 
than one somple of' ore with the same lot of' acid in· order 
not only to obtain c usef'ul concentro..tion of' uranium in 
solution but o.lso to make the mc.x:imum ef'f'ecti ve use of' the 
acid. The extent to which this continued leaching could 
be cc.rried .out with the one lot of acid will be :fully dis­
cussed later. 

(iv) Annlysis of' ores end leached. residues. 

Even with the maximum co.re in sampling, it wns 
f'elt thnt ·complete relinnce could not be plo.ced on anci.lyses 
made on ·scmples drawn f'rom the relatively smnll lot (approx. 
3 kg) of' conrse ore used in the majority of lea~hing triais. 
The tot2l uranium content of' each lot of' ore was theref'ore 
determined by 2dding the weight of undissolved uranium re­
mo.inin g in the ore to '!be weight of' uranium present in 
solution in the lench liquor. The latter quantity wc:.s 
readily :round by colorimetric analysis of the liquor but 
considere.ble difficulty v1ns e.:x:perienced in determining the 
former qunn ti ty by grnvimetric analysis of the lenched ore. 
It wns f'ound, however, that by thoroughly wc:shing the 
leeched ore with water, drying e.nd grinding to a sufficiently 
f'ine size (-11/8 inch), a:l.l the residunl uro.nium could be 
extrncted by re-leeching the f'ine material with 4N sulphuric 
acid. This re-leaching wo.s done for :five days, at tho end­
of which the urenium content of' the leach liquor wns deterr 
mined colorimetricnl1¥• Assuming 80 per cent extrnctionF 
in ~ive dnys (Tnble 4), the uranium content of the leached 
ore could then be cnlculc~ted. In this way, o.11 sampling 
errors were eliminccted. The met hod wc.s checl-rnd in several 
cnses by wnshing the re-leached ore~ re-grinding to even 
smaller size, and le2ching for a third time with acid. 
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The only urc.nium recovered in such ins ten ces ·wGs the 20 per 
cent unlenched at the end of five dnys in the f'irst re­
leaching. 

¢ On this assumption, values obtained f'or the uranium con­
tents of leached ores are probably slightly greater than the 
true values, since, in the majority of' instGnces, it is 
probable that somewhat more than 80 per cent. of.the uranium 
is leached in five do.ys. It should also be noted that, 
even if' this f'igure Vc\ries from 75-85 per cent in dif:ferent 
estimations, the corresponding vo.ria.tion in total. uranium 
content of' the original ore is only of the order of 2.0-2.5 
per cent. 

(v) Size of ore~ 

Factors which must be considered in determining 
the optimum size of ore for leaching include the extent to 
which grain size inf'luences (a) the accessibility of the 
uranium content of' the ore to leaching e..i;i;en ts, (b), the re­
tention o:f leach liquor by the ore, an~ (c) the rate of 
leo.c hin g. · 

(a) Accessibility of' uranium minerals to lenching agents. 
Several lots of lump ore were leached until practically all 
visible uranium minernls had been dissolved. The total 
accessible uranium was then determined from the leach liquor, 
adding the mnount represented by the small weight of' visible 
t-orbernite which could be removed by hand from· the lumps. 
The ore was wo.shed, ground to .pe.ss 1 inch ·screen, and re­
leached until the uranium content of' the ncid showed no 
f'Urther increo.se. The additional uranium which ho..d been 
rendered accessible by reducing the size of' ore wns then 
determined in the leach liquor by the usual colorimetric 
method. The process was repeated on the same ore with 
f'Urther reduction of' particle size. 

The results are given in TrLble 2 and he.ve been 
calculated on the assumption (see pnge 7) that practically 
all uranium is accessible in -1/8 inch ore. 

· TABLE 2. 

Size of ore !Percentage of totc.l uranium 
r-,ccessible 

% 
Lump (3-6 inch) 42-50 

- 1 inch 15-85 

- 1/4 inch 90-96 

- 1/8 inch Approx. 100 

(b) Retention of' leach liquor. Since the aim throughout 
the investig~tion has been to devise a leaching procedure. 
which produces liquors of' a strength (1~5-2.0 per cent 
U308) suitable f'or subsequent recovery processes, it is 
evident that excessive quantities of' wash liquor f'rom the 
spent ore ce.nnot be tolern.ted, f'or their concentrc.tion to 
a reasonable strength by evnporation would be costly and 
tedious. (The possible shortage of' water in the Mount 
Painter area must eiso be taken into consider2tion). 
Moreover, when operating a cyclic leaching process (q.v.), 



9 

it is essentic.l to mc.intnin n constr'.nt minimum volume o.nd 
strength of 2-cid in circuh:tion, n.nd this cAnnot be achieved 
With low grade ore (0.25 per cent U308) without restricting 
the volume of wash wc.ter to the lowest possible .figure. 

The volume ·of liquor retnin ed b;y the ore ;:1.ft er grc.vi ty 
dro.i nihg is t bus of great importc.nce, since it hns been 
necessc.ry in lo.bor<:'.tory trio.ls to w2shwith the same volume 
of wo.ter to recover npproximt'.tely hnl.f of the ret2ined 
uranium sa.l ts. Figures showing the progressive· in cre2se in 
retention of liquor, 2s the p2rticle size of the ore is re­
duced, are given in te.ble ,3. 

Size of' ore 

Lump 

1 inch 

1/4 II 

- 1/8 II 

- 22 #' 
-100 #' 

Percentage of liquor 
retained when ore is 
just covered with 
liquid 

% 

6 

22-27 

45 
65 

85 

> 90 

Volume of liquid 
required just to 
cover 1000 gm. 

ml. 

320 

245 

200 
185 
210 

240 

(c) Rate of leaching. Pure torbernite dissolves more 
r2pidly in ecids when finely ground and a similar effect 
might be expected with finely-ground ore. Experience has 

- shown, however, thc.t' e.lthough solution of' iron from the ore 
is ncceler2ted, the ~ccessible uranium f'rom -1/4 inch ore is 
dissolved less rnpidly t ho.n thl'.t in - 1 inch ore. Table 4 
shows this ef'f'ect for v?.rious strengths of' sulphuric ccid. 

TABLE bl,. 

I PBRCI;NTAGE OF TOTAL :i~CCESSIBLE URANIUM LEACHED 

~ 
-1" ore (7% - 14 # ) -11/4" ore ( 29% - 14 I' 

5oJ 3,,5 2.6 1.4 5.0 t'"I 2.b 1. 4 
lity 

of' 
' 

""' le c.c hin g '-.., I 
·1 73 83 59 52 48 52 152 46 46 
2 90 91 - 69 62 73 65 60 63 
4 94 93 85 74 79 84 78 71 71: 
7 96. 98 9:· 85 85 92 84 78 81 

11 100 100 100 99 97 100 93 96 96 
16 100 100 100 100 100 

wt. U308 
2.6±29.3.20 lenched 4.06 4.47 4.57 4. 211 3. 15 4.47 

(gm.) 
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The ores in question were cnref'uliy .s:ompled by rif'f'ling nnd 
lec.ched with equo.l vol~mes ·of acid until a constant concen-
tration of' urenium we.s obt<0.in ed. in the liquors. Leeching 
wcs static except f'or the r.gito.tion of' the leach required to 
ensure proper mixing bef'ore drawing daily srunples of the 
liquor. 

The results show that the most suitable strength 
of' p,cid lies in the range 3.8-5.0 N 9 though the decrease in 
rate of' le2ching with weaker acid is by no means as great as 
might be expected.. For - 1 inch ores, it appears that a 
two-day leachin~ period is necess3ry to obtnio a good recov­
ery of' uranium \90 per cent), but the same leaching period 
gives less than 70 per cent recovery with - 1/4 inch ores. 

It is interesting to note the variation in the 
tote.l emounts of' uranium extrscted from each lot of' ore, 
despite the c8.refUl sampling. Since equal weights of' the 
two sizes were tr:Urnn, the lower uranium content of' the -1/4 
inch ore can hardly be ascribed to sampling errors, but is 
more probably due to loss of' torbernite dust during grind­
ing and rif'f'ling 9 particularly the latter. Mee.sures were 
to.ken to minimise such losses when samples were being 
ground f'or analysis. 

From the above considerations, it is evident that, 
although all the uranium present in -1/8 inch ore is access­
ible to leaching, when compared with coarser ore, the rate 
of' le~whing is slower, the degree of iron contamination in 
the liquor is greater, and the volume of leach liquor re-· 
tained by the ore presents serious dif'ficulties. These 
three disad.vnntages do not arise in the leaching of' lump 
ore, but less than 50 per cent of' the total uranium is 
accessible to leaching and the volume of' acid required to 
cover a given weight of ore is disproportionately large. 
In consequence,· up to five leaches with the one lot of' acid 
are necessary to give solutions containing·a reasonable 
amount of uranium. Moreover, alt bough the leaching ef'f'i c­
i ency is reasonably good in the first two leaches of' such a 
series, mass action effects appear in the remaining leaches, 
as shown by a serious decrease in the proportional of 
accessible uranium extracted by the leach liquor. 

The optimum size of' ore must there fore lie 
between the extremes just mentioned. More precise inform-
ation as to the optimum size was obtained from leaching runs 
with -1 inch and -1/4 inch ores. In the latter instance 
(see page 16), the conclusions reached from Table 4 were 
borne out 9 only 84 per cent of the accessible uranium being 
leached. With -1 inch ore, however, due to the gre2ter 
rate of leaching, a higher percentage of' the accessible 
uranium was recovered 9 and this size of ore has therefore 
been taken as the optimum, although it is possible that the 
true optimum si ~e of ore may be near er to -% inch. An 
alternative procedure would be to reduce the ore to at 
least 10 mesh, leach out nearly all the uranium and recover 
the rich liquor by centrifUging. Tests have shown that 
over 80% of the liquor can be recovered in this way and 
washing thus presents no particular difficulties. Only 
two leachings with the one lot of acid would be required 
to obto.in 2% U308 solutions.. Such a method would be par-
ticl1larly suit.able for the treatment of' enriched fine 
material produced by ore-dressing operations. Apart from 
the special apparatus required however, two new problems 
appear. Iron contamination becomes greater with such fine 
material and recovery of' radium from the huge bulk of ~ines 
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would be most laborious, if not impossible. By contrast, 
fines associated with -1 inch ore amount to only 7~8 per 
cent of the total material. 

(vi) Selectivity of' leaching. 

In order to determine the nature and extent of 
contamination of the leach liquors, two liquors were pre­
pared, one with 4N sulphuric and the other with 4N nitric 
acid. In both instances three .lots of ore were leached, 
for one day each, without any dilution of the leachate by 
washing. The purpose of the nitric acid leach wo.s to de-
tect those metallic constituents having insoluble sulphates. 
Analyses are given in Table 5. 

Gm. /100 ml. HN03 leach H2S04 leach 

U308 2.16 3.45 

Fe o. 52' 0.88 

Al o. 1i o. 2-0. 3 

Mn 0.37 0.7 
Rare Earths 0.3 ii( o. 2· 

Mg < o. 05 < o. 1 

Ca < o. 1i -
V205 - .... o. 01 

The presence of rare earths (approx. 50 per cent Ce02) was 
interesting and suggested that they might be derived from 
mona?:i.te. A sample of 98 per cent monazite (-100 #') 
lettt in con tact with 4N nitric acid at room temperature for 
three weeks vre::s observed to undergo partial solution. 
These results ~r~ in accord with the observations of Still­
well & Edwards\5) that finely disseminateu monazite is 
present in the ore from No. 6 worl{ings at Mount Painter. 

The :following elements were not detected in 
either leach liquor: 

Ag, Hg, Sn, As, Bi, Cd, Cr, Th, Zn, Ni, Co, Sr, 
·Na, K. Small amounts of' Pb, Ba and Ca were detected in 
the nitric acid leach but only ca was present in measur­
able amount. 

The virtual absence of arsenic and vanadium is 
noteworthy since these elements are frequently associated 
with uranium minerals. 

Spectrographic examination of' ore including 
handpicked specimens of autunite and torbernite and the 
solids obtained by evaporation of' leach liquors to dryness, 
con:firmed the ~c.ove results, and .tin was also detected. 

From the results of the gravimetric analysis 
of the contaminants, it can be estimated that approximate­
ly ,18 per. cent of each lot of' 4N sulphuric- acid is used 
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in dissolving the various metallic oxides in the course of' 
the non-cyclic leaching scheme shown in Fig. 2 (see p.13). 
It is clear, how ever, that when the large preponderance of' 
gangue material is taken into account, the leaching process 
is still quite selective with respect to uranium. 

(vii) Reduction of acid strength during leaching. 

Where three lots of ore were treated with one lot 
of 4N acid, it. was found that each 1.ivater washing diluted the 
acid liquor to such an extent that the leaching eff'iciency on 

·the t bird lot of ore bee sme greatly reduced. Reduction .in-
acid strength from this cause can be eliminated by washing 
the ore with 4N acid instead of' water, · 

Reduction in acid strength also occurs through 
solution of contaminants such as iron, manganese, aluminium, 
etc. The degree of this reduction in acidity has been 
de.termined by titrating samples of leach liquors with 6N 
alkali, the first permanent turbidity being taken as the end-
point. In the presence of fluorides which subsequently 
react with the gangue during leaching to form fluosilicic 
acid, a precipitate of' sodium silico-f'luoride is f'ormed dur­
ing the titration and gives a false end-point. This error 
can be overcome by f'iltering the solution before completing 
the titration. The method was checked by titrating synthet .... 
ic leach liquors of' known acidity. Titration with decinormal 
alkali to various end-points (as shown by indicators) did not 
give satisf'actory results, due to the very slow change i~ 
acidity in the region of pH 3-4. The titration technique is 
sufficiently accurate for control pu~poses but cannot be re-
garded as precise. By the above procedure the reduction 
in acidity of actual leach liquors from three lots of ore, 
where acid washing has been employed, amounts to about 
o. 7-1!.0N. This value is slightly greater than can be ex-
plained on. the basis of l·rnown contarninan·ts. ,In order to 
recover leach liquors having a final free acid normality of 
3.2-3,5N, it is therefore necessary to start leaching with 
4.5N acid. Recycled acid (see p.18) contains f'errous salts 
which react with the manganese dioxide in the ore, causing 
fUrther contamination and requiring the acid at the start 
of each leaching cycle to be 5N. 

B. Counter-current Leaching. 

During "single extraction" leaching of' Mt. Painter 
ore, it was shown (Table 4) that the rate of' leaching de-
creased very considerably after the first dey. In an attempt 
to overcome this difficulty, methods of "counter-current" 
leaching were devised, in which each lot of ore was leached 
with at least two lots of acid before being discarded, In 
this way, the mass 2,ction ef'f'ect, which presumably slows down 
the rate of leaching in a single extraction leach, is very 
much reduced, since the uranium not dissolved by the first 
lot of· acid is subsequently leached by f'resh acid or acid 
containing only minor amounts of phosphoric acid end uranium 
salts. 

The coun ter-ci.trren t methods were tested by a 
series of leaches on -1 inch and .:..¢ inch ore. 

( 1) Counter-current lea.chin g of' -1 inch ore. 

The scheme is shown in Fig. 2. In each cycle, 
f'our lots of ore ere leached with one lot of acid, which 
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remains in contact with each ore semple for one day only. 
Each lot of ore is leached twice, so that in one cycle two 
lots of fresh ore and two lots of' previously leached ore are 
treated. 

CYCLE 1. 

CYCLE 2. 

CYCLE 3. 

A--·---B ·- --C---- D ·------------·-----"> to uranium 

__ b--b~ACI~ WA~-~S ~------~ rec~very 
tvATE;-;•W.AS~;: I I 

· I w:ACID WASHES 
~--F-·G----R---7 " :t .,~, 

WATER WASHES 

FIG. 2. 

A description of' the procedure for cycle 2 will serve 
to explain the method. 

Ores c: and D have been leached once, and drained but 
not washed. Each therefore retains approximately 25 per 
cent of acid liquor (Table 3). To C is added sufficient 
fresh acid to cover the.· ore completely. After leaching 
for one day, the liquor is drained from C and added to D, 
being again just sufficient to cover the ore. The liquor 
eventually drained from D is transferred to E, but since 
the latter has not been previously leached, this liquor is 
not sufficient to cover it entirely. Ore D is therefore 
given an acid wash, using a volume of acid equal to the 
average of that usually retained by these ores, and this 
liquor is also added to E. After leaching E, the liquor 
which ccn be drained off is added to F ~nd the same volume 
Of o.cid as Was Used in the previous WP.Sh is ruso roded to F 
to ensure thnt the ore is covered. (Alt~rnatively, E may 
be washed with this volume of ~cid before adding it to F). 
The liquor finally drained from F is filtered (or the sus­
pended ma.terie.l nllowed to settle) and trec.ted to recover 
pure urn.nium compounds. Ores C nnd D ere subsequently 
given n water .wo.sh, equal in volume to the acid wash 
mentioned nbove. These ores ere then discnrded end the 
combined. w2.t er washes used to prepn.re fresh acid f'or the 
next lenching cycle. Ores E and F r.~e not w2shed with 
wnter, since they r.re to be leached e.gein in Cycle 3. 

S['..IDple_s of' ore were prepcred by passing two begs 
( approximntely 100 lbs.) of' lump ore through n jaw crusher 
until the mnterinl all passed 1 inch mesh. Since this 
procedure concentrctes the urnnium into the fines, the 
lntter wore sepHrc.ted by screening nt 14 mesh, and both 
fine and conrse m~terials were divided into sixteen app-
roximately equal srunples by r if'.f'ling. Sf"mples were then 
weighed sepf'.retely nnd each brought to the same weight 
(within· 2 gm.). The fines and the coexse material were 
f'innlly mixed to produce sixteen equal composite semples. 
This procedure was repented on severnl occasion~, the 
semple weight v::i.rying from 2700-3000 gm., e~d the percent­
age of' fines from 7~9 per cent. To cover one srunple, 
750 ml. of 4-5N sulphuric ncid were required, of which 
150-200 ml. viere reteined by the ore r~f'ter draining. Var­
iation of' the ncidity within the limits given did not 
eppeor to influence the leaching ef'ficiency. 
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The total amount of uranium remaining in the ores 
af'ter leaching was determined as described on page 7. 
Uranium present in the .final liquors and the water washings 
was determined colorimetrically. The amount lost by not 
washing the ore more thoroughly was calculated on the assump­
tion, borne out by later washing experiments, that the 
uranium found in the wash is equal to that left in the liquor 
·retained by the ore after one washing. Results are shown 
in Table 6. 

TABLE 6. 

Cycle ! Weight of U308 Percentage ;I? ere ent age 
of' Total of' Total In fin aJ.. Recovered in Not Uranium Uranium liquor washings leached Leached. Recovered. 

gm. gm. gm. % % 
1 8.3 - - - -
2 9. 0 1. 0 3. 20 77.5 70.4 
3 6.6 0.87 3.46 70.7 63.3 

4 9.8 o.86 2. 50 .82. 3 76. 1 

5 9.8 0.73 3.50 76.3 71,.3 
6 8.5 o.68 3. 26 75.2 70.0 

AveragE I 
I 

76.4 70.2 

Comparison of the average percentage of uranium leached 
(76.4 per cent) with the percentage range for accessible 
uranium in -1i inch ore (Table 2) shows that this method of 
leaching is a great improvement on single extraction leach­
ing. The diff'erence (6 per cent) between the percentage 
leached and th~t recovered represents the uranium leRched. 
but not recovered by the washing technique adopted. 

As un indication of' the improvements e:f:fected by 
acid W8shing nnd counter-current leaching, the results 
given in Table 7 ~re of' interest. 

TABLE 7. 

Lanchin g Duration Weshing Lots of' Concentration Percentag 
Process of' eo.ch liquid ore of' Ut'1_ in of' totnl. 

lee.ch. leached :fin a iquor uranium 
days. % leached 

3 
Single ex-

tro.ction. 1 Water 3 1. 70 56 
II 2 " 3 1,.82 62 
II 1 Acid 3 1. 48 64 

Counter 
current 1 " 2 11

• 58 76 I 
' 

$n the f'irst two single extraction le~ches, successive lots 
of' ore were lec.ched with the srune lot of c.cid, keeping the 
volume of' the lntter constnnt by the nddition o:f the wnter 
wo.sh f'rom the ore previously leached. The leaching e:f:fic­
iencies were low, even when the acid wcs lef't on each lot 
of ore f'or two dnys. Better results were obtained with 

e 
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ncid Wf"':shing combined with one-dr:.y le.::ching. In nllthe 
single extr~ction le~ches, however, the third lot of' ore 
wo.s inefficiently le2.ched, due in nll probnb111ty to the 
me.ss nction ef'fect oi' uranium end phosphoric c.cid alre2-dy 
in solution. . That counter-current le2ching overcomes this 
problem is shown by the greatly increased extr2ction of 
uranium, the concentrotion in solutions obtained :from two 
lots uf' ore being nearly as great Gs that f'rom three lots o:f 
ore leached by the single extre.ction method. 

(Ji) Counter-current leaching of -! inch ore. 

rt was possible that by applying some :form of' 
counter-current leaching to a more finely ground ore, ad­
vantage might be taken of the more complete availability of 
the uranium, et the same time overcoming the di:fficulties 
arising from high retention of leach liquor and consequent 
loss of' uranium by incomplet'e wnshing and slower solution 
rate of the uranium minernl in such fine ore. · 

To this end a procedure w2s developed which 
required three lots of' ore to be leached with the one lot 
of' acid. One lot of' fresh ore was to be introduced at the 
end of each cycle, each ore sample thus being lec.ched three 
times in stead of twice C\s in the scheme discussed f'or -1 
inch ore. The effect of this procedure we~.also virtually 
to provide three washings for ench ore semple. Acid wash­
ing was .employed. .A f'low sheet of this system is given in 
Fig. 3 f'rom which the operations crrn be seen in greater de­
teil. For exrunple, in cycle 3, sample C has h~d two 
leachings in previous ·qrcles and sample D one leeching. 
Fresh 4N' acid suf'ficien~ just to cover the ore is added to 
C which is leached for one day. The liquor drained of'f' is 
added to D, nnd C then receives e. water wash equal in volume 
to the liquor retained •. After leaching D for one day, the 
liquor is drained of'f' and D given an ccid wash equnl in 
volume to the retP.ined liquor. The combined leachate and 
acid wash from D is then used for leaching a fresh ore 
sample E. The acid liquor is drained from E after a day's 
leaching and .E given an acid wash. The combined leach 
liquor and acid wash f'rom E is then rec.dy for treatment to 
recover uranium. The water wash obtained from C is used 
in the preparation of' fresh acid for the next cycle and the 
procedure repeated with D, E and F, F being a fresh ore 
sample. 

CYCLE 1. A --···B ----C ·-.. ----.- ... > 

CYCLE 2. ! _J/~D _w._A_s_H _____ _ 

uranium 
recovery 

WATER/ . I I . ACID w.:..sH 
·-7> uranium 

recovery 

WASH tC \, 
CYCLE 3. /c-. D--E . 

WATER I I . ACID WASH 

. ----,. uranium 
recovery 

CYCLE 4. 
WA SH r:f" \j 

D-.-- E---- F ~----~ uranium 
/ recovery 

WATER 
WJ.SH 

FIG. 3. 
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In following out this counter-current scheme, two bags of ore 
were crushed to -i inch, and divided into sixteen approxim­
ately equal portions by the. procedure which has already been 
described for -1 inch ore. The weights of all samples were 
finally adjusted by hand to 1480 gms. The above leaching 
procedure was then followed over five cycles, the 1480 gm. 
samples or ore being covered with 300 ml. 4N sulphuric acid. 
A careful check. of the uranium extracted was made by color­
imetric analyses of each leach lig~or. Each ore sample as 
it was discarded from the leaching series was thoroughly 
washed with water and dried e.t 110°c. Fresh 4N acid was 
then put on the dried ore and releaching continued for a 
week to determin-e the amount or accessible uranium which had 
not been leached. · 

The results from this leaching programme are 
shown in Table 8. 

TABLE 8. 

Ore Total U308 I. U30~ U308 Percentage of total 
Sample U308 access.;. leac ed recov- U308 in ore ible gm. ered Leached Recovered gm. gm. gm. % % 

c 3.05 2.90 2. 60 2. 25 85.2 73.8 
D 3.23 3.07 2. 75 2.30 85. 1. 71.. 2 
E 3.16 3.00 2.55 2. 07 80. 7 65.5 

' 
F 3.98 3. 78 3.32 2. 57 83~4 64.6 

G 3.20 3.04 2.69 2.09 84. 1 65.3 
! 

The average leaching efficiency value·of 83.7% 
is quite good9 comparing favourably with the values given in 
Table 4 for single extraction leaching. However 9 the leach­
ing recovery values are much lower and it is clearly seen 
that the theoretical advantages of this scheme are not re­
alised in practice as a considerable amount of the uranium 
extro.cted is not recovered in the washing. This is due 
to the excessive and variable amounts o:f liquor retained by 
such fine ore 9 a feature which lends added weight to the 
arguments e1ready set forth in favor of leaching -1 inch ore. 

The met hod adopted for -1 11 ore cannot be 
applied satisfactorily to -*" ore since washing losses are 
greatly increased. On the other ho..nd, the method for -~" 
ore gives solutions much poorer in uranium when applied to 
-1" ore,.due to the greater volume of acid needed to cover 
-1 inch ore and the lower percentage or uranium which is 
accessible in such relatively coarse ore. · 

c. Cyclic Process with counter-current Leaching. 

Reference has already been made to the close 
dependence of leaching on the method adopted for recovery 
of uranium from the final leach liquors. This is partic­
ularly so in a cyclic process and the ability to recycle 
the acid liquor a:f'ter recovery of the uranium either as 
the tetra:f'luoride or the oxalate depends on a number of 
factors. Of these it has been found that incroase in both 
iron and fluosilicic acid content do not appear to have 
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any ad.verse effect either on the recovery of the uranium or 
on electrolytic reduction except for th.e extra consumption of 
electrical energy required to reduce the iron. It was never­
theless reasonable to expect that the contaminants such as 
iron, manganese 9 etc. would ultimately build up in the re­
cycled acid to an extent which would render further recycling 
unworkable. However a stage is reached when the amounts of 
iron, manganese, aluminium9 phosphoric acid 9 etc. lost from 
the cycle by the necessarily incomplete washing of discarded 
ore become equal to the amounts of the same contaminants 
dissolved in one cycle. Continuation of th~ cyclic scheme 
beyond this stage would not result in any .fUrther increase of 
the contaminant concentration of the liquor and, provided 
that satisfactory leaching could be achieved with such con­
taminated acid, recycling could be continued indefinitely. 

For any particular scheme of counter-current 
leaching using ore of constant size and having a constant 
retention value, it is possible to calculate the maximum 
contamination value for each element, if the rate at Which 
contamination increases with each lot of ore is known. 
This figure has been repeatedly determined for iron in leach-

· ing with acid of different strengths &nd has been fixed at 
0.12 gm. Fe per 100 ml. of 4.5N leach liquor per day 9 using 
-1 inch ore. It has been assumed that the concentrations 
of other contaminants (manganese, alumini~1m etc.) in the 
leach liquor bear a constant ratio to the iron concentration 
and this ratio has been determined by complete analysis of 
several leach liquors. Actually it has been observed in 
counter-current leaching that the rate of solution of 
manganese and aluminium does not remain constant but tends 
to :fa.11 off rapidly. The calculated maximum concentration 
of cant aminan ts therefore gives a correct value for iron 
but a some1iVhat exaggerated figure for the other contaminants. 
It was felt that if such a "maximum contamination" liquor. 
gave satisfactory leaching, the leach liquor of maximum con­
tamination faund in practice would give equally satisfactory 
results. Since it was calculated that approximately 20 
cycles are required before the recycled liquor reachea this 
maximum contamination value, it was difficult to check cal­
culated contamination with act~al figures, but over five 
cycles close agreement between t hear etical c.nd observed· iron 
values was obtain ed. 

For 4.5N acid on -1 inch ore, the liquor o:f 
maximum contamination is calculated to contain, in one litre, 
18 gm. Fe, 11 Gm. Mn 9 5 gm. A1 and 24.5 ~n. cone. H3P04 
(s.G. = 1.75). No account is taken of fhe qther elements 
present in minor amounts in an actual 1each liquor. 

It was found in practice 9 however, that further 
contamination of recycled liquors occurs as a result of the 
oxidation of ferrous iron (produced by the electrolytic 

-reduc·tion) by manganese dioxide in the ore 9 according to 
the react ion, 

Mn02 + 2Feso4 + 2H2so4~Fe2(so4)3 + Mnso4 + 2H20 

Moreover,· according to the method adopted for the precip-
1 tation of uranium from the reduced liquors, further con­
tamination occurs. If the oxalate is precipitated,. the 
excess of oxalic acid remaining in the liquor reacts with 
the manganese dioxide in the ore$ according to the re­
action 9 

Mno2 + H2c204 + H2so4 ---...--·->; Mnso4 + 2H20 -+ 2002 
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To allow f'or this increase in contamination, the amount of' 
manganese in synthetic liquors of maximum contamination must 
be increased from 11 gm./litre to 44 gm./litre. If hydro-
f'luoric acid is used to precipitate the uranium, excess of 
the· reagent reacts with the silica in the ore to form f'luos­
ilicic acid or with the aluminium salts in the liquor to 
form complex fluosulphates. The maximum fluorine concen­
tration attained during recycling can be calculated as 
described above and gives a value of 27 gm. f'J.uorin e per 
litre. 

In preparing synthetic liquors, therefore, the follow­
ing contaminants were added per litre 

88 gm. Feso4, 7H20 

50 gm. Al2(so4)3, 15H20 

170 gm. Mnso4, 4H20 

13.5 ml. H3P04 (S.G. = 1.75), 

and when hydrofluoric acid was used as precipitant, the 
appropriate amount of 35% hydrofluoric acid was also added. 

The practicability of' operating a cyclic process with 
such contaminated liquors 'NUS investigated by a series of' 
leachings on -1 inch ore, using the counter-current method 
shown in Fig.2. At-the end of each cycle, the liquor was 
reduced electrolytically and uranium precipitated, as the 
oxalate in the first eight cycles, and as the fluoride in 
the next four. The filtrate from each precipitation was 
combined with the washings from the sperit ore in the next 
cycle, and sufficient conceritrated sulphuric acid was added 
to give a recycled acid of the desired normality, which was 
theri used as the leaching agent in a subsequent cycle. 
Apart from these modifications, the techniques used and 
the quantities of' material were the same as for the counter­
current scheme described ori page 13. 

Results of this leaching program are summarized in 
Table 9. In the f'irst f'our cycles, it was found that the 
ore was of' much lower grade than usual and a fresh lot of' :i 

hand-picked ore was used for the succeeding cycles. More­
over, it was only during the first f'our cycles that the 
extra contamination due to oxidation of ferrous iron· and 
oxalic acid was noted, and the liquors of' appropriately in­
creased manganese conterit were consequently not used until 
the f'if'th cycle. 

TABLE 9. 

Ore Leach Li au or Precip- · Percentage of 
Lots, Uranium Cont am- Normality i tant total uranium 

leached content in ati on of free Leached Recov 
% U308 H2so4 % ered 

% 
A - H o. 113 Maximum 4.5 Oxali«: 68 -

acid 
I - p c. 9-76 " 5.0 II 75l Q - v " " 4~5 Hydro- 74 65 

fluoric 
acid 

w - x 11 Nil 4.5 II 81i 72 
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From these results, it might be concluded that 
unconterninated acid is a more ef'f'icient leaching agent than 
:rully contaminated liquor, but if' the result for ores W and 
X be considered in conjunction with the comparable results 
in Table 6, the difference between the two leaching agents 
becomes negligible. 

For ores containing.less than 0.20 per cent 
U308~ this leaching techni~ue is less satisfactory, since 
a reauced leaching efficiency is obtained. and high yields 
of' uranium oxalate or fluoride can only be obtained from 
the more dilute solutions produced, by using a much greater 
excess of' precipitant. 

Washing losses, represented by the differences 
between the percentages of uranium leached and recovered, 
are unavoidably higher in a cyclic process, since the liquor 
added to the first ore in each cycle is not fresh acid, but 
contains the uranium not_ precipitated from the previous 
leach liquor as well 8.S that recovered in the wash liquors 
from the previous cycle. In non-cyclic lee.chin g (Table 6), 
the latter quantity of uranium is nJ.l that is present in 
the acid used for each new cycle. In all forms of counter-
current leaching, washing losses can be reduced by 1 to 2 
per cent by adopting the alternative scheme of washing the 
third ore in each cycle with ncid, insteGd of' adding the 
acid directly to the fourth ore, ns has been the practice 
in all experiments described here. If, instead, o:f:~·washin g 
spent ores (such as C e.nd D, Fig. 2) separately, C is i'irst 
W8shed, the dr•cdnings used to wo.sh D, and the same process 
be repeated with a fresh lot of water, the toto.l volume of' 
washings is the S[une but only 33 per cent instead of 50 per 
cent of' the urenium in the retained liquor is left unre­
covered. Furthermore, in prccipitntions with oxalic acid, 
the volume of the liquor is decreased by evaporation during 
heating, and it mny therefore be possible to increase the 
volume of' wash liquor ~nd still maintain the total volume of 
recycled liquor within the desired limits. It is claimed, 
therefore, that n 65-70 per cent overall recovery of ureinium 
may be obtainai in the cyclic process described above. 

The merits of the various leaching processes 
which have been described will be discussed lcter in con­
junction with the methods used i'or recovery of' uranium 
from leach liquors. 

G. RECOVERY OF URANIUM FROM LEACH LIQUORS. 

In the past, :i-t has been customary to recover 
urenium :from acid solutions by the sodium ccrbonete process. 
'11 0 the acid liquor,sodium carbonete is added in suff'icient 
amount to neutralize the acid o.nd dissolve the uranium c.s 
sodium urnnyl tric2rbon c.te. The c:::irbon at es of' iron, 
copper 9 etc. c.rc precipitated. ~he solution is separated 
from the precipitate by decsnto.tiori and filtration, acid­
ified and boiled to remove carbon dioxide. By c o.ref'ul 
control of the acidity, sodium uranate may be precipitated 
at this stc.ge; e.lt ernati vely, if' the solution be too acid, 
precipitation is effected by re-neutralizing, this time 
with sodium hydroxide.. Tho precipi to..t e is :finally wnshed, 
:filtered and dried. (Ammonium uronate mny be prepo.red. 
by nn annlogous method). · 
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Theor.etically the above process results in com­
plete recovery of the uranium but it su:ff.ers from several 
serious disadvo.ntages. One dis:::i.dvant2.ge lies in the nature 
of the two precipitates obto.in ed. The first of these, a 
mixture of copper, iron and other carbonates, :forms a bulky 
gelatinous mass which ho.s to be very thoroughly washed in 
order to realise the theoretical recovery of the uraniumt 
This implies generous use of water, which is not desirable 
under the conditions obtaining at Mount Painter. 

The second precipitate (sodium ur8!1ate) is also 
gelatinous and presents a difficult filtration problem. 

Perhaps the most important disadvnntage is the 
complete neutralisation of the acid. Even under the 
optimum leaching conditions developed in this investigation, 
the amount of acid effectively used in dissolving the uran­
ium minerals is but a small part of the total acid necessary 
for leaching. Consequently the adoption of the conventional 
recovery process would result in nn excesslve waste of acid. 

For these reasons attention has been directed to 
the possibility of precipitating the uranium from strongly 
acid solutions, thereby facilitating the recycling of the 

·acid liquor to subsequent le2,chings and also reducing to a 
minimum the use. of water for we~shing purposes, 

All salts of hexavel,en t uranium appear to be 
soluble in 2,cids, but tetravalent uranium shows close 
analogies with thorium, in that the phosphate, oxalate, and 
fluoride are only slightly soluble in sulphuric acid. 
Moreover, these salts can be precipitated in a readily 
filterable form. 

The process of uranium recovery 02~ therefore 
be divided into two stages, reduction anc1 precipitation, 
which will be dealt with in that order. 

A. Reduction. 

It is well known that reduction of hexavalent 
uranium (uranyl ion) to the tetravalent fo~n can be effected 
in many ways, either by formic acid in the presence of sun­
light, by reaction with a more electronegative metal such 
as magnesium~ zinc or iron, or by elect~olysis. 

RecJ.ucti on of' uranyl sulphate solu ti ans proceeds 
easily and quan ti tati vely by either the metallic or elec­
trolytic methods, such reduction actually forming the basis 
of' a volumetric method f'br the estimc=ction of' uranium. 
However torbernite or autunite solutions contain an apprec­
iable amount of phosphoric acid and reduction of' uranium in 
such solutions leads to the precipitation of gelatinous 
uremous phosphate unless the acidity is maintained above 
a certain minimum value. As shown in Table 10 1 this 
critical scid concentration depends on the concentrationo 
of uranium$ 

TABLE 10. 

COncen t ration I 0.5 0.75 1. 0 1~3.0 4.0 b.O 
% U308 

Highest norma1- I 1. 85 2.5 2.9 3.1513.,, ,3.5 3.5 3·f5 
i ty at which I phosphate pre-
ci Pi tat es. . I 
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Increase in the concentration of phosphoric acid 
above that ratio normally existing in torbernite or autunite 
causes an increase in the critical acid normality. In a 
recycled liquor in which the phosphoric acid content has 
reached the maximum contamination level, the critical acid 
normality becomes greater by approximately 0.4N. Near the 
critical value however, precipitation of uranous phosphate 
is very slow and it is possible to reduce solutions having 
slightly less thnn the critic al BJid cone en trati on without 
encountering any trouble. At the concentr&tion of uranium 
:round in actual leach liquors 9 i.e. 1.5-2 per cent U305, it 
is necessary to maintain the concentration of free acid at 
a volue preferably greater than 3.25N in order to prevent 
concurrent precipitation of uran ous phosphate during re­
duction, For this reason the use of 4 - 5N acid for in­
itial leaching purposes is important. Admittedly the acid 
cone en tra ti on of more weakly acid liquors could be adjust ed. 
prior to reduction but the use of stronger acid for leach­
ing is justified in the more rapid extraction of the uranium 
from the ore, 

(i) Metallic reduction. 

Experiments showed that complete reduction of 
synthetic torbernite solutions ( 1.5 per cent U308) could be 
effected by a minimum of four equiv8lents of either zinc or 
iron. 

In these and subsequent experiments on reduction 
and precipitation, synthetic torbernite solutions have been 
used. such solutions contained uranium, copper and phos­
phoric acid in the proportions found in the mineral torber­
ni te. The uranium was introduced as ammonium uranate diss­
olved in sulphuric acid and the copper as copper sulphate. 
These synthetic solutions consequently contained ammonium 
sulphate derived from the solution of amnonium uranate in 
sulphuric acid. Synthetic torbernite solutions made from 
the oxide 9 U308, dissolved in sulphuric acid showed no 
differences in behaviour from those solutions containing the 
ammonium sulphate and it therefore appeared that the armnon­
ium salt had little effect on the results obtained from the 
latter solutions. 

During metallic reduction a considerable amount 
of acid is consumed. Consequently, metallic reduction can 
be applied only to a batch process. However, precipitations 
of uranium tetrafluoride, oxalate or phosphate can be made 
successfully following reduction by iron. The large excess 
of iron in the solution after reduction does not cause any 
significant contamination o:f the product. Precipitation 
of uranium oxalate is unsatisfactory from solutions reduced 
with-zinc since zinc oxalate contruninates the precipitate 
to an extent which reduces the uranium content from 50 per 
cent U308 to 30 per cent U308 or less. 

(ii) Electrolytic reduction. 

Electrolytic reduction although involving 
additional plant, possesses advantages which make it the 
only method applicable to a cyclic process. 

The composition of the actual leach liquors 
introduces some difficulty in the interpretation of the 
results obtained, particularly in calculating current effic­
iencies for uranium reduction in the presence of other 
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reducible salts such.as ferric and copper sulphates. The 
reduction of both iron and copper has been assumed to occur 
in theoretical time and consequently tbe apparent current 
efficiencies for uranium reduction are in all probability 
lower than the actual values opera.ting. Nevertheless the 
results permit definite conclusions to be drawn, particularly 
with regard to optimum current density. 

The electrolyses were carried out in cells con­
sisting of one litre lead beakers, the inner bottoms of 
which were coated with a clear lacquer. Porous pots were 
used to contain the nnolyte. The walls of' the lead beakers 
f'ormed the cathode while a lead strip in the porous pots was 
used as ·the anode. The anolyte consisted of sulphuric acid 
of the same normality as the free acid in the catholyte. 
The cells had a catholyte capacity of 300 mi. and were kept 
cool by surrounding them with water in a large container. 
The course of the reduction was f'ollowed by removing a. small 
aliquot of' the catholyte and titrating tho reduced uranium 
with 0.05N potassium permang8.0ate 9 but in the presence Of 
iron, titration with o.o4N ferric sulphate solution, using 
thiocyanate as indico.tor, was employed. This latter tech­
nique would form a valuable control method in any large sco.le 
operf'.ti on. The titration with permanganate wo.s strait h:f­
forward nnd excellent results were obt2.in ed provided the tit­
rations were carried out rapidly. Slow ti trations enabled 
air oxidation of the uranous solutions to introduce variable 
errors. Titration of reduced uro.nium with ferric sulpho.te 
solution wns so.tisfc,ctory when the aliquot of the catholyte 
wo.s diluted to 100 ml. with hot wo.ter. In cold solution and 
in a small volume the oxidntion by ferric ions was too slow 
to.eno.ble the ti~ration to be performed. · 

In calculating current densities 9 nn nccure.te 
measure of the cathodic surface could be obtainci f'rom the 
copper deposit resulting f'rom the electrolysis of torber­
nite solutions, the upper edge of' the deposit being sharply 
defined age.inst the lead of' the cathode. 

Although the cathode was initially lead, the 
de'position of' copper virtually resulted in the uranium being 
reduced o.t o. copper cathodo. This effect naturDJ..ly lowers 
the current efficiency since the over-voltnge f'or hydrogen 
is very much less o.t a copper them e. t o. lead electrode. 

· The optimum current density vms determined by 
electrolysing a synthetic torbernite solution (1.5 per cent 
U308 e~d 3.25N in :free ncid) over a range of' current dens~ 
i ties and mec..suring the current ef'ficiency at 95 per cent 
reduction. For each vo.lue of' .current density a grc.ph show­
ing per cent reduction o.gninst time was· prepared and the 
actuei time for 95 per cent reduction read from the curve. 
Owing to the possible reduction of' uranium to the trivalent 
stnge the rnte of' reduction does not fall off ns sharply when 
appronching the completion of' the tetravalent stage as might 
otherwise be expected, and up to 95 per cent reduction the 
time required is c.lw o.ys recdily de fin ed. Towards 100 per 
cent reduction the exnct time is not definable with certainty 
nnd 9 f'or this rocson 1 the current ef'f'iciencies hnve been de­
termined at 95 per cent reduction. 

From the plot of' current efficiency against 
current density ~s shown in curve A, Fig. 4, it is.seen that 
the best current efficiencies are obtnined at low values of 
current density - not greater thnn 2 amps. per sq. ft. At 
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t3'UCh a current dcnsi ty 9 n current efficiency of 68 per cent 
obtains f'or the synthetic torbernite solution used. 
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The concentr~tion of uranium hes a pronounced 
inf'luence on the current e1'ficiency nnd this is clecrly 
evident in Tnble 11 9 which shows tho current efficiencies 
obta.ined with vc,rying conce~1trntions of uranium ate. curr­
ent density of 2 EU"nps./sq.ft. A concentration greoter · 
than 2.8 per cont U30S was not employed since this v2lue is 
not likely to be exceeded in liquors from low grc.de ores. 
From the srunc table it is seen that, except f'or the dilu to 
solution, acidity has not such e. marked effect as might bo 
e.n ticipo.t ed. The 2. 8 per cent s oJ.ution elec trolys0d in 
3. 25N free acid deposited phosphate, confirming the earlier 
stc. ternent regnrdi ng cri ti co.l n ormnli ty and this precipi t­
at ion was probably responsible for the lower c;urrent 
efficiency recorded. 
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Concentro.tion Free Acid Current e:f':f'i ci ency 
% U308 Normality (at 95 per cent re due-

ti on). 

2.8 3. 25 76 (deposited U3(Po4)4 
2.8 4.00 80 
2.8 5. 00 81i 

1. 4 3. 25- 68 
1. 4 4.00 70 
1:. 4 5.00 70 

0.93 3. 25 47 
0.93 4,00 57 
0.93 5.00 i 61i 

-'---
Variation in cell design may ho..ve o. beneficial 

e:f'f'ect on the operG ting efficiencies o.nd a feY~ electrolyses 
were carried out with a cell of different construction in 
which a leod sheet anode is covered with o. closely fitting 
diaphragm of' o.sb est os cloth impre gn ri.t ed with silica. In a 
cell of this type the volume of' the anolyte is considerably 
reduced o.nd the totol electrical resistance of' the cell be­
comes more nenrly t ho.t of the cnt holyt e which~ bec~:i.us e of t hG 
greater ionic concentro.tion 9 is 2ppreciably lower. In such 

) 

a cell the energy efficiency for reduction is somewhat greater9 

e.g. the opercting voltage f'or similar current density was 
2.40 volts as ngainst 2,55 volts f'or the porous pot type. 
Curve B in fig. 4 represents the plot of current efficiency 
against current density for this cell and it is seGn that 
although the~f'iciency nt low current densities is of the 
snme order c.s from the first typo of cell 9 the efficiency does 
not f'rul of'f' ns rc.pidly with-increci.sing current deosity. 

Observations oo the individual effects of' con­
t omin cmt s were limited to f'luosilicic c,cid ecndiiron, the 
latter being by f'2r tho most important. As stated previous-
ly9 theoretical current eff'icieocy had to be assumed f'or the 
reduction of iron o.s well ns f'or copper nnd the current 
efficiency for uranium reduction under these conditions is 
bo.sed on the sum of the theoretical reduction times for all 
three elements. In T.",blt:J 12 nre th.:: rcsul ts from electroly-
tic reduction of synthetic torbernite solutions (3.25N in 
:free acid) which contcdned the mo.ximum contominntion concen­
tration of' iron (1.8 per cent iron) and of f'luosilicic acid 
(2.7 per cent fluorine). From these results it is seen 
that even with the assumptions mBde in calculating current 
ef'f'iciency re:ferred to above, the 2ctuc_l current ef'f'icien­
cies 1:~re somewhat better than those obt~iined previously for 
the some concentration oi' uranium in synthetic torbernite 
solutions. Included in To_ble 12 is the result obt.-iined 
f'or the reduction of' a true leech liguor containing the 
maximum concentration Of Cell contrnnin2nts; this ShOWS good 
agreement with tbe other resu}_ts. 
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I Contomino.tion Jcurr?~1~urren t effic-

ldensi t.y iency nt 95 per 
mnp'2/ cent re<?-uction 
I f u -. of uranium. 
I I % 

-----~~·~-t-------~--1------~~---~~-+- ':~------------------1 

I Synthetic 
torbernite 

ti 

Le<cch liquor 
ex ~ table 9,. 

1 .• 311 

1.40 

1. 86 

1.8 per cent 
iron. 

2. 7 per cent 
fluorine 

( o.s H2SiF6) 

M:•..ximum of nJ.l 
cont runin n.n ts. 

I 
82 

I 

I 
I 

83 

75" 

The somewhat higher eff'icicncies obto.ined in 
the presence of conto.minents app00.r to be due to the presence 
of iron. Even nllowing theoretical efficiency for iron re­
ductior:i, the efficiencies for the ur::rnium in the pr-csence of 
iron ore higher then in corresponding solutions where iron .is 
absent but other contamino.nts are present. Moreover, it has 
been observed th2t, with maximum conto.minrttion liquors 9 curr­
ent efficiencies for uranium reduction of the order of 70 per 
cent are obtainc.ble at very much higher current densities than 
that quoted o.s the optimum for synthetic to1~uernite solutions. 

The prescr:ice of such 12rge amounts of iron in 
actucl leach liquors introduces n certo.in reduction in the 
electrice.l economy of the process since n 12trge proportion of' 
the electric81 energy is used in e8ch cycle to perf'orm no 
usef'ul work. Unfortunately the iron becomes reoxidised dur-
ing p2ss2ge of the leach liquor through the leaching cycle 
but there seems to be no menns of' overcoming this problem. 

Some preliminary reductior:s were 2ttempted using 
synthetic torbernite solutions in which the uranium was pres-
ent ns urRnyl nitrc.te. With these solutions 100 per cent 
reduction could not be attained and the limited reduction 
possible was exceedingly slow. such incomplete reduction 
was undoubtedly due to the oxidising chQrocter of the nitric 
2cid present end it is essential to the success of' the pro­
cess developed in this work th~t nitrates or nitric acid be 
nbsen t from the lcac h liquors. This es pect of the problem 
f'urtbor emphasises the unsuitability of nitric acid as a 
leaching agent. 

Stirring of the cat hoiyt e wo.s not used during 
the above lnboro.tory experiments but would doubtless be ad-
vanto.gcous. Such refinements c::s stirrir:ig c;.nd vo.rirations in 
cell design are properly in the domoin of pilot plant te.ch­
nique and it is sufficient to record here the orders of 
optimum current dcnsi ties and corresponding current effic­
ie'.1ci es. 

B. Precipit2tio~. 

Four methods~ involving the precipitation of 
sodium uro.nous fluorides mid un:-..nous fluoride, axe.late o.nd 
phosphecte~ hnve been inv.cstigr:cted and c.re described in de­
tail below. 
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( i) Sodium urE'.n ous f'luoride. 

When sodium fluoride is added to a. solution of' o. 
ura.nous sa.lt; B green precipitnte of' sodium uro.nous fluoride 
(NnUF5, H20) is f'ormed, the physic[\l properties of which C'.rc 
chccro.cterized by rnpid settling, which f'o.cilitates dccc.ntc..tion 
of the.mother liquor, and n granulo.r formwhich permits ro.pid 
f'iltr2tion. It wns found in preliminary experiments with 
this compound th2,t it could be precipitated from quite strong­
ly o.cid solutions o:f uro..nyl sulphnt (:; ::md in moderntely good 

yield. 
The conditions for optimum yield of this compound 

W8l"O dc;termincc1 by prccipitc.ting the selt from c reduced 
synthetic torbernite solution by the uddition of solid sodium 

fluoride. 
The synthdtic torbernito solution, 2 per cent 

U308 o.nd 4N in free ncid, was chosen of such concentrntion in 
urD.niurn Md free acid o.s to represent tl10.t of an o.verc.gc 
leo.ch liquor. The addition of sodium fluoride in the solid 
form WPS neccsso.ry in order to cvoid dilution of the c.cid 
liquor, an importo.nt fo.ctor in ony cyclic process. 
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It wns found· the.t no precipi ta ti on of tho com­
plex :fluoride occurred until et least one equi vr-.lent of' 
sodium fluoride hnd been added, at which sto.ge a yield of' 
47 p0r cent wc.rn obtained. As shown in Fig. 5 1 f'urther 
ndditions of the precipitant incre2.scd the yield and also 
improved the physicc.l propertii;::s of the pre;cipitate. A 
yield of 84 per cent was obto.ined with three equivalents 
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of sodium fluoride but more the.n this amount resulted in 
vory little further increase in yield. 

Other factors such e.s low acidity of' the sol­
ution he.d a marked inf'lucnce on the yield but since the 
merits of' the recover~/ of' uranium e.s -this compound lay in the 
preserv2~tion of the acid liquor, no good purpose could be 
served by reducing the ncid concentr2tion in an o.ttempt to 
improve yi olds. 

\11/hen this met hod of recovery was applied to true 
leach liquors it was found that the product was contaminated 
with aluminittm in the form of sodium aluminium fluoride. 
'I'he extent of' this contamination was such as to reduce the 
U308 content 'of the precipitate f'rom 75 per cent to 35 per 
cent, although the percentage of o.luminium wo.s not large 9 

being only obou t 6 per cent. 

(ii) Uranium tetrafluoride. 

In an endeavour to overcome the difficulty of' 
co-procipi t ati on of aluminium v1i th uranium, hydrofluoric 
acid was substituted for sodium fluoride ns the precipit-
ating agent. A green pre<:dpi tat e of uranium t etra:fluorido 
is thus obtained which, in the pu11 e :form, has the formula. 
UFJJ_.H201 This compound also ho.s the desire.ble property of' 
quick settling wl1ich made sodium uranous f'luoridc initially 
so 2.t tro.cti vc. Furthermore, since aluminium :fluoride re­
mnin s soluble the product is substo.ntially free f'rom alum-
inium. 
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The conditions for optimum yield of uranous 
fluoride are.almost identical with those obtaining for the 
complex sodium salt. It v10.s found (Fig. 6) that 3 equiv­
alents of hydrofluoric acid as the 38 per cent commercial 
grcde wore required to give the optimum yield. From syn.-
thetic torbernite solutions 2 per cent in U308 and 4N in 
free acid9 the yield was 76 per cent, the uranium content 
of' the product, expressed for convenience as U303, being 
77 per cent. Acid normality appeared to exert littl8 
influence on yield, but va.riations in the concentro.tion of 
uranium had a marked ef'f'ect. This is shown in Table 139 

which gives the yields, expressed in terms of u305, obtained 
from synthetic torbernite solutions over the range 0.93-2.8 
per cent U308 o.nd in 4 and 5H f'ree acid, three equivalents 
of the precipitant being used. 

TABLE 13. 

synthetic torbernite Yield of Uranium Yield of' uraniu 
solution UF4H20 :from content gm. U308 % 

Concentra- Free acid 200 ml. of UF4H20• 
ti on normality solution % U308. 

% U303 gm. 

2.8 4 5. 52 77.8 4.29 76.7 
1. 4 5 2.53 77~4 1i. 96 73.6 
1. 4 4 2. 62 77.3 2.02 73.7 
0.93 5 1. 57 77.4 1. 21i 65.0 
0.93 4 1. 48 80.5 1. 19 64.0 

-
From this it is evident that production of the more concen­
trated leach solutions is desirable particularly from the 
point of' view of' a cyclic process, otherwise too gruat a pro­
portion of' the uranium remains in the cycle with consequent 
increase in washing losses. This again emphasises the need 
for leaching an ore with low reteotion characteristics. 

From actual leach liquors the recovery of' uran­
ium e.s the tetraf'luoride is almost as good as from the syn-
thetic torbernite solutions. From six leach liquors an 
average yield of' 73 per cent was obtained, the average com­
position o:f the product being 72 per cent U308• 

(iii) Uranous phosphate. 

When synthetic torbernite solutions containing 
1.5 per cent U30s are electrolytically reduced, gelatinous 
uranous phosphate (U3(P04)4) is precipitated unless the acid 
normality exceeds 3.15N. These precipitates 9 eve~1 when set 
to a gel, become cryst2lline on boiling or even on heating 
for an hour at 80-9ooc. · By reducing solutions of' slightly 
greater acidity, no precipitation occurs in the cold, but 
the same crystalline precipitate is obtained on heating. 
Tho vrecipitate settles and filters extremely well, but 
analysis shows that con sider ob le co-precipi t c-1.ti on of sul­
phate ion occurs, the formula of the material approximating 
to U3(P04)3(so4) 1,. 5 , 7H20 after drying to constant weight 
at 110°c. 

The phosphoric acid present in autunite and 
torberni t e is only suf'f'ici en t to combine with 75 per cent 
of the uranium when the latter is reduced to the tetra­
valent state (assuming that uranous orthophosphate is 
f'ormed). . Precipitations were therefore carried out in 
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synthetic torbernite solutions ( 1.5 per cent u305) in the 
presence of up to four times the amount of phosphoric acid 
usually associated with uranium in torbernite. In all in-
stances, solutions were heated rapidly to the boiling point,. 
boiled f'or 1-2 minutes, cooled and filtered. From a 8.olor'­
imetric estimatiun of the uranium in the filtrate, the per-
cen tnge procipi tated could be determined. Results nre 
shown in •rable 14. 

TJ.:SLE_ 1!:f.. 

·Normality of :free ' Equivalents of phos- Percentage Of 
sulphuric 8.Cid phoric acid present uranium precipi tt 

- - ated % 

3. 15 o. 75 28 
II ti.07 60 
II 1 •• 16 70 
II 1. 31 77 
II 11. 50 90 
" ·2. 25 90 
It 3.00 90 

3.90 1;. 50 47 
3.60 It 58 
3.40 II 68 
3.27 " 82 
3.15 " 90 

3.90 3. 0 71 
4.50 3.0 59 

In this table, resu:.t ts n~"' also given for the perc en to.ge of 
uranium precipitated when the acidity of the solution is 
varied. It is evident that the method is most use:f'ul when 
the acidity is controlled within rather narrow limits. 
Despite this handicap, the use of phosphoric acid as pre­
cipitant is worthy of further consideration, bec8.use it 
does not give rise to the additional contrunination of le2ch 
liquors which occurs when hydro:fluoric or oxalic acids are 
used. Moreover, nccordin g to the formul2, given above, the 
phosphc.~te precipitctes only contain nbout 75 per cent of 
the theoreti.cal nrnount o:f phosphorus pentoxide. Hence, 
if o. 75 equivalents of phosphoric acid be o.dded to a re­
duced lea.ch liquor already containing O. 75 equivnlents de­
r'ived from the solution of' torbernite, nearly )0 per cent 
o:f the uranium will be precipitated and the :filtrate will 
still contain about 0.75 equivalents of' phosphoric acid. 
By recycling this filtrate over a second lot of ore, a 
:flH'ther o. 75 equivalents will be dissolved with the uran­
ium and no :f'urther addition of reagent to tho reduced 
leach liquor will be necessary 9 i.e. during each subseq­
uent cycle, sufficient phosphoric acid will be leached 
to obviate the need for adding any :f'urther acid :fro~ ex­
traneous sources. 

1.ttempts ·were there:fore made to apply this process 
to the precipitation of uranium from synthetic leach 
liquors containing the maximum quantity o:f contaminating 
salts. (It is important to note that such solution are 
approximately 30 p0r cent stronger than those prepared 
:for leaching purposes (see p.18), since the latter diss­
olve additional iron, mQnganese, etc. during the leaching 
of' the ore, be:fore they are finally drained off and 
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' 



- 30 -

treated for the recovery of uranium). Although the method 
employed was id en ti cal with that used ·for the earlier pre­
cipi t ntions from synthetic torbernite solutions 9 yields were 
often below 25 per cent 9 :i.nd, even in the presence of four 
equivalents of' phosphoric acid 9 did not exca'ed 60 per cent. 
Furthermore, great difficulty was experienced in obtaining 
reasonable agreement bctvrnen replica to precipitations. 

A study of' the variables af'f'ec.ting the yield 
indicated that the contaminating s~~ts present in solution 
tended to inhibit the precipitation of uranous phosphate 
and that only by controlling the rate and duration of heat-
ing could this effect be even partly overcome. Even with 
slow heating, and by holding the hot solution at remperatu·res. 
close to tho boiling point for· several hours 9 the yield 
could not be consistently raised beyond 70-75 per cent. 
To achieve this, the addition of' 3-4 equivalents of' phos-
phoric acid was necessary. In a cyclic process this excess. 
of phosphoric acid would build up sufficiently to require 
a higher normality of' sulphuric acid during electrolytic 
reduction; hence careful control of' acidity would be re­
guired to prevent the yield of' phosphate falling below 70 
per oent. The method is thus less si.~'.;;ractive when applied 
to coll\taminated leach liquors, particularly as phosphoric 
acid. must be added at the end of each leachiAg cycle in 
order to obtain the. maximum yield .of uranium. 

·(iv) Uranous oxalate. 

Uranous oxalate, lil.;:e ·thorium ox8.ls.te, :1-s only 
slightly soluble in .strongly acid solutions. The preeip-
i tate is bulky and gelatinous when formed in the cold, but 
becomes crystalline on heating, and is then readily washed 
and filtered. In view of' the misleading results obtained 
in the phosphoric acid precipitation from synthetic torb­
erni te solutions, practically all oxalic acid precipi tntion·s 
were done in synthetic leach liquors containing the rne.ximum 
rnnoun t of cont runi nan ts, assuming t be cyclic lec.ching scheme 
described on p. t6 et seq. to be operating. · 

Variables investignted included the technique of 
precipit2tion, acidity of solutions, number of' equivalents 
of oxalic and phosphoric acids, concentrction of uranium, 
and c omposi ti on of the precipitate. These will b0 dis-
cussed in order. 

(o.) Technique of precipitation. 

Although it wns known from the outset that very 
good yields could be obtained with this method, great 
di:ff'iculty was experienced in obtaining reproducible re­
sults for compo.n'. ti ve purposes until the conditions of' 
precipi tEttion were sto.ndardizcd. Despi tG the fo.ct tho.t 
the gelatinous oxalo.tes~ precipitated in the cold, can 
be mo.de crystalline by heo.t ing soon ofter precipi tntion, , 
there c..re indications tho.t a:rter ngeing for an hour or more, 
the precipitate may remain non-crystalline even with pro-
longed hoe.ting. This danger wns avoided by ad.opting, as 
standnrd procedure 9 the e.ddi ti on of' gro.nulo.r oxalic acid 
to the cold solutions; under these circumstances, most of' 
the oxo.lic o.cid does not dissolve until the solution is 
warm enough to produce o. crystalline precipitate. In 
accord with this procedure, solutions were not stirred 
until the temperature reached 70-80°0. The :final temper­
ature o.nd the rate of' heating are alsci of' importance, o.nd 
slowly· heated solutions which are finally boiled for a 





• 

- 31i -

few minutes (ca. 1os 0 c.) may give up to 5 per cent higher 
yields than solutions heated to 95°c. All experimental pre­
cipitations were therefore controlled by heating a constant 
volume ( 100 ml.) of reduced synthetic leach liquor for 50-75 
mins. on a hot plate, starting from the cold, and reaching a 
final temperature of 95-t00°c. These conditions gi~e a some­
what lower yield tho.n may be obtained under optimum conditions, 
but this ensures that results, at least as good as those shown 
in Fig.7, will be reproducible without dif:ficulty in practice. 

The oxalate precipitates are much more soluble in 
hot than in cold acid 9 and the hot solutions readily become 
supersaturated on cooling. The minor difficulties intro­
duced by this phenomenon will be dealt with at a later stege. 

(c) Acidity of solutions. 

Yields from solutions containing 3. 25N sulphuric 
acid di:ffered by less than 2 per cent :from those carried out 
in 5N acid. For convenience, most precipitations were done 
in 4N sulphuric acid. 

(c) Equivalents of oxalic and phosphoric acid. 

The e:f:fects of these two o.cids o.re so closely re­
lated that it was· impossible to consider them separately. 
Precipitations were therefore made to cover the ranges 0.7-
2. 3 equi vo.lents o:f oxalic acid and O. 75-3. O egui valents of 
phosphoric acid 9 the maximum figure in the latter instance 
being greater tnun would ever occur in an actual cyclic 
leaching progro.m9 using oxalic acid for precipitating the 
uranium. 

Since colorimetric estimations of the small amounts0 

of uranium left in the heavily contamino.ted filtrates were un­
satisfactory9 the precipitates were filtered 9 washed with 
water, dried for two hours at 11ooc,, and weighed. The uran­
ium content could then be determined colorimetrically in the 
solution obtained by dissolving a known weight of precipitate 
in nitric acid (which also oxidised the uranium) and diluting 
to the required volume with sulphuric acid. Results are 
shown graphically in Fig.7 9 :for solutions containing 1.5 per 
cent U308• 
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Although high yields were obtained with relatively 
small amounts of' oxalic acid, the precipitations over the 
range o. 6-1.1· equivalents of' oxalic acid were difficult to 
!icproduce, particularly in the presence of lo.r.ge mmounts of' 
phosphoric acid, and the figures given must therefore be 
accepted with caution. Moreover, in this range, supersatur­
ation troubles were so great_ that any method of' precipitation 
used in practice should use at least 1.5 equivalents of' oxalic 
acid. In some cases, seeding and vigorous stirring of' the 
solutions did not appreciably increase the rate of crystall­
ization of' the .oxalates and it was necessc.ry to allow solutions 
to st o.nd for several days before preci pit at ion wo.s cornplet ed. 
The solution corresponding to point X (Fig.7) was perfectly 
clear f'ive hours after removal f'rom the hot plate, despite con-
tinuous stirring. On the other hand, with solutions lying to 
t·he right of the dotted line AB (Fig. 7), no appreciable 
supersaturation is evident after the solutions have been stir­
red f'or two hours while cooling, and this is consequently the 
range in which it is most desiro.ble to work. 

Fig. 7 also shows the results obtained by precip­
i tating urnnous oxalate f'rom reduced synthetic torbernite 
solutions. It is obvious that these results are of' little 

·value when applied to fully contaminated leach liquors. 

(d) Concentration of' uranium. 

Fig. 8 indicates the variation in yield as the 
uranium concentration is varied over the range 0.75-3.0 per 
cent u3oa. Most precipitc.tions were done in solutions con­
taining 1.5 per cent U308, since this is the order of' con­
centration obtained in r.ctual loach liquors f'rom o. 25 per . 
cent ore using the cyclic method described on p.16 et seq. 
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(e) Composition or precipitate. 

Analysis of the oxalate precipitates, dried at 
110°c., shows them to contain up to 13.5 per cent P205 and 
2.4 per cent so3, the amounts ot' these impurities varying 
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with the circumstances of precipitation. Thorough washing 
of the precipitates with water does not remove appreciable 
quantities of' these contaminants. The sulphe.te impurity is 
unimportant, but the amount of phosphoric acid combined in 
a precipitate affects the concentration of phosphoric acid 
left in the filtrate, and this in turn affects the maximum 
concentration obtainable in a cyclic leaching process. It 
thus became necessary to analyse a variety of' precipitates 
in order to determine the magnitude of this effect, and the 
results are shown in Fig. ~. 
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From these results, nnd those of Fig. 79 it is 
possible to calculate that the maxirmim phosphoric acid con­
tamination in the cyclic leaching of -1 inch ore, when 
precipitating with 1.5 equivalents of oxalic acid, will 
correspond to 1.1 equivalents of phosphoric acid (in leach 
liquors containing 1.5 per cent U30a). If the precipit­
ation be done with 1.75 equivalents of oxalic acid, the 
precipitate contains less phosphate impurity, more phos­
phoric acid remains in the f'iltrate, and the calculated 
maximum concentration is incrensed to nearly 1.5 equival­
ents. This leads to a higher yield, with no supersatur­
ation troubles, at the expense of only 0.25 extra equiv-
alents of oxalic acid. · 

1.75 equivalents of phosphoric acid is therefore 
taken as the optimum f'or solutions con teining 1.5 per cent 
U308• With more concentrated solutions, the phosphate. 
content of the precipitates is even smaller for the srune 
number of equivalents of oxalic acid, yields are higher, 
and it is possible to get 90 per cent yields V'ii th consid­
erably less oxalic acid, if' desired. With weaker solutions 
( < 1i per cent u3os), the reverse is true and the whole pro­
cess is less satisfactory and more expensive. 

I 
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7. THE RECOVERY OF RADIUM. 

Throughout this investigation the possibility of 
radium recovery from Mount Painter torberni te and autuni te 
ore hns been subordinnted to the recovery of uranium. The 
use of sulphuric acid as a leaching agent for the uranium has 
the effect of converting the associated radium to the highly 
insoluble radium sulphate. This salt may be recovered by 
washing the ore after leaching has been completed and collect­
ing the fines which settle out from the wash liquors. The 
amount of washing required to recover a reasonable proportion 
of' th~ radium has not been determined, but during the cyclic 
leaching process described on page 16 et seq. each lot of 
spent ore was washed at least three times with water. The 
fines so. obtained, when combined with those which settled out 
from the leach liquors, were regarded ns radium concentrates. 
From a total of 70 kg. of ore, 1.5 kg. of these concentrates 
was obtained. This represented 2.1% of the total ore, com­
pared with 8% of fine material (-14 -/I) originally present. 

Fore ach per cent of U388 contained in unweathered 
torbernite ore, 2.35 milligrams of radium element are present 
per ton of ore. This is somewhat less than the equilibrium 
value and the amount actually recoverable would be consider-· 
ably less. The methods for recovery of the radium, from 
the fines or sludge, in a relatively concentrated :t?orm pres­
ent no serious difficulties and, if' desired, the preliminary 
stages could be done in conjunction with the uranium recovery 
process. 

At least two methods are available. 

Hot concentrated sulphuric acid may be employed to 
dissolve out the radium sulphate from the sludge, the radium 
sulphate being then reprecipitated together with the sul­
phates of' lead and barium on dilution. 

Alternatively, the fines end sludge may be carbon­
ated by boiling with sodium carbonate solution and the washed 
residue leached with dilute hydrochloric acid. Addition of 
dilute sulphuric acid to the filtrate will then p~ecipitate. 
the enric bed in soluble sulphates of' radium, barium and lead. 
In either case, the product obtained would be suitable. for 
elaboration to high grade radium salts by subsequent labor­
atory mo.nipulations. 

8. DISCUSSION OF METHODS. 

Of the leaching methods described in this paper, 
the cyclic process is preferred because it achieves a 65-70 
per cent recovery of uranium from the ore while using the 
minimum amounts of sulphuric acid and water. The only out­
standing disadvantage of this process is the extra electrical 
energy required to reduce all the iron in the leach liquor 
at tho end of every cycle. Although this difficulty may 
be overcome by adopting a non-cyclic process 9 the consump .... 
tion of acid and water is much greater and it is not possible 
to recover all the uranium from the final leach liquors un­
less the relatively unsatisfactory sodium carbonate process, 
described on p.20, is adopted. 

The same arguments favor the use of electrolytic 
reduction, since the .simpler process using scrap iron as the 
reducing agent uses unduly large quo.ntities of acid and con­
taminates the liquor with ferrous sulphate to such an extent 
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that it cannot be satisfactorily recycled. Metallic zinc 
is even loss satisf':::i.ctory if' oxalic acid be used as the pre­
cipitant, since le.rge quenti ti es of' zihc oxnlate are f'ound 
in the uranous oxalete precipitate. 

By conventional ore-dressing methods, it is poss~ 
ible_ to prepare concentro.tes from the low-gro.de ore which 
contain up to 85 per cent of' the total uranium in the orig-
inal material. such enriched f'ines me.y be leached with 
much smnller volumes of acid, but the over8J.1 recovery of 
uranium is only slightly better ,than thi!t o.chieved with -1 
inch ore 8nd, unless the leach liquor is removed by centrif'ug­
ing, so much water is required to recover it that the origin-
al saving of' water is nlmost entirely of'f'set. The extra 
equipment required for this method does,not therefore appev~ 
to be justifiable~ unless the srwing of wc.ter is the para­
mount consideration. 

Of the methods of' precipitetion described nt an 
earlier st2ge 9 only those using hydrofluoric or oxnlic c.cid 
nre regc..rded ns so.tisfactory. In the phosphoric acid pre­
cipitction9 the yield is not suff'iciently high to justif'y 
the pnrticulnrly cnref'ul control which is required, while 
the precipitate formed by ndding sodium f'luoride to reduced 
soilmtions is too heo.vily contr-:minc.tcd with 0r;y-olite 
(Nn3AlF6) to be of nruch vnlue. · By comp~'.rison, the oxclP.te 
precipitate f'rom liquors of mrucirrrum contmnino.tion contains 
50-52 per cent U305 compnred with 56 per cent for the pre­
cipi t o.t e f'rom synthetic torberni t e solutions. · Ura.nous 
fluoride precipitated under the most unfo.vourable conditions 
still canto.ins 70 per cent U305. 

It is dif'f'icult to choose between the f'luoride nnd 
oxnlc. tc precipfto.t es. Much lower yields <Te obto.ined with 
the former (lee.ding to increo.sed wLshing losses in a cyclic 
process), end it tends to become gelc.tinous in the presence 
of' cont['lTiinnting selts, although it settles rapidly and 
wc.s hes well by deco.n tc,tion when precipi tc.t ed f'rom synthetic 
torbernite solutions. The C'111ount of' hydrof'luoric acid re-. 
quired for this method is elso more expensive them the re-
quired Pmount of' axe.lie ncid. Howev0r, if it be desired to 
prepc,re metallic urcmium~ or l,lrnnium hexaflluoride, :from the 
compounds produced in the cyclic process, the f'luoride 
nppep~s to be the more suitnble compound despite the disvn­
Vru1tages which hnve been mentioned, but up to the present 
it has not been possible to obtcin informntion on this 
score. If' the chemical nnture of' the compound produced by 
the cyclic process is of' little significance, the oxalic 
ncid method is preferred, since it produces a high yield 
of a precipitate which is ensy to wnsh and filter. · This 
conclusion takes nccoun t of the :fo.ct th<:<t ·it is necessc,ry 
to beet solutions in the oxalic 2cid method,. since this 
disndvontnge is bcJ.nnced by ~hat lrising f'rom the need for 
special e.ppnrntus c.nd preco.ution·s in z::, method using hydro­
f'luoric acid. 

9. CONCLUSIONS. 

The low grade uranium ore f'rom Mount Po.inter, 
No.6 w©rkings, can be successfully treated by n cyclic, 
ncid-leaching process. 

The procedure developed is suited to mine con­
ditions since no eleborate chemicnl equipment is involved 
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f'.nd the water requirements of' the process nre relntively 
smnll. The only special items of equipment necessery are 
electrolytic cells and e source of direct-current voltage, 
and these could be installed and maintained at the mine with 
little difficulty. 

After being crushed to -1 inch size the ore cen be 
lenched directly without any previous up-gro.ding and an over­
all yield of 65-70 per cent of the uranium content is readily 
obtoined. Acid consumption is kept at a minimum by recycl-
ing the leRch liquors e.fter uranium has been removed. 

The uranium is finally recovered either ns the 
tetre.fluoride or as the oxalate thereby representing o. con­
cen trntion of the uranium of between 200 and 300 : 1 from 
the low grnde ore. 

Concurrent recovery of rndi.um is possible though in 
somewhat reduced yields. 
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METHOD OF ASSAY ADOPTED FOR THE ESTIMATION OF URANIUM 

IN..J.'lQ.1lliT PAINTER ORE 

by 

T'• W. DALWOOD 

Analyst and .As sayer Dep!?crtment of' Mines 

south Austre.J.inn School of' Mines and Industries 

Adelaide. 

1,. INTRODUG'T ION. 

The uranium minerols commonly encountered in this 
area consist almost entirely of copper-uro.nium phosphates 
(torbernite 2nd meta-torbernite) and cnlcium-uranium phos­
phnte ( autuni te). Investigntion showed that the ore con­
tained, at most, only small traces of' non-ncid soluble uran­
ium of' no economic interest nnd the absence of .an inter:fer­
ing nrnount of vcmndium. 

Assaying presented no particulnr problem, except 
thnt it W8S found necessary to purify the uranium phosphate 
which is gener3lly accepted as the final product in the 
usual methods of css8y. Smc.ll errors due to impurities in 
the f'inal precipitate which w9uld hc.ve little si gnif'icance 
in ore of'. reasonable u1·c.nium content, became serious when 
dee.ling with the extremely low-grc,de mnterinl :for which the 
modif'ication was adoptedo 

2. PROCEDURE. 

Boil from 0.5 grcm to 5 grtms of' finely ground 
ore (according to the 8mount of' uranium present) with 10 .ml.. 
of HN03 in.a 150 ml. squat beaker. Evapor~te to dryness 
but do not bake. Boil the residue with 5 ml. of HCl and 
40 ml. of water~ . Filter into a 250 ml. beC\ker and WP.sh 
with hot water to a bulk of' o.pproximntely 100 ml. Warm 
the f'iltrQte and pnss H2S until all the iron is reduced. 
Again warm nnd pass a stendy stream of' H2S f'or not less than 
five minutes~ Filter into a 300 ml. beo.ker and w~sh with 
H2S water containing a little HCl. Boil off' the H2S from 
the f'il tro.te. Oxidize the iron by c.dding o. little KCl03 
c.nd boiling for some minutes. Pour the solution into 50 ml. 
of' hot 10% No.2003 solution contained in a 400 ml. benker e.nd 
boil for e.bout ten minutes. Remove from the heo.t and add 
5 grems of NH4c1. Stir and set aside without f'urther heat­
ing f'or severo.l hours (preferably overnight). Filter into 
a 600 ml. beo.ker• Dnd wash once with a% (NH4) 2 C03 solution. 
Retain the f'iltrntee Transfer the f'ilter paper nnd pre-
cipitate beck into the 400 ml. bealcer and dissolve the pre-
cipitate by heating with 50 ml. of 10% HC1. Pour the 
solution and pulp into 50 ml. of' hot 10% Na2C03 solution, 
boil for ten minutes nnd add 5 grams of' NH4Cl as before• 
Allow to stand without heating f'or not less than one hour. 
Filter into the filtre.te from the f'irst precipitation and 
wash f'i ve or six times with 2% (NH4) 2 C03 solution. Boil 
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the f'iltrete fqr some minutes to decompose most of' the 
(NH4)2 C03. Slightly acidify the solution with HN03·and 
boil off' the C02. Add micro~osmic salt equal to not less 
thnn ten times the weight of uranium present. Add HN03 
drop by drop until the precipitate formed is just dissolved. 
Now add 10 grruns of Na2s203 and 25 ml.. of acetic acid. 
Boil for five minutes and add 10 ml. of 25% ammonium acetate 
solution. Continue the boiling f'or ten minutes and then 
allow to stnnd until the precipitate has settled. Filter 
and wash thoroughly with hot water. Ignite we.t in a pDrG!:e­
lain crucible, cautiously at first and finally over the full 
he2t of a bunsen flame. Cool and moisten the residue with 
HN03. CarefU.lly evaporate to dryness and then ignite over 
a buns en :trlame. 

It has b_een found that tho uranium phosphnte at this 
stage is invc,riably impure, being contaminated with small 
amounts of alumina, iron, etc. The following procedure for 
purification has proved satisfactory:-

Dissolve the phosphates in the crucible in a very little 
hot HCl and evaporate nearly to dryness. Add a few ml. of 
water and warm to dissolve. Wash into·a 150 ml. beaker 
conta;i.ning 2 grruns of pure Na2C03 using as little water as 
possible. Boil for a few minutes and add 10 ml. of' 20% 
NH4Cl solution. Disregard any precipitate. Pass H2s· 
through the solution f'or about f'ive minutes· and allow to 
stand without heating f'or at leo.st one hour. Add a f'ew ml. 
of' strong (NH4)2 C03 and then filter and wash with H2S water 
containing 2% (NH4)2 C03.. Acidif'y the filtrate with HCl 
and boil of'f C02 and H2S· Add about 1 ml. of BN03 and boil 
well to oxidiae. Add 2 ml. of' microcosmic salt solution 
(41 grams per litre), 2 drops of' methyl red indicator? _then 
NH40H drop by drop to neutral point and 2 drops in excess. 
Add a little filter pulp and boil for two minutes. Allow 
to stnnd warm f'or about one hou~. Add 1 drop of NH40H and 
filter and wash with 2% NH4N63 solution made ju~t ammoniacal. 
Ignite wet in a weighed porcelain crucible. cautiously at 
fir.st and finally over the full- heat of' a. bunsen flame. 
Cool, add a li_ttle HN03 and evaporate to dryness. Ignite, 
cool in a desiccator and weigh as ( U02) 2 P207. · Weight of 
(uo2)2 P207 multiplied by o.7863 equals weight of U308 
f'ound. 
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PART VI - MISCELLANEOUS REPORTS. 

Ic PRELIMINARY REPORT ON SPECTROGRAPHIO Al!AI.YSES 01', URANIFEROUS ORES. 
y 

PROFESSOR KERR GRANT and K. B. MATHER, 
Physics Department, University of' Adelaide. 

This report surm~rises work carried out in the Physics Depar~ment of 
the University of Adelaide, in connection with the spectrographic 
estimetion of' UI'anium in its ores. 

The uranium spectrum is notoriousl~r rich in lines, but few per­
sist from ores containing less than o. 5% uranium. 

Pr el iminal'y a11a1ysos using chemically analysed ores from Mount 
Paintel' and clscv1hcre (Euppliod by Mr. Dalwooa, Analyst & Assayer, 
South Australian School of Mines) indicated that the electric D. c. 
arc between graphite electrodes would pc::rmit' detect ion of' about o. 1% 
of uranium. However, the presence of' a .f'ul.ly developed iron spec-
trum added conside.I'able d if'ficuJ. ty, with tho spectragraph used. 
Masking of' important uranium l.inos by iron lines f'roquontly occurred .. 

Estimates of th0 most intense arc lines recorded between 5,000 
and 2, 500 A. u. oont.ra dieted tho pub+ishcd 11 Ro ics Ul times" of' Pollok 
and Leona.rd (who used spark methods). 

It was therefore decided, at this stoge, to undortoko o compl.oto 
examination. of' the uranium spectrum in respect to true line intensi­
ties, line sensitivities to concentration, and interf'erences of' 
Ul'Snium lines with lines of elerrents present in typical ores. This 
work aims at determining the essential data required f'or any 
spoctrographic analyses of' uranium. It is not yet complete. 

A complementary aspect has been tho devel.opm9nt of a suitable 
instrumental technique f'or such analyses. In sunmory it my be 
said the t:-

( i) of' the spectrograph itself', only lorgo instruments ore 
_aui table. A dispersion of' 5 A. Uo /mm. can suf'f'ico. 

(ii) the uranium ore spectrum is considorobly enhanced in the 
vicinity of' the cathode of' the D. G, arc. Ths so-called 
"ca tho de layer" method is theref'ore to be advocated. 

(iii) the nnst usef'ul. spectral range is 4500 - .3000 A. u. 
Little work has been done on actual analyses beyond the pre-

liminary e.x.perii11ents. However, the dif'f'icuJ.ty of' 'sampling' has 
arisen. It is likely to contribute the ma;jor error. (Thu 1 cathod•:; 
layer' method is most scnsi tivc when sorric 10 mgm sanplc is employed; 

Eye estimates of' the rcp.roducibili ty :Jf' spectra so f'ar recorded; 
considered in conjunction with published estimates of accuracy i.n 
sirriilar problems suggest an o ccuracy certo inly bettor than 20% of' tb!,_, 
vol uo o t o concentration .of Oo 1% ursn 1wn. 

II. NOT'ES ON THE PHOTOGRA;fi'HIC ACTION OF RADIO-ACTIVE MATERIALS. 
by 

PROFESSOR KERR GRANT ond K. B, MATHER, 
l?hysics Dopa rtmont, Un 1vcrsity of' A dclo ido. 

Somo p!'eliminory WOI'k here hos suggested thot USO might be made 
of' th.a f'ogging of' photograp hie plates by ganma-rays. · ' 

Heavy, double emuJ.sion, X-ray f'ilms have been used to give 
maximum absorption, and samples of' Mto Painter ores placed in 
contact with the f'ilm. The ores must be f'inely ground.. , . 

. . Exposures of' 2 Weeks recorded photographic f'ogging by samples ' 
reported as 11below Oo 1% 11 by chemical assay. Tho exposed portion of' 
the f'ilm, on development, reveals ldlcalisod points of' activation, e together with a general background fog f'or the higher conccntra tions~ 
The most promising quanti tativo method wouJ.d appc.ar to consist of 
counting the number of' points of activity in a def'ini te f'i€lld,sa~lcn 

, to be compared being ground to similar con sistenoy. 
The method, if' developed, vvoUld suff'or from tha disodvan tagcs 

attendant upon use of' the gamma-emission as a measure of' uranium 
con tent. (a a in Geiger counters, etc. ) liowever, virtually no 
apparatus is required. 

Da tea 30/10/45. 



rrr. TOPOGAAPHic MAP o:F M'l'. ~A INTER AREA, s6urri .h_l!sTRAt±A. 

1. l_NTjgO.DUCTION~ 

REPORT OrL_90MPILATI01J_~THODS USED. 

fil 
A~ c. BOOTH 

~RTMENT OF·THE INTERIOR. 

_ A survey map of' the Mount Painter area on a s6ale or 20 
chains to an inch with contour f'orrrl lines at intervals o:f. about 2.50 
feet was compiled in the Commonwealth Department of' the Interior, 
Canberra. It is presented in four (4) sheets .(plans Nos. 3288, 3289, 
3290, 3291, Sheets 45A, 45B, 450, 45D.) and covers an area o~ about 154 ~. 
sguare miles ( 11 miles by 14 mi lee) t It was prepared from aerial photo'-
_r;raphs taken by the ItA.A.F. and f'fom a skeleton ground cont;rol survey 
rnade by 'Mr • .A.A.H. Davison of' the Department of' Lands, .Adelaide. 

, The compilation of the-map was an extremely tedious 
opePation on account of' tpe inadequate -number (25) of' ground control 
stations and their somewhat awkward distribution for nearly 500 small 
photographs (5 inches squa:be): There were some runs of' 30 photographs 
each with no control points at all between the terminals. The lack of' 
ground control points also limited the expressions of' topographic relief' 
to form lines at approximately 250 feet inte~vals. 

The following procedure was designed essentiaily to cope 
with these dif'f'icul tfes. 

' 2. PROCEDURE: 

The plotting of' principal point traverses and their 
transfer at common scale to the master compilation board was quite 
orthodox. During the subsequent process of adjustment, where ground 
control stations were missing it was necessary to ,,~::-e join points derived 
from adjacent runs in the vicinity of' control stat~ons. 

The determination of' useful f'orm lines was a more 
doubtful undertaking than the integration of photographs f'rom the point 
of' view of' the work involved and the prospects of success. The basis 
of' the procedure that was f'ollowed was to assume that the aircraft would 
be comparatively stable f'or a short time in the direct ion of 1 ts li.ne 
of' flight although it would certainly have varying lateral tilts. Paralla: 
measurements were therefore _decided on along the f'light line at points 
close to each principal point. The levels thus determined were to be 
cdjusted between control points at each end of a short section of the 
Pun. However the runs were not all broken up into sections by inter­
mediate trigs.and cross traverses of' parallax measurements were necessary 
between trigs., (e.g. Mt. Pitt to· N. L. P. ) to provide such p;.Ji nts. These 
cross traverses took in points on the lnteral overlaps of' adjacent runs 
and an arbitrary adjustment f'o:t> misclose ,between the levels of the trigs. 
had to be adopted at this stage. 

Weak as this arrangement was it was considered better 
than adopting an arbitrary adj.ustment along the f'light line over an 
excessive number of photographs. 

·.,;·· 
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A section containing up ~o ten pictures appeared to 
be the maximum acceptable. 

The selection of' parallax points on the photographs 
was made on the basis that two high arid two low points per overlap should 
suf'f'ice for form lining at intervals of' 250.f'eet. These points might or 
might not include the centre line points which provided the levelling · 
traverse along the f'light line. In general one or two of' the side points 
were corrunon with the adjacent overlap in the same run or in the adjoining 
run thus providing lock points for the subsequent general levelling 
adjustments. All selected levelling points were then shown with their 
identif'ication numbers on paper tracings of' the master compilation sheet 
which also showed the. principal point traverses. Trig. stations were 
shown with their elevations and also the rough courses ·Of' the main streams. 

The seq'l.rnnce of' ievel adjustment was as f'o llows :-

. The gradient at Arkaroola Creek was obtained by d•_'tc.r­
mining its level at points near trigs~ H, F, D, A, & c, by reference to 
the elevations of those trig~~ In this way it was found that the elevatio 
of point A by survey appeared to be about .400 feet. too high and it was · 
therefore abandoned. A gradient was adopted of' about 40 ft. to the mile 
.:··or Arkaroola Creek and this served as a guide later to estimating the 
~radient of other creeks. · 

As the parallax measurements were completed the cross 
... 22verse s were run out and adjusted. 

~--- Then the secti ans of the centre line traverses between. 
cross traverses or between trigs. were also run out and adjusted. These 
adjusted values in the vicinity of' each principal point served as a datu~ 
on each overlap to give a value to the side points. All values were then 
entered against the corresponding level point on the paper tracing of' 
the masteP compilation. 

Points appearing on more than one·overlap showed a v~lue 
derived f'rom each of' the .overlaps. These values were then studied in 
conjunction with a steroscopic examination of' the photographs so that a 
set of single values could be arrived at which would be consistent with 
the visible topographical form. 

Where the values on the margin of a run required depress­
ing they were often accompanied by a corresponding rise on the other 
m2rgin. Where both margins required depressing or raising it suggested-~ 
that the centre line traverse was too high or too low and an adjustment 
of' this nature was investigated • 

.At this stage the values of points along the main creeks 
- :. r.. -: 0~11pared with the estimated gradients of the same creeks and dis-

crepancies were eliminated. This provided a reasonable measure of' control 
where no control existed. 

. The single set of' elevations f'or all levelling points 
was f'inally transf'erred to the photographs and the "controlled" f'orm lh<:1,e;.a 
:i.nterpolated under the steroscope. 

3. CONCLUSION: 

· . It is considered that the f'orm lines have a good chance 
anywhere of be1 ng cor:::'ect within the value of' the contour interval. The 
value of' the interval has been maintained f'airly well and.over a small 
area the horizontal plane will be well enough defined so that interpolat­
ions at closer intervals for geological purposes should have considerable 
value despite a possible departure f'rom the true datum. ! 
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. In the f'inal stage of' pl ot'ti ng the detail i'rom the 
?hotographs some slight local adjustments were made to eliminate dis-

- - !lilep'laining in the compilation of' the principal poiot traverses. 

)ated 
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