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STEIIARY

The wrenium ores of the melntcr ercoa, In South Anstralin,
al*'“mm»a mfvdnqn‘awlur developed or proved, ure the moct importaont
sources of wranium crm;ounav got discovered in Australine heir

chopienl freatment is .wl otively easys vhereass the extraction of :
weoniwn from C(‘"'m'llﬂ other recorded ores is difficults. The poossibil- |
ity of tho Lt.Peinter ores belnr" anenable to appreclable bencoficliaw
tion J. not rorote.  The uron-ilmenite £ror Rodium 111 (in South
fustralia) cen be ccu.siucrcd 23 2 comperable source of uwraniwn only

i 'iﬂ"c orc ig proccascd for its titanium conicnt so as o obiain the
uraniwm co o by=rroducte "his orc is not euenable to sigmificsmt
beneficiation ae regards iis uronium content.

Tho remaiii o mincrols listed roquire several modii‘ic itions -
of chauical treatment, detailed consideration of which is not ye &,
Juastificd by the knowm regscrves of orcs : i

The recovery of the asscclated radium can be effcecicd if’rom‘z
any vraniun ore without substantliel modification of the nrocesses
advocalied Lfor the exiraction of the uranium.

The methods suggested for the recovery of uranium {ron :
those several nincrols oim ab the production of sodiunm diuvranate vh:.cn.
ic & cc'nwcnlepu in uCT“}ZIC('Li«'luO for conversion into other uraniuwm
derivatlivose The methods diccussed were fomerly applied on a armald
commiercial secale to the treatment of South Aus‘cralian uranium ores,

S papmcuiwly those {rom the lit.Painter fielde

PANT % = OCCURITNCE.

[1

b " The wost impertant deposlts of uronium minerals known to
sceur in Australis ore loceated nesy ilv.Palnier and Olﬂry in touth
motralice (1) very omoll aomounts of pitchblende have been dcfocted
in association with tim and wolfrom ores in the Herberton district of
Howth Quecnsland. “he grenitic pegmatites of iari's Range, in
Central Aus urcxlia, have heeon shown to contadn very sddl anouvnts of
plichilonde and soamarckitc. A tantalite=hooring alblte ﬂﬂgatl te -
Tommaticn at Wodgina, in "Cf*tcﬂn :\Lboril.ia, has ygielded nminor amounts
of neitlandlic and its decompositlon products thorogummlitc and nlilbars
ite while detrital cuxenide and fcrg;usonitc have been recovered in
smadl quontities at Cooglegong, in Uestern Australise (2)o (3)o
Pyrochiore is recorded ag having Ueen detected in alluviel woash nean
Table Coapo, in Tasinaniie (b)o Apart from the nain occurronces of
wroniwl mincrals at HtesFainter and Olory in Scuth Australia, conc vcvy
m~'zo"= poeurrences of oor’*cm% te and carnotite have been rcecorded at

mul? nle Crcc’” and the Iundred of ilinbrie, Vest of Cowell, on Eyre ..
crinsuloe Scnevhat rore s;g.kiflcqnt amounits of torberniie hove been

coer@ d adso from the comper lodes atb Lioonta in South Austrolia. (1)

<

* An ODPlecr of tho Incrol Resources Survey, Canb,epra, 1“.‘.,\00 To

’

£n, O:e’.‘i‘:a‘.cf*r of the Division of Lhem:.cal Industry of Counc:r..i. for
Stiontific and Industrial Res c“rch, nelbournco
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tith the cxception of the lt.Painter and Olary depesits in
Jouth Australia, none 01“{ ‘uhe anove QGcurrences has yet beon chotm
Lo be ¢ff any industrial szmiw”zcancee ~{ith the continued development
o vorious Austrolian pegmatlite formaticns for felspar, tin, tungs uon_.,
new tontalite and "xlca, it io probable that further occurrences of
l.unmix.m minecrals will be locateds In such cosea, the production of 8
srndl pareels of wranium ores night be possible by combining the by
profiuct output from several localities. Types of chemical treatment
applicable to various orcs are discussed latcre

RADIUI TITL:

The doposit of uraniferous ore at this locality is essy of
pecons from the rallvay at Olery, 250,.niles from Adeloldc,. on the
Broken 11l lince Curnotite was discovered here in 12006, The ora=
bodics consist of a number of lodes conforming to the schistocity of
tho enclosing rocI The country rock is composod cf hlghly al m%cd

sedimonts inuruclod. by & l'wge number of granitic and pegmatitic dylkese
The mineral constitution of the wraniferous lodes is very condleoxe
The principal mineral is @ peculiar titoniferous iron are containing
veoniu, rore carths, vanadium and other constituonis es prinory int—
ool components, Cornotite as a sccondoary altcration procmcc., iz
of contion occurreice on Jc:J.nt planes and weathared ore. Vhere
titonivm 15 obsent from the lode, the iron minerals (chiefly hacmatite
and xm";neti v0) conteoin li ttle or no wranium. . .

There is no rocent description of the uorkinrs at Dodium
iHil, Clavy,. In 1913, (swco which time there has becn concidernble
fw*’ner wvelopmonz;)g the oodn workingcs - oonsisted of two vcrtlcal i
ahafis sunk on a north=wost to BouL"z-weso lode to a depth of LLH £
Thone ahaelfle were connceted at the botiom by a drive yhich extended
ahout 130 P40 south=west beyond shaf't 1o ke A Dlock of orc app=-
ro*:imt.cly 200 feet By 15 £to by L fte 6 ins. had becn sitoped above | -

the 45 £%. level, and a snall anount had been removed Trom epout Hoel ! -

shofte . .

A typica._ annlysis of a gravity concentrato of tne titonife .
erous iron ore is quoitcd by R.C.Thomas (1)e (5):=

T100 - 51.835%
TeO 17.37 also (SCp03) ThOp = Ocl3
FogOs 17,87 | o |
Uz0g - 2625 and amall amounts FbO MnO, -Cal.
Rare earth '
oxides - 329
09203 “le 26
CP203 . ' ' 1,60 . . » ’ .
\.205 ' Oo 93 ’ A ' ‘ Vo
310 | 1.15 '

This gmvitJ concen urate represcents & heterogcneous prodnc'b,
and the uranium oxlde content of the seporated pitch-like orc msy -
reach o value of L, bub it is impossible to increase the tenor of
the ore aboveo this value by nechanical meonse

LIOUNT PATHTTR ¢

Tthe Mis.Paintor field is about 580 miles north of Adeladides
Tha Central Australian railway, at Conley, is some 60 niles from the
arede Porticn of the intervening country botween the depowr.t and s,he
rrilegy is vory rugged and orfmsnort ias gifficult.

. Prospecting for corundum at lit.Painter lcad to ‘the discover
of thao "-‘mlilﬁle-'bc aring minerals sorbernite and autunite in 191 '
ilcre aiso, the lodes have a complex mineral consititution and iroxl and

mongancse oxldes are prominente Only setondary urenium minerals have



go for been locoted in quantity, elthough smed.l smounts of the pimory
ninerals fergusonite and monazite have beon recogniseds o

The vrihcipal deposit of uranium ore cccurs at the inter~
" mection of a Pavlt smone with a strongly ferrugihous lode trending
merldlonally. This scemingly favoursble structural feature is not
spoorontly ropeated elscwhere on the ficlde The wranifcrons mincrals .
in ol lode inclwde chielly torbernite and auvtunite, with very minor
amovnts of wanophane, guanite, uwranium ochre and carnotlice Gangue
rincrals present ere quartz, henatite, magnetite, fluorite, borite,
poilomelane and pyrolusite. Jlore, and at cther points on the iite
Painser fiecld, the sccondary uranium ores sre generally, but not _
invarichiy assoclated wlth mancanescs The principal workings, known
a8 Ho.6, hove been develoned in the deposit abovementioneds A rich
shoot above the 50 Pte level ylelded more than LO tons of ore containe
ing botween 2 and 5% U.wos, with considecreblo arounts of pure cryctolle
ised vorbernite. ot _ : S e

‘These workings are comparatively extensive, althouch litile -
ors has been extracted below the 50 £ts lovel owing to its wnoor
vraniuvn contant. The main shaft was sunk vertically in ore to 50 . fdo
o3 ohout which point the lode passed out of the shaft dipping scuth
et 70% A crogssecut from the shalt at 100 £te revenled poor valuese
in adit &riven in an easterly divection from the hillside feor aboub
120 £4. connects with the 100 £te levelo Another adit has been drive
an 173 Peot at a level 187 feet bolow the collar of the main shaft,
s ig too for north to penetrate the ore Dodye The total ariving
on the 100 feet level, including the adit, emounts to 250 fect and
discloses much lower voalues than the shallover workings. "he 50
foot level has been carrieéd from the shaft westerly until it has
Lroken through the hilliside avout 90 feet from the shaft. Ias? of
tha choft 1t is connecied with the 36 feet level by two riscs. ¢ Above
 tho 36 feet level a stope about 10 feet widé by 20 feet long by 15
fest high has been talken oute o ' ~ ‘ :

In 1927, the line Hanager estimated ore reserves (proved on
tvo sides only) at 700 tons containing Oe75% Uz0g, and this estimatc
was comewhat tentatively endorsed at the time Dy the Governaent
Gaologiste o

In 1929, (since which time it is believed that the liine has '
ramained unworked) the Chief Inspector of Mines sampled the 000 .
woricings at iit.Painter and reperted that 1t was iapossible to estimate
reserves with any degree of accuracye He qualified this opinion by's
estoting that it is reasonably probable that a few hundred tons of ore
averaging Q5% U308 might be available above the eastern end of the )
50 feet level. The samples taken at this time were assayed with the. -
following resulisi~ : :

53 fent lcvele o _ - '

Eestern end of drive (average of four sS&mples) eee 0.93% U30g o
Just west of shalt " * three ° ese Ooli2 v '
15 fect west of shalt " ro." “ see 0,13 "

100 feect levele

Easiorn end of drive (ohe sample) eves Gocem eee wee OcQu n

" i n u " w - eee es0o eos cae 0.02 "

The low grade revegled in the above analyses of bulk ore
should be considéred in conjanction with the fact that no sotisiactory
method for concentrating the autunite and torbernitc has yetl been :
. deviseda Por the most pari, these secondary oves are friable, and
some Gegree of concentratlon is possible by a process of rumbling
olloved Dy screening, but such methods are very incfficients

. Leaching or scleciive flotation of the torbernite and sutunite ofler
intercsting possibililies as & means of concentrating the uranium
values. The Parallanahot springs offer local opnortunities for ore
cencentration of this type in-an area which is othervwise devoid of
permponent watere . : o , . : 4

a
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Developmental work so far undortaken on the i 1. Paintcr
fwlﬁ has been confined mainly to prospecting vhat appear to be the ,
gossand of lode formniions. It would e irrational to suppose that
i antunite and torbernite found in such matrices romfeﬁcmnd thoe '
only uranium minerals of importance in the area. The prinery
uranium minerals from v:hich these sccondary ores are presuncbly
derived should be sought at depiths considerably gfeater than those
hitherto m*osnected.

It seomu unlikely that fergusonite 1s the only nm.mc@,r
urenium mineral on the ilt.Painter fleld, because ths activaiion of
fergusonlite, where observed, has not given rise to either antunite
or torbernite. ,
°tud.y of the ilount CGee area, in the centre of ‘L o field,
stranzly suggests that the secondory uranium phosphates haveo been
brought up Lrom decper levels by hydrothermal agencles. The Licunt
G«“e zene i3 characterized by an extreme dovclc;pmﬂnt of crys alline
nd opaline silica in vhich lorge geodes and vughs lined with pink
a‘nd amnethystine que.ri;z crystols are a characteristic feature. The
cccasional presence of amall amounts of torbernite in these closed
viughs aaggcsts that the torbernite is syngcnetic vAth the sﬁlicn,
Btilbite, fluorlie, barite, ond othor associated minerals of the
generel conplex lode system.

In any future deep emlorator.f worlk . 1n the lt.Painter £1 0164,
1% is desirable that the central lit.Gee area should receive nmors
attention then the outlying peripheral .gossany formations on which
wost ¢f the preyious work has been done. The relatively high radon
concentration in the gas emitted from the Parallana hot spring may
well e related to the presence of significant bodies of ursniwa ore
in tho deeper u.rxproopcc. ted zenos of the lt.Painter fielde

Althougrh no specific comparison is made in the cfficial

reports of the South Australien Mines Department, it is evident
that for direcct produciion of uranium, apart from by-producis, the \
HiePointer field offers much greater opportunity for developnent than
Radiwn (1111, It is probable that structural features at Ni.Painter
are more favouravle and that the ore is higher grade. Also, the
| Bt.Painter ore is more ancnable to treatment than that from Radium .

mll, end the ore offers greater opportunities for beneficliation than |
dnes tho ore from Radium IIill.

PRODICT EOE‘-’:

. Total production of ‘Ypadio-nctive ores”™ in South Australia
i3 valued at £32,073, but it is not possible to apportion %his
botween the Lwo prouuc:mr fieldsy; and it is difficult to determine
¢xactly whaet this figure means, Sorie uraniuwa ore was sold overscas
ond sone treated in Sydney and Adeladdes Some pure radium bromide
viag prepared in Australia and wranium campounds also were nade and
's01d, Yo the end of 1937, records of production wvere given under y
the heading "Radiwn and Radio-active orcs" but since then the caption .
has been changed to "Redio=-cctive ores" but the figures for previoug
Yeors remained uwnaltered.

I'.morts from Australia of uraniun ores fram HMt.Painter
smounted to 5Lt téns of average grade 207% Ux0qy but it is not known
vhat fraction of‘ total production from mt.Paén%er this represenise

PART IY = DROCRSSIE

The types of uraniuvm ores rccorded as occu.crin" in
-!.as‘trali'l comprise a diversity of mineral specics to wlucn no genere
elly opplicable method of chemleal treatiment can be appliced for the
extroction of uraniuri, In & number of instances, the recorded i
securrences are so small in extent that consideration of dem:ulcd ’
methods for extraction of the uranium content need not be at terpted,,




The proximate chemical compositions of the main Australien
urenium ores of which significant amountis are known to occur, are as
£0llousse ' ’ oL

iineral + Ppoximnte Caposition U33 - Locality

Porbernite - |Hydrous uranyd copper phosphate 61.2 | LtePalnter, S.A

Autunite . | Hydrous uranyl caleium - . - [62.7| " 0t . ™
yhosphate. _ : '
Uran-Ilmenite | Complex fiteniferous iron 2= | Radiun Hill,S.A.
oxide with uranium and rare S s
. | earthse | . o
Carnotite Hydrous uvranyl potassium . 68 on . n
' i vanadate. , ' .
Tergusonite | Conmlex niobate and tantelate |-l .| lite Painter;‘ So Ae
, ~ .01; rare earth metals,wraniumn, | . Cooglegongs Wehe
1. BUCe R ) . , o
Puxenite | Casmlex nlobate and tantalate | 5-8 | Cooglegong,iehe

of titanium, rare earths,
vrandun, edce . - .

Haitlondite & | Complex silicate of ureniugly 35 .| Wodgina, 7.7
decomposition | titanium,rere carths, etoce o
products. SR . : }i

From the point of view o2 chemical processing it may’ be
said that theso minerals form two groups. . One group camprisiag
torbernite, auiunite ond cernotite, includes those ninerals which aro
relatively easily amenable to chemical processing while the members
of the remmining group camprising urcn~ilmenite, fergusondie,
cuxonlte mnd moitlendite, etc. show verying degrees of refracitoriness
in ylelding their uranium content vhen treated chemically.. The
rocorded occurrences of fergusonite, euxenite, and sanarskite are
8o restricted and apparently limited, that it is not propesed to!
dotail the methods available for the isolation of wranium from such |
~materiale 1% is sufficieni to say that niobo-tantalate minorals of

this c¢lass, and 1o a lesser extent, the silicate types represented |
by maitlendite, ere more amensble to prelinminary alkaling fusions
followed by subscquent ancid trcatment whereby the niobié and tanialic
acids (and also silica), ere eliminated as relutively insoluble pro=-
duects while the uronium and other conmponents remain in the soluble
£fraction. The addition of appropriate allkali carbonates to the
noutralised soluble fraction will enable the wranium to be scicctive~
iy romoved as o double alkali carbonate from which it may heo recover
ed, aftee filtration, by precipitation as sodium diwuranate with
githeyr acids or caustle alkali. .. .= . -

, Alternative methods for the extraction of uraniwa £rom -
niobo=tantalate and silicate ores might be based on the decomposition
of the minerals with hydrofluoric acid.

. The only econonic Justification for cerrying.out these
difPiculd seporations would ba to secure the itantelum oand niobum -
contents in addition to the uranium, and if such cores were known to
occur in sufficiently large quantities to atiract attention to their
exploitation fer several of the constituent elements, Present in-
dications do not suggest that fergusonite, samarskite, euxenite, or
- maitlandite (zand its decauposition producits thorogumdlte and pilbarite)
are oufficiently ebundant in Australia to warrant consideratlon as a -
source of much vraniuie R .

" Uron=Tincnite.

The mechanicel separation of a clean concentrato of
uraniferous ilmenlte from the Radium Hill ore is eastly effected by
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tobling or othor wcll-known means of ore=-dressing. Tae gangue is
chicfly blotite mica and quartz. The concentrates thus nrodiuced
contain only about 2% U30§ and are normally devoid of carnctite
vhich finds its way intd the clime fractions of the sedimont of the
i1l ecircuit water, - It iso possible, by magnetic separation nethods,
to raice the uranium content of the conceatrates to 3=45 U, Og by
rejection of barrea iron mincrals present in the gravity cc?nccn-trate.. |
“nic aspect has not been fully investigated because the exient off
possible beneficiation 1s sirictly limited by the actunl mincral
composition of the uraniferous ilmenite. The extraction of the ‘
- uranium present in such concentrates is a matter of very conslderable
Qifficulty because of tho complexity of the ore and its refraciory
nature. The urcniw is preferably to bo regarded as a uy-product
in the making of titanium products from this ore. The ninerel is
amanable to direct sulphmric acid attack cnly under autoclave con-
ditionde Fusion with nitre cake will effect its decomposition to
sulphates as will a process of fritting with soda ash and subsequent
acid digestion of the residue leoft after a water leach which rermoves
vanadium end chromium in porte By these or sinilar riothods, 4t is
- poscibvle to obtain & soluticon of the sulphates of titanium, iraon,
rargl carths and uwraniun together with smrll amounts of many other
netalse ‘

The radium present remains insoluble together with lead
© sulphate, etce. The separatimof the uranium from such a solution
. is preferably prececded by ramoval of the titanium by hydrolysis after
reduction of the iron to the ferrous state in the usual manners
The titanium product has becn found suitable for certaln nigrments,
but owing to conitzmination with chromium end other deletericus
natorials, the pigment produced from Radiunm Hill core has hltherto
been of an inferior degres of whitenesse From the mixed iron and
vranitm sulphates left after the titanium hydrolysia the vranium pay
be scparated by digestion with excess sodium carbonatee Thias digeg~
$ion is necessarily preccded by re=oxidation of the iron and partial
neutralisation of the solution, The recovery of the uranium from
the soluble sodium uranyl tricarboitate solution can be effecticd in
the usual way by appropriate additions of either sulphuric acid or
caustlc sods, DByithis means, the uranium is obtained as?crude
sedivm dduranate in the yellow or orange varlety. llethols such as
those have been used to extract uranivm and radium and titanium
compounds from Radium [Hill ore on a commercial scalce '

Corngtitg.

" The amount of carnotite so far discovered in Australis - ,
is zo smnll that separate consideration of its chemical treatmment 18
unnNICesserye The uran=ilmonite from Radium Hill shows sparso Ais-
tribution of carnotite on joint plancs and on the micacsous moutrixe.
e development of carnotite is further enhanced by natural weathcre

- inp of the oree Smnll armounts of carnotite have been recovered in

the past as slimes separating from the mill circult water, bus the
areount so recovered was of no importancoe : ' e

: Bfficient methods of recovering radivm, vanadiun aﬁd
. vranium from carnotite have beoen devised by the Unlted States
Bm*em;« of linese  (H.A.Docrner, Serial No.2873, U.S.Burcan of
- Hines)e . , :

Autunite~Torbernite.

. The recovery of uranium salts from these phosphntic ores
which aro characteristic of the oxidised zonec of the i, Painter

field is comparatively easye &S Yo, no successful method has been
devised for mechanical concentration of autunite and torborniie.
Loboratory tests have indicated that these ores are emenable 1o
scloctive flotation to some extent, but the ready friability of the
minorals and the consequent tendency to slime production may be

found to discount the apparent advantages of flotation as a means of «
producing concenirotes, The idesl distinction bstweon auvtunite and
torbernite is seldom realised in ores from ilt. Paintcre There is
usuolly a significant amount of copper in the autunite and merging

. tr i
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of the two types is quite common. This may have a bearing on any
flotation work undertaken in the future. Scarcity of water on the
Pileld has also to be considered if accunulation of salts in the ’
Flotation circuit is likely to affect adverscly any scheme that may
be developed in the futwree

' Apart from hond picking of the richer ore obtained from -
" fanlt zones, 0LC.s the method of concentration Pormerly uscd consigte
ed of a process of rumbling and screening the ore. DBy this means, . -
the frisble uraniuvm orecs were freed to some exient from the mangan-
iforous ironstone or ranitic ganguce .

Autunite and %orbernite ore both soluble in mincral aclds
of moderate concentration ond the uranium may be separated from the
“resulding sclution in an impure form by addition of appropriate

coustic alkali. Separation of the uranium from associatcd iron,
otCey may e cffected in the usual way by sclective sblution of the
eronivm in soddium carbonate, and its reprecipitation as sodium -
Aturanate as mentioned previouslye The uranfium in both auntunite ond
torbernite may also be leached out of the ore by digestion with hot -
concenirated sodium cartonate and recoverced in the usual waye

Tho associated radium would be dissolved in acld cxiraction
processes using hydrochloric aclid except where uranic ochres, or
other sulphates, are common, in which case veak nitric acid is
efffective. The radlum would romadn inccluble in processes using
suivheeic acid or allkaline extraction methods for recovery of '
nrandum. Soluble radium whuld be easily rccovered by co=precipli- o
ation with barium suiphate in the uranium liquors. . Insoluble radium
would Lecome concentrated in the slime fractions of the mill circuld
liquors from which it could be largely recovered by known methodse

: ~ The auvtuniite-torbernite ores of Hi.Peinter are thus |
emeasble to either acid or slkaline treatment for recovery of the .
vrsaiws contente  The similioneous exiraction of the associated
vadiwa in & relatively conceatrated form would not camplicate the
procodiure wndalye The various processces outlined have wll Dboen

sed on o comuercial scale for extraction of urcnium and radium’
compounds from the Hit.Painter ores. A study of the mechanical
concentration of these phosphotic ores would ke very desirable in
the eveont of future developments on the Hbe.Pzinter f£ield, dut the .
urapiu content of the crude vnconcentrated ore would clsc te amcnable
to lezcching by acid or alkaline roagentsSe The degree of efficiency

of extraction of the wranlum from the broken ore which cauld be
" attained by leaching methods operated at the mine would depend more
on econcmic considerations than on chemicel difficultless
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