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The investigation into the poésibilities of

' the uraenium deposits at Mount Painter, South Australias,

;ere unqértaken at the instonce of the British Govern-
. v )

mentjunder the auspices of the Commonwealth Department

of Supply and Shipping.

The work was carried_through under the dif—
ection of Mr. J. Malcolm Newman, B.E., Commonweclth
Controller of Minernls Production; 8Sir David Rivett,
K.b;MqG., Medes DaSCe, F.ReS., Chief Execcutive
Cfficer of the Council for Scientific and Indgstrial
Rescarch end Mr. S, B. Dickinson, M.Scs, Diréctor of

Department of Mines and Government Geologist of the

State of South aAustralia.
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VART I,  GENERAL STATEMENT - INVESTIGATION OF
“URANIUM DEDOSITS.

Mdunt Painter, South Australiae.

. ' by

S. Bi DICKINSON

" Directof. of Minas) Government Geologist
South Australia.

(Plans 3286, 3285, 3979, Sheets 31, 32, 33
" illustrate this report).

S .
e e . — =

. On 17th May, 194, the Hon. FiM. Fordej M.H.R.
Acting Prime Minister of Australia was urgently reguested
by the British Government to have inmmediate steps taken to
investigate the possgibilities of the production of uranium.
from Australian ore depbsits. In redponse to the reguest
attention was at once given to the old Mount Peinter and
Radium Hill fields of South Australia where during the past
LO years a number of attempts had beenh made by small mining
interests to exploit thelr. deposits for the recovery of
radium. Although these ventures welre flnqn01ally unsuce-
essful,  a small, quantity of radium was produced, but the
recovery of uranium was not considered seriously both on
account of unfavourable market conditions and the difficul-
ties of the treatment of the ore. Apart from these
- attempts no other occurrences of radio=sctive minerals have
been of anything beyond scientiflc intercst.

Mount PTainter is situated, 94 miles by road north-
east of Copley, which is 373 miles by rail from Adelzaide on
the Quorn-Alice Springs line. Rodium Hill lies 12 miles
south south-east of Cutana, Sidin 275 miles from, Adelaide
on the Broken Hill railwey line ?éee locality map). Both
these fields occur in Crown land reservotions in which min-
ing dpercations now aore completely uhder the control of the

. South Austrelian Government. In the event of new deposits

being discovered outside the reservations, & war-time
emergency regulation limiting the sale of uranium and uran-
ium ores to the South Australicn Government, or through

its agency, has been enacted. Steps are elso being taken
to ensure a continuance of this control after the removal
of National Security Regulations by on amendment to the
‘South Australian Minimg Act.

‘ The investigations at the Mount Painter and
Radium Hill fields were planned and executed solely under
conditions imposed by the exigencles of war without regard
for strict economic principles, definitely only with the
object of assisting the purposes of the overnment of the
United Kingdom. )

II. ORGANISATION.

The primary objective of the investigation was to
determine the capacity of the Mount Painter and Radium Hill
fields for producing uranium and for scquiring this knowl-
edge in the minimum of time.
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The work was carried out under the instructions
of' Mr. J. Malcolm Newman, Commonwealth Controller of Minernls
rroduction and in conjunction with the Department of Supply
and Shipping. '

.The orgenisation of the work in the field and that
of the engineers and workmen, cnd also of the scientists
whose services were required in the investigation, was dir-
ccted by Mr. S. B. Dickinson, Director of Mines and Govern-
ment Geologist of South Australia.

FIG. 4. Mount Painter and No.6 Workings, -.

FIG. 4. Mount Painter and No.6 Workings.

The area surrounding Mount Painter is in the
trackless inhospitable mountain country of the Flinders
Ranges. Consequently for the transportation of stores and
materials access roads had to be constructed and heavy
mechanical plant, besides pack camels and horses was needed.
Also an aerodrome was made at Balcanoona, distant about
25 miles from Mount Painter.

Owing to the time consumed in these preparatory
operations the actual mining operations had to be com~
pressed into a period of less than three months. These
operations were carried out without a hiteh and no praise
is too high for the working miners who spared no effort to
get results and to contribute to a successful issue.

For the scientific work besides the strong and
well-equipped surveying, geological and geophysical field
perties, several research cuthorities willingly lent their
aid for the study of mineral associations and the recovery
of the uranium from the different ores.
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The exocutlon of the investigation accordlﬁg
to plan was largely due to the golid co<operation of all
* bodies participating in the work, and with the exception
of a smhall sum expended in fees- and allowances to special
technical officers,; all the seientific services reféerred:
“to below were rendered without charge.

The Council for Scientific anad Industrial Re-
search arranged for various lines of resgarch work to be
underteken expeditiously. These included the minerhg-
‘raphic studies by Dr. F.L. Stillwell and Dr. A.B.Edwards,
the leac¢hing of uranium ores under the direction of Mr.
Grenfell Thomas, and the ore-dressing inyestigations in
the Bonython Laborﬁtory of the South Australian School
of Mined and in the Metallurgy School of the University
of Melbourne.

The Geological Survey of South Australia, with
assistance of the Mineral Resources Survey, carried out
the geological mapping and seanpling, and the Assay Depart-
-ment of the South Australian School of Mines assayed the
samples and undertook a number of precise determinations
for special purposes. .

The Mineral Resources, Survey conducted the
geophys1d“1 surveys and detailed laboratory studies on
the assaying of the uranium ores by geophysical methods.
In both these nctivities the Physics Department of the
Adelaide University rendered muah assistance.

Sir Dougles Mawson, Professor of Geology at the
University of Adeleide, furnished many scientific reports
end arranged for certain studies, both of which have con-
tributed towards a better understanding of the origin of
the-uranium deposits.

In addition to the work done by scientlsts, the
Royal Australinn Air Force took aerial photographs and
provided aircraft for the transport of key personnel to
and from the Mount Painter field; the Australian Army
prepared photomaps and furnished the menpower for mining
operations and certain special equipment; the Engineer-
ing and Water Supply Department of the South Australian
Government built the access roads and aserodrome; the
ZiDC-Corporation Ltd., Broken Hill, mede available mining
engineers and plant, and other Commonweqlth and State
Government Departments .all msade useful 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.

Map Meking

Mine Examin
and

ation

Sampling

COMMONWEALTH CONTROLLER OF MINERALS PRODUCTION
J. MALCOLM NEWMAN.
DELEJATE
S. B. DICKINSON,
GEOLOGICAL GEOPHYSICAL ORE INFORMATION
SURVEY SFRVEY . TREATMENT RESEALRCH
Gédiogical Geophysical Mechanical Technical
Field Surveys Field Surveys| }—+ Concentration Information
Assoying Instrument Flotation | .E Library
Construction esearch Servicq
Mineragraphic Assaying Leaching
;M;Regeargh - Research
Aerial f?ﬁysical Electromegnetic
Photography L Research and
L - B Electrostatic
Concentration
Ground Control Miscelleneous
Surveys Methods
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ORGANIZATION OF WORKS PROGRAMME..

MOUNT PAINTER ‘PROJECT.

COMMONV*nLTH CONTROLLER OF MINERALS PRODUCTION
J. MALCOLM NEWMAN :

.

A DELEGATE :
S. B. DICKINSON

I

CONSTRUCTION g : MANAGEMENT : MINING OPERATIONS
e .. 1 1

L Roads | " | Equipment Procurement Mount Painter
.__,-Aerodfdmé~ Manpowér Frocurement East Painter

Maintenance

Camp end Mine] = | i and
—1 Preparation ‘| : Transport Control | ~—{ Diemond Drilling
: : LT~
[ water supply | |- Office
: Adminisgtration Prospecting
The several scientific and technical bodies, and
the personnel directly and indirectly concerned  with pre- o
paration of the various reports are listed in =a schedule
at the beginnlng of this Bulletin.:
o

ITT. HISTORICAL REVIEW.

The original discovery of uraniferous minercls-‘

near Mount Painter was made in 1910 by W.Be. Greenwood; who, ..

since 1898, had been employed and subsidised periodically
by the south Australian Government as e prospector for the
Mount Painter and Yudnamutana district. - One of the spec-
imens sent to the Department of Mines was identified as
containing carnotite, other specimens from the .same line:
of outcrop left at the Adelaide University were found by
Sir Douglas Mawson  to contain torbernite.

, _ These discoveries aroused immediate interest
in the fileld as a possible source of radium and following
an examination by Sir Douglas Mawson of the outcrop from
which these samples were derived, the Radium Extraction
Company of South Australia Ltd., with a nominal capital
of £5,000, was incorporated on 28th November, 1910, to
explore further and develop the field.  Within a few
weeks & prospecting party was despatched t0 commence

work on Redium Ridge where the ore wes first found.
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The party was in charge of H. Fabian, former Government
‘prospector, who had previously mede valuable discoveries of
gold near Tarcoola. W.Be Greenwood was employed by the Com- .
pany to prospect an area. of eight square miles covered by
_search licences and A.C. Broughton of the Adelaide University
accompanied the party to undertake measurements of radio~
activity with an electroscope.. - Two other_companies, the
Mount Painter Proprietary Co. Ltd., and the Mount Paintey
E“st Prospecting Syndicate, pegged cleims but did little Work.

During the course of the first six months this
Company opened up Nos.1, 2, 3 and L Workings for a few feet
in depth, but owing to extremely hard ground Nos.1 and 2
were sbhbandoned. When operations became handicapped by lack of
water, the Government agreed to provide funds for the sinking
of wells and this work was pursued concurrently with the ex-
ploration. At No. % Workings a shaft was sunk 50 feet with
a crosscut 25 feet north. At No«l4 a drive was put in 25
feet under the outcrop, and at No.5 Workings a shallow excav-
ation 7 feet deep was made, The No.6 Workings found by H.
Fabilian in May 19411 turned out far the most promising and
yielded high grade ore from the first out, almost pure torb-
ernite forming 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 full width of  the shaft. This was
the deposit with which the recent investigatlons were chiefly
concerned. - Nos7 deposit was opened up shortly after No.b.
At the end of twelve months operations 15 men were employed
and by this time o small supply of water was developed at
Mount Painter 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 produced for the year
emounted to a few tons of rich "specimen" character some of
which was sent overseas. In 1811 the first report on the
field by Hi{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 for extracting the radium and uranium in Australias. In
October, 1911, H. Greenway wes appointed manager, replacing
H. Fabian who asked tc be relieved, and the ensuing work com-~
prised chlefly the development and prodyction from the No.6'
Workings. The main shaft was sunk to a depth of 100 feet -
and a tunnel was commenced to intersect the shaft at a depth
- of 200 feet. The field was visited by Dr. L.K. Ward.(2),
Government Geologist, 1912 and his report published in Mining
Review 17, Pe 27-33, gives a detailed account of the operations
to that date., = At the time of this:visit no work was.in pro-
gress, both He Greenway and his successor: G« Kemp having re-
signed and left the field. The development work recommended
by Dr. Ward was undertaken shortly after by the Company under:
the direction of HeG. Stokes. Dr. Ward (3) visited- the
field again in May 1914 by which date the ‘limits of the rich
shoot at No.6 had been determined and production was being
meintained solely by extracting rich ore from around the -
shaft near the surface. Dr. Ward stated  the ore reserves
to be 300 tons, containing npprox1mﬂtely Q. 5% of uranium
'trioxide, in addition to 700 tons of reject materlal carry-
ing 0.75—1.07 uranium trloxide. : -

Operations were interrupted by the outbreeskx of
the first European war as the shipments of ore had been
made chiefly to European countries.  In 1947 the Radium
Extraction Company of South Australia Ltd, went into lig-~
uidation after having spent £7, 000. Apart from the fail-
ure to devélop a sufficient tonnage of high grade ore and
the difficulty of exploiting the Tow grade Qre, this
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enterprise wes severely hampered from the beginning by the
.then insuperable natural difficulties in a region of track-
less rugged mountaine devoid of permanent weater.

_ A keen market for radium led to renewed interest
in the Mount Painter field in 1924 when four companies fin-
anced by Victorisn and South Australian shaereholders were
formed. In 1926 they were merged into the Australian Rad-
ium Corporation N.L., which worked the deposits intermitt-
ently until 1934, An experimental treatment plant and re-
finery (4) was erected at Dry Creek, 6 miles from Adelaide,
to which hard-sorted ore and crude concentrates were carried
about 450 miles from the field and & mining comp was re-
established near the No.6 Workings. Transport to and from
Mount PTailnter prescnted great difficulties. Loadings werse
necessarily small with pack camels moving supplics and ore
for seven miles between the mines @and Blue Mine Creek at the
.end of the road from Copley 75 miles distant on the rort
Augusta-jilice Springs narrow gauge railway. Owing to the
existence of this camel section it was impossible to trans-
port heavy machlnory to the mine. The 1argest unit on the
field was a 7% H.P. Ruston-Hornsby oil engine which was carr-
ied on o sleigh dragged by camels. . It was used to drive a
minlature crushing and screening plant which gave unsatis-
faetory rcesults (5). Lack of water prevented any leaching
treatment being establisheds

Like the esrlier venture this attempt was unsuce=-
essful owing to the low grade of the ore, the difficulty of
water supply ond the extremely costly transportctions - The
smount of underground development work during the period was
extremely small for the tinie over which the leases weré held,
and the uncertalnty as to the extent and nature of the ore
occurrénce at No.6 Workings still remained ot the cessation
of operations in 193U Dr. L.Ki Ward (5) visited the field
for the third time in 1926 and reported on the large number
of lode formations showing traces of torbernite which indie-
ated the possibility of the discovery of other ore shoots
"by more intensive prodpecting and the large extent of rough
unprospected country east and south-east of Mount Painter.

In 1929 the Chief Inspector of Mines, Mr. L;J. Winton (6),
visited the field and stressed the need for further pros-
-pecting and development including an investigation of the
possible occurrence of primeary redio-active mincrals at depth
in the following words:-

"Rlch ore has been found in the pa and new occurrences
of such may be discovered in the future, but the genepral
exposures of uranium minerals cre of low grade, and an
effective means of concentrating such ore to & profit-
able grrde must be found, bearing in mind also the com-
petition from other known sources of production.

"The extent of the. field, the number of uranium mineral
exposures throughout it, and the former discovery of
rich ore are, however, facts which fully warrant further
development and exploration."

: In 193u the leases were abandoned and the field
was deserted once more until the commencement of the present
operations in July 194l4. The early work had located only
one small orebody. The inoaccessibility of .the district and
the ebsence of-high-grede ore limited exploratory activity
considerably and-discouraged prospectors so that a large
area of uranium-beering country still remained virtually
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~unexplored_when.theABritish Governmenﬁ's'request'Was reccived, -

References: --
(1) "Occurrence of Uranium Ores and other
Rare Minerals near Mount Painter",
Special Bulletin 1911, The Occurrence
of Uranium (redio-active
Australia, out of print.

H.Y. ‘Lp Brown s

"Phe Mount Painter District", Mining
Review 17, pp. 27-33, 1912. -

"The Radium Extraction Company's Mine
at Mount Painter", Mining Review 20,

"Phe Radium and Rare Metals Industry",
Mining Review 43, pp. 63-6L, 1926, -

(2) LtKeith VVCI'd,

(3) L.Keith Ward,.

L.J.. Winton,

(L)

(5) L.Keith Weard,

"Supplementery Report on the Prospects
of the Mount rainter Deposits of
Radium-Uranium Ore™. 'Mining Review

L5, pp. 57-60, 1926.

"The Austrqllan Rcdlum Corporation",
Mlnlng Rev1ew 50, ppsi 63-75.

(6)  L.J.

Wianton,

IV & PAST .‘P.RODUGTION.

Available. records show that ‘the field producded -
sbout 136 tons of selected uranium ore equ1ve1ent to approx—
1metely 3 tons of uranium trioxides - . The output for the
1914<191L period weg sold overseas, Whllst the 192L~3L -pro-
duction was treated ot Dry Creek, Adelaide, for separstion -
of the radium =znd utranium contents. The total guantity of
radium recovered at this plant was 194 milliprams valued at
£2,338 and 1,256 1b. of sodium uranate at £213. = The total
velue of the ore produced since the discovery of the field
is estimated =t £10,000 which is chiefly the vaolue of the
radium content. .

- URANIUM-RADIUM FPRODUCTION — MOUNT FAINTER DISTRIGCT. . -

) Ores in South .

Year : Ore Grade Sodiun
Selected} U308 Radium urag%te Value-
- v ‘Tona |Per cent |mllgrms. TR - T
Frior to 1913 7 2.0 o
2.25 2.02
0. 25 25.0.
0. 25 - 25.0.
19131 25.0 2.60
19141 0.25 25.0 S -
19274 - 97.0 - L12 1,088. 0. O
19321 72.0 . 336 1,050, 0. O
193u - 18.0 240, 0. O
Total 136 tons |estimated 10,000. 0, O

=
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V. REVIEW OF EXPLORATORY OPERATIONS. .

1. TNTRODUCTICN:

The plans for the exomination:.of the Mount Peinter
field were formuleted between 7th and 13th June, 1944, foll-
owing an inspection of the No.6 Workings containing the
largest known deposit. They were gubmitted to London on
June 21st, 1944 ond comprised the following tasks; first,
road construction (July to November 19L4); second, estab-
lishment of camps, mining machinery, and exploration of the
most promising deposits (October to December 1944); and
third, if regults werranted, the erection of & mi l ‘to treat
100 tons of ore per day and further developmental work at the
mines (January to June 19&5), all to be done &t & total es-
timated cost of £96,596. ,

ORIGINAL ESTIMATE
15th June, 194k,
MOUNT FAINTER IROJECT.

Schedule of estimated €gXpenditure

1944.

July to NoVvember inéluéive

' . oL . ’ L. Lo
Road construction eceuvnecessssaiscssosssssnss 10,000

October to December inclusive

Establishment of camp and development
of No.6 Workings and qt outside pros-
pects Labour £7,786, Materials
£7,31Oooo.o..nooor.caoonc.h.cono..o..'...'159096
Plant a2t No.6 and outside prospectSseccases 75237
Buildings, Mt. Painter Depot and at
.Eastern Group01sououo-oono-oi.oooco--oo.oo 3,970
Subsidiary roads if requiredicscseccoccascess 5,000
Contingenciesa.o,......;o........o...ﬁ...-o 39697 : h5,000

January to June inclusgive

Supply and erection of plant to treat :
100 tons‘per dayceo-»-o.»iub‘ioob.oooop-cc 32,000
Development at mines during erection
of plant, per month, including cost
of outside prospecting ecess

‘Lebour £1,896
Materirl 19219

6 months at £3,266 19,596 51,596
TOTAL £96,596

In this review 1t is intended to record the main
features of the recent investigetion which, it is believed,
is unigue in the history of mining exploratien in Australis,
From the outset the record of the operations of the early
adventurous prospecting enterprises, so far from affording
ground for hope, rather indicnted that the t esk was out of
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2ll proportion to the results which were aimed at. Never-
theless ns the initial geological exeminotion of the lentic-
ular brecciated, ironstone mass at the No.6 Workings, gove
promise of the possible occurrence of ore, the task mai: tobe dne
ad done quickly if = vital war purpose was to be served.
Full adventage was teken of 2 number of facilities in regard
to men and materials which the country's organization for
war work made available. For instance without the assist-
ance of the Royal Austrelicn Alr Force in transport and
photography and of vearious Government munition activities,
it would have been impossible to complete the programme
according to a speedy time schedule.

FIG. 2. Road Construction. Mt. Painter July 194l.

2. MOUNT PAINTER ROAD.

Whilst wartime regimentation simplified consider-
cbly the problem of executing a project of this character,
the inhospitable terrain, difficult of access in the extreme,
presented an ever formidable natural barrier. Rough camel
pads existed but were quite useless for the transport of
mining and prospecting supplies when time was & prime con-
sideration. It was obvious, therefore, that nothing
worthwhile could be accomplished without proper roads giv-
ing access to the main deposits and the organisation of
strong gangs for road construction equipped with heavy
mechanical plant wes the first task.

Much time wes saved by arrenging the assembly of
the necessary plant and manpower by anticipating approval
from London for proceeding with the exploratory programme.
By the time confirmation was received on 11th July, 194k,
preliminary surveys and estimates had been comapleted and
actual construction commenced at Balcanoona on the eastern
flank of the Flinders Range on 18th July 194k4. In 97 days
the road was completed to the No.6 Workings and the trans-
port of heavy supplies and mine machinery for exploratory
work commenced.
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Even before the Mount Painter roed was built a
staert had been made on the study of scientific problems both
in the laboratory and in the field. The first geological
survey camp at Mount Tainter was esteblished on 22nd June by
the use of camels, which continued to bring in supplies until
the road was completed and thereafter served isolated pros-
pectors and subsidiary geological comps.

FIG. L. Camel train. Mt. Fainter
Geological Camp. June 194l

Detailed Burveys were made of the old workings, the more

promising ones were sampled and reconnaissance surveys were
made in the search for new deposits with the idea of defin-
ing a precise programme of testing before the road was com-
pleted to enable mining operations to proceed without delay
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when the right-of-way was open. Geophysical surveys were
also made of a few deposits with Geiger-Muller equipment
which 18 responsive to emanations from uranium minerals.

. To enable more extensive geological surveys and
prospecting to be conducted aerial photographs were taken
over about 100 sgaure miles.

The first geologlcal survey camp was dismantled
when the road reached Mount Painter on Septe. 23rd 194l.

lie  BALCANOON/A AERODROME.

During the course of the aerial surveys it became
apparent that the aeroplane could provide a golution of the
problem of getting emergency supplies and key personnel
guickly from Adelaide to the mines. Furthermore it could
bring mediccl assistance to the field in two to three hours,
2 service which was essential for a comp of 70 men, isolated
and nearly 200 miles distant over rough trocks from the
nearest resident medical officer.

Lecordingly an cerodrome was built at Balcanoona,
the nearest suitable ares, 25 miles from Mount Painter and
egular flights were arranged by the Royal Australian Ailr

Force.

5. MINING OPERATICNS AT NO.6 WORKINGS.

The period during which road construction wes pro-
ceeding, provided valuasble opportunity for the thoughtful
planning of mining operations, the assembly of motor trans-
ports and equipment et Copley, the nearest railway station,
and the securing of experienced miners, prospectors and
skilled workers.




FIG. 5 & 6. Installation alr compressors and
air linec. No.6 Workings.
Mount Painter.

With the opening of the rozd on September 23rd,
194, the erection of the camp and the preparation of the
No.b6 Workings were begun and by 31st October, 194l, the pre-
paratory work had progressed sufficiently to permit the
commencement of underground driving, sinking and diamond
drilling. The geological conditions uncovered from day to
day lorgely determined the course of this work. However,
by the end of Decamber the results of operations were rather
disappointing. As last possibilities, from January ist to
May 1945, diemond drilling in search of primary minerals in
depth and driving for new ore-bodies in the ironstone near
the surface were carried out with negotive results.

6. SECOND GEOLOGICAL CaMP.

Whilst the search for additional ore at No.6 Work-
ings was progressing, & geological survey cemp was estab-
lished at East Painter where, during earlier reconnaissance
work, numerous surfece indications were found which gave
promise of considercble cmounts of disseminated uranium min-
eralo. These occurrences were important enough to warrant
testing and, as in the case of Mount Painter;, to define a
programme of operations detniled geological cnd geophysical
surveys were made, while 2 second access road was being
built for the tronsport of mining plant. The camp was
serviced by camels until the road was completed. From this
comp &lso, geological parties made o regionzl map of the
uranium-beering belt of rocks, and they utilised serial
photogrephs for the recording of observations. At the
same time ground control surveys were made for accurcate map-
making at a later date. Geophysical surveys and & limited
amount of prospecting work were 2lso undertaken during this
camp period.
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Ls 48T PAINTER ROAD.

As soon as the Mount Pointer road was complcted,
work commenced on the roaed to Rast DPointer and proved an
equally arduous tasks Although the distance is only about

_three miles in a direct line from the No.6 Workings, approach
from that direction was impossibles Access Dy rosd was only
practicable from the esstern side of the Flinders Range along
the East Painter Creck which in places is bounded by almost
vertical walls of solid rock 400 to 500 feet in height cbove
the creek bed.

FIG. 7. Eocst Painter Road. December 1944.

I« spite of the formidable hazards this second
road totalling 14i miles including 4% miles through the
gorge to East Painter camp and a further 2 miles up the
gorge towards the "Smiler Greenwood" prospect, was com-
pleted in 68 working days from October 1st, 1944 to Dec-
ember 19th, 194l.

8. MINING OFERATTIONS AT EAST PAINTER.

By the time a mining camp had been esteblished
centrally to the severnl East Painter prospects end plant
had been transported, the futility of the search at No.b
Workings beccme obvious and interest centred now on the
Best Palnter ercea as being that from which some compen-
gsation for the efforts expended was most likely to be
gained.

When edvice was received from London on 22nd
February, 1945, requesting the completion of the explor-
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atory programme and the termination of operations, sufficient
work had been done at most prospects to enable the potential-
ities of the deposits to be eossessed.

FIG. 8 & 9. No.5 Workings. Ecst Painter.
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VI, .. EXPENDITURE:

v The actual expendlture as at the SOth September,
1945, amounted to £62 722, 0. 6,

It is not posslble yet to state the precise: figure

as to the net cost of the project, but it is uﬂlkel/'&mt the
amount 1nvo1Ved w111 exceed £65 OOOe'

VII.  BUMMARY OF RESULTS.

The investigation showed fairly conclusively that
both the already known uranium deposits and those hewly &is-
covered were small and contained extremely "low grade"
‘material, the uranium content of which rarely exceeded 0.25%
uranium trioxide or about 5 1lbs. of uranium per ton. This
was then fixed as the lowest target to be aimed at as a
guide for the mining operations and with a view to subseg-
uent treatment.

The total tonnage of ore so far available in the
workings at the several known prospects does not exceed 500
tons contailning 0.33% uranium trioxide. An overall recov- .
ery of 60% being assumed this would yield on treatment 2,000
lbs, of uranium. ) .

The results of ore-dressing and leaching investig-
ations show that the "uraniferous minerals" of the minimum
grade cre fixed can be gatigfactorily concentrated by either
mechanical or chemical processes for the production of uran--
ium, either as uranous :xalate or fluorlde both of which
can be readily transformed into uranium triox1de or uranium
metal, the forms in which, when purified, uranium has been
used for atomic research and as raw material for the manu-
facture of atomic bombs. These 1investigations were con-
ducted only on a laboratory scale, and although being suff-
iciently informative to enable a treatment plant to be
commissioned, had circumstances required it, it would be
desirable to supplement them by further research by means of a
pilot plant. In these investigations the chemical research
work was not carried beyond the stage involving the pro-
duction of uranous oxalate or fluoride, the stage at which
the benef1c1atlon of the ore may be reparded as ending- and
research on ‘'utilization as conveniently commencing.

The results of geological and geophysical surveys
generally indicate that the field can only be regarded as
a source of relatively small amounts of uranium from "low
erade". and near-surface secondary ore and from secondary
ore of higher grade occurring in small pockets, similar to
that already exploited in the No.6 Workings. Purthermore,
it is the general consgensus of opinion that there is no
greét 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 disappointing results, the gsological surveys
led to the discovery of new occurrences at East Painter
and it 1s reasonable to expect further discoveries of a
similar character from a continuation of such work,

-The Geophysical Surveys were of a far more limited
gcope than the geological and did not lead to any new dis-
coveries. They were chiefly experimental and much tigme
was devoted by the geophysicists to studies of the applic-
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ation. of ‘geophysical methods for assay purposes, but during
the course of these studies much valuable information, hav-
ing a bearing on the nature and age of the uranium minerals,
was gained. o

The record of the scientific knowledge acquired -
during the investigations and presented in this Bullatin
will be found to be incomplete on a number of important as-
- pects. In particular, the problem of the origin of the
deposits cannot be satisfactorily solved before adequate
underground exposures are available and further experience
is obtained. In the meantime one iz obliged to make in-
telligent guesses in estimating the possibilities and 1t is
on such a basis that the following conclusion is reached
in answer to the question which has been asked by the
United Kingdom authorities.

VIII,  CONCLUSION.
To sum up, S

v The Mount Painter area may be expected to yield
over a period of years from numerous small shallow deposiﬁs
an annual production of ore containing the equivalent of
about one ton of uranium trioxide, the question of cost be-
ing problematical.

. The- field offers scope only for the activities of
small working parties and prospectors, :

DATED; _ Ogctober 30th, 1945.



PART II: CONSTRUGTION AND MINING OPERATIONS
BY
E., B. JENSEN
INSPECTOR OF MINES AND ENGINEER-IN~CHARGE,

DEPARTIENT OF MINES,
ADELAIDE.,

1. PLANS

The following plans accompany this report:-- '

1.

9.

10,

Map of the locality showing roads constructed to the
Nt. Painter camp and to the Rast Painter camp. Plan
No. 3170. Sheet No. 23,

Plan showing surface layout Mt. Painter Camp. Plan
No., 3174. Sheet No. 24.

Plan showingz surface layout East Painter Camp. Plan
No, 3194, Sheet No. 25.

Plan showing layout of Balcahnoona Aerodrome, Plan
No. 3208, sheet No., 42,

Plan of cubicles specially designed for camzl transport,
Plan No, 3206, Sheet No, 26. ,

Plan of Men's sleeping guarters designed for fabrication
in sections for easy transport and erection; Plan
No. 3277, Sheet No, 27.

Plan of sledge for hauling materials up the hill—side.\
Plan No, 3200, Sheet No., 28,

Diagram showing layout of holes for drag cut in driving.
Plan No, 3198. Sheet No. 29,

Diagram showing layout of holes for post hole cut in
driving, Plan No. 3199, Sheet No;, 30.

Plan showing location of bore hole$ drilled for water
at Mount Painter and Bast Painter. Plan No, 3209,
Sheet No. L1, : .
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2, ACCESS ROADS TO DEPOSITS.

The location of the Mount Painter disctrict is shown on the
map (Plan Noi Sheet No, ) which accompanies this report.
The whole of the locality of which Mount Painter may be taken as the
centre is extremely rough and access to the mining areas presented an
unusually difficult problem particularly in view of the fact that it
was not only necessary to construct road approaches to the proposed
camp sites but also to complete all such work rapidly in order that
something definite might be known of the possibilities of the field
by the end of the year 1944, The time factor was considered to be
of vital importance,

The combined local knowledge of the Director of Mines, and the
owners of Mount Serle Station and Arkaroola Station suggested that
the most suitable entry into the 1it., Painter and East Painter mining
areas under all the governing circumstsnces weould be by means of road
approaches constructed from the existing bush track extending from the
Copley Railway Station to Balcanoona and beyond Wooltana. This
track was in use for the weekly malil to outlying stations and was in
fair condition. It is shown on the plan of the roads (Plan No, 3170
Shecet No. 27).

A pr _iminary reconnaissance of this route was made in the first
week of June 194l by a party consisting of the Director of Mines, the
writer, thec Assistant Government Geologist, the owner of lMount Serle
Station and the owner of Arkaroola Station. The party proceeded on
foot up the rocky Radium Creek Gorge and examined the locality of the
0ld abandoned minecs in the Mt, Painter arca. The data collected
during this visit made it possible to prepare preliminary estimates
of the cost of constructing a track suitable for motor vehicles to
carry in the plant and machinery required for mining operations.




Fig, 1 and 2 - Radium Creek Gorge, before road
congtruction, June, 1944,

In order to obtain a check on these ¢stimates another inspection
was made between 18/6/45 and 23/6/45 by a party consisting of the
Director of llines, the writer, an Bnocineer of the Engineering and
Water Cupply Department and his local Inspector and also an Inspector
loaned by the Highway's Commissioner. During the trip the Highways
Commissioner's Inspector mentioned that he had never seen a road con-
structed in untry as rougch as that in the gorge between Echo Camp
and the si. of the proposed mining camp.

The estimates prepared by the Bngineering and Water Supply
Department substantially confirmed the preliminary figures prepered
in this office.

Confirmation of instructions to proceed with the construction
of the roads was received on 5/7/LL. The first rosd gang moved out
from Copley on 11/7/4l to £il1ll in the runnels on the unmade bush track
between Balcanoona and Arkaroola and to remove the worst of the
boulders and growth between Arkaroola and Bore Hole Camp. When this
portion had becn made safe for very slow traffic, road-making machinery
of a heavy type was brought in and a2 camp was established at Bore Hole
camp on 17/7/Lk.

From this centre the heavy construction work was pushed very
rapidly to Echo Camp and then throush the gorge up Radium Creek to the
mines, The road head reached the mines on 23/9/LlL, thus establishing
record speed of construction of 29 miles of road in that country. ;



Fig.3 and L4 - Radium Creek Grrge, Mt. Painter Road in course of
Construction, August, 19LL.

At the time the track to Mount Painter was approaching com-
pletion, instructions were received to proceed with the construction
of a road to give access to the East Painter Field, As this field
is only L rir miles distant from the Mount Painter Field a ILicensed
Surveyor of the Lands and Survey Department, who was then in the
district, vas requested to seek a route from Mt. Painter to East
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Painter. He reported against the preposal on the ground of cost and
time. A similar report was received from the Inspector in charge

of the road construction gangs. It was therefore decided to approach
East Painter by constructing a track from the mail road north of
Wooltana Station across country tp the mouth of the gorge and up the
gorge to the old camp site known as Greenwood's camp (See Plan No,
3170 Sheet No. 23).

Road mekinz in this loeality, (Esst Painter), commenced on
1/10/LL and was completed by 19/12/LL with the exception of some
maintcnance surfacing of the rougher portions. The road to Bast
Painter 19f miles long was completed in 68 working days. This in-
cluded 4% miles of road making in the extremely rough country in the
gorge leading to Greenwood's Camp, the site chosen for and now known
as the East Painter Camp.




Fig., 5 - Entrance East Painter Qorge.

™Mo, 6 and 7 - East Painter Gorge, Road to Bast Painter Camp.

S e
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The following gchedule covers the main points of interest:

Road to Mount Painter Camp cdmmenced 11/7/Ll.

Completed except for maintenance 23/9/LL,
Road to East Painter commenced 1/10/4l,
Completed except for maintenance 19/12/4l4.
Average number of men employed, 37.

Plant employed on Road Construction,

Bedford utility truck = ton.
Chevrolet " '§ :
Bndford trUck 30 cwt.

2 fons

Dodge. truck (loaned) 3 tons

60 H.P, Auto patrol grader

R,D.A. Caterpillar tractor.

Drawn road grader 7000 1lbs.

Drawn road roller L tons.

R.D. 6 Tractor Crane with bulldozer.
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and steel,

-

The :osts were:

' x 17! mess room and kitchen-tents as required.

Construction of road from Balcanoona to Mt., Painter

(29 miles)

Construction of road from the turn-off near

Wooltana to East Painter (19% miles)
Expenditure on maintensnce surfacing of
Mt., Painter road
Expenditure on maintenance surfacing of
Bast Painter road

Total expenditure on road making

Portable Broomwade air compressor complete with jackhammers

£l, 301 18 8
5,633 8 6
850 0 O
20 0 -0
10,805 .7 2

Thiese costs include an amount of £878 for special repairs
to heavy equipment demaged owing to the unusuvally heavy nature of the

work in the Mount Painter and East Painter gorges.

The estimated cost of constructing the road,

for traffic at

15 miles per hour to Mount Painter together with subsidiary roads to

the mine openings was £15 000, This did not include zn allowance for

constructing a road to ast Painter the necessity for which developed _

later,

The saving in the cost of the work as carried out resulted

from:

(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

Tninter,

(b) +(.aitting for the time being surfacing 2and regrading of

the track for high speeds.

The average safe speeds for loaded motor Vehicles over the

roads as constructed were:

Between Balcanoona and Arkaroola average 12 miles per hour,

" Arkaroola and Echo Camp " 8
" Echo Camp.and Mt. Painter Camp 6
From Wooltana turn off to mouth of the
East Painter Gorge 12
Through the Baut Painter Gorwe 6

tt 1" LU
1" " "

" " "
" " "
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3. AERODROIIE AT BALCANOONA.

In the interests of quick access to the mines for inspection
purposes and as a precautionary measurcec in case of serious accident
or sickness, 1t was deemed advisable to make provision for landing
aeroplanes of the Avro Anson or Oxford type at the nearest suitable
point, The Balcanoona site was chosen by the Inspector of Civil
Aviation Aecrodromes because of its location fairly centrally to the
Mount Painter and East Painter camps and its proximity to the Bal-
canoona Station which is connected to the telephone circuit from
Copley and the mining camps.

Fig., 8 - Wooltana Sheep Station, near Balcanocna, on Rastern
edge of Flinders Range about 25 miles from Mt, Painter.

The Balcanoona landing greound is situated about two miles east
of Balecanoona Station the location of which is shown on the road map
(Plan No., 3170 sheet No, 23) attached to this report. The Flying
Doctor at Broken Hill was furnished with a map showing the site of
the droms, Supplies of aviation spirit were lodged a2t Balcanoone
Station for emergency use.

One emergency landing was made by an officer of the R.A.A.F.
flying fror 3rcken Hill to Mt., Eba on 18/12/4L. He was forced down
because o .ngine trouble and remained at Balcanoona until relief

reached hiii,

The flying time from Adelaide to the Balcanoona dromg is
only three hours including time lost in refuelling at Port Pirie,
A visit from Adelaide to the Mount Painter Camp per railwcy to Copley
and thence per motor truck occupied three days to get there and thrce
days to get back owing to the slow railway schedule and the poor
condition of the local roads., As this involved too much lost time
practically all inspection trips were made per aeroplane after the

landing ground had been completed.



Pig. 9 - Balcanoona Aercdrome, November, 19LlL,

The construction of the drome was commenced on 11/10/4l and
completed on 7/11/L44 at a cost of £32L/9/11. The first plane landed
in the first week of November 194l Subsequently additional ex-
penditure was incurred in improving the ground markings to give better
visibility from the air, bringing the total cost to £459/12/9 includ-
ing the cost of a small shelter shed. The work involved clearing
and levecllin~ and preparing the surface for four runways each 1200
yds. long by 50 yds. wide, with additional clearing 67 yds. wide on
each side of each runway (Plan No, 3208 Sheet No. L2). The runways
were not surfaced with special material and they are not suitable for
heavy traffic but they answered the purpose during the progress of the
work at Mt, Painter and East Painter. The lahding ground was damaged
by heavy rains in January and July 19L5. The cost of repairs was

£7/17/2.

The flights to Balcanhoona were serviced by the R.A.A.F.
Trainees Section established at Mallala, 4O miles north of Adelaide
and the trips were regarded as training flights for pilots, navi-
gators, and radio operators. A1l flights were arranged with the
approval of the Department of the Minister for Air, Melbourne,

L, TELEPHONE COMMUNICATION.

For the control of operations from the office of the Director
of Mines, Adelaide and from the point of view of the safety of the
mine workers, it was considered necessary to bring the isolated mining
camps into telephonic communication with the main telephone system
in the State. The only telephone lines in existence east of Copley
were privately owned single wire bush telephone lines erected and
owned by the various stations in the district. This private system
extended cast from Copley to Mt. Serle where it bifurcated, one branch
going to Balcanoona and Moolawatana and the other branch to Umberatana
and Arkaroola (vide the road plant No, 3170 Sheet No, 23).

Permission was courtecusly given by the station owners to
Join on to this private system at the point where the track to Mount
Painter cr- ce the bush telephone line in the Wywyana Creek,
Arrangem:n’.  were made to carry a teleghone line from that point to
the Mount P inter camp & distance of 7% miles, At =2 later date the
telephone was extended across country from the Mt, Painter camp to
the East Painter camp o distance of about Ll miles.
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The bush telephone lines in the locality were in poor don-
dition at the - time of commencement of operations at Mount Painter..
It was necessary to rehabilitate the system to make communication
possible. The Superintendent of Telephones of the Post Master
General's Department was most helpful in making available his expert
country telephone linesmén 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 Post
Office to the Mines Department depot in the Copley Station yard and
the complete overhaul of the private lines between Copley and Mt,
Painter and between Mt. Serle and Balcanoona, Telephones and
acdéessories cost £47/3/7.

The materials for the extension of the line from the Wywyana
junction to Mt., Painter and Fast Painter were obtained from thé 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 maintaining it was, £310/5/-.

At the request of the Premier of South Austraiia, the private
cwners rcactly agreed to place their bush telephone lines at the
disposal of the project, It was necessary to establish a switchlng

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.

8. Water Supply at Mt. Painter Camp;

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

iAbout 30 years ago a well (shown on Plan No. 3174 Sheet No. 24)
was sunk gt the site of the Mount Painter Camp. . The supply from
this source was small, Fortunately it sufficed for the purposes of
the preliminary geological camp, but proved inadequate for the re-
guirements of the construction gang. Morcover as the water level
in this well got low, sickness developed in the camp and the drawing
"of water from the well. was discontinued.

An analysis of the water in the well showed the total saline
contents to be 80.19 grains per gallon and the total hardness 44.15
English degrees. Full dgﬁails of the compogition 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-boringz 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 Creck. Boring
commenced wiu 15/9/Lk., The hole proved disappointing and was dis—
continued cn 2/11/L4l; at a depth of 122 feet. Plan No. 3209 Sheet
No. 41 shows the location of the boreholes at Mt. Painter and also

at East Painter,

To spocd up the search for water s second percussion boring
plant was forwarded to the district and commenced boring No. 2 hole
on 30/10/L44.  This hole was located at the junction of Mt, Painter
Creek and Radium Creek about 60 chains below Ne. 6 workings, No
water was met with and as the indications were not promising, the
hole was discontinued at 81 feet on 11/11/LL. '

While No, 2 hole was being bored the first percussicn plant
was shifted upstream to the site of No. 3 hole which was located in the
camp area U0O feet downstream from the mess house, = Boring commenced
on 6/11/L4 and the result was promising. Water was struck at 34 .
feet, The hole was taken to 80 feet and discontinued on 21/11/LL..
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This bore was cased with 7! of 6" casing and 52' 6" of 5" casing.
To obviate engine pumping, a windmill 8" dia.- by 20' high was erected
with the delivery connected.to a nest of four LOO gallon tanks with
a 13" reticulation to the mess kitchen, shower room and stand pipe.

, For about four months this bore provided sufficient water for
the camp requirements (excluding mining requirements) i.e. a maximum
of about 4OO gallons per day of 24 hours.,  The supply gradually
fell off until in June 1945 the bore was barely able to provide 200
gallons per day of 24 hours. , A

An analysis of this water from a sample collected on 19/11/4L
showed the total salinity to be 77.58 grains per gallon and the total
"hardness to be 38,91 English degrees. Details are given in Table 1.

To provide for the requirements of the rock drills and the
under-ground diamond drill and slso the miners' change house (a total
of about 600 zallons per day when all the faces were working) bore-
hole No. 4 .5 commenced on 15/11/LL at a point near the'engine house,
This bore ¢ncountered a hard bar at 15 feet;, @ It was discontinued
and the plant shifted further upstream to a new location 180 feet
from the engine house where a hole known as No, LA was commenced onh
20/11 /LY, Water was found at 4O feet, The bore was completed at
102 feet on 30/11/Lk. A small engine and pump were erected on the iy
bore and water pumped as required to the nest of two LOO gallon tanks
which acted as the sump for the mine high pressure pump in the engine
house, ' ,

On 3/12/Ll 8ll water-boring operations ceased at Mount Painter.

b, Water Supply at East Painter Camp.

At East Painter camp the 0ld 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 ¢arried in by camels from the Trig bore, about 9 miles away, . This
arrangement continued until the road reached the camp on 19/12/4L.
After that date water was carted per motor lorry from the Trig bore
until that supply became unusable in December 194l watcr was then
carted from Wooltana station a distance of about 22 miles from the
camp until the first week in Pebruary 1945 when water became available
in No. 2 bore near the mouth of the gorge and distant about L4 miles

from the camp.

The first bore, East Painter No, 1, was located about 800
feet upstream from the East Painter camp site. It was commenced on
30/11 /4L and discontinued on 12/12/4LL4 at a depth of. 98'. No water was
met with,

The aext bore, East Painter No, 2, was located near the mouth
of the gorge. It was commenced on 6/12/44 and discontinued on
2/2/145 at a depth of 171 feet. Water was struck at 120 feet. The
water was of good gquality for that locality and the bore supplied
the camp until the cessation of operation, ‘

An analysis of the water from East Painter No, 2 bore hole
gave a total salinity of L6.82 grains per gallecn and a total hardness
of 23,68 English degrees, Detalls are given in.Table 15

It is not likely that a large supply 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 underground supplies
are limited and it would be unsound to rely on a continued draw of
more than 200 or 300ngallons per day over a few months.

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

!
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from the East Painter camp. This bore was commenced on 18/12/4L4
. and wai diccontinued at a depth of 160 feet on 19/2/L5. = No water
was me wit

- To make these notes complete it is recorded that an attempt
was made to use water from thé Buxton Bore which is situated about 3%
glles east of the Lady Buxton Mine and 74 miles from the East Painter
amp,

It was found that this water had rather an offensive odoud.
and a disagreeable taste, It was only wused 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
degrees., Details are given in Table 1,

Cc. Costs of Water Supplies, The following data and costs in .connéction
with water supply at Mount Painter and Rast Painter are recorded.,
(i) cost of Bore Holes

\

hol The attached schedule, No, 1, gives the cost of all bore
oles, :

(ii) Cost of Carting Water

"Until bore holes Nos, 3 and LA at Mt, Painter came into
cproduction it was necessary to cart a good deal of water for mining
and mess purposes., The cost of this carting was as follows:-

COST OF CARTING WATER PER MOTOR TLORRY AT MOUNT PAINTER

From - Distance Gallons Total Cost per
o from Mt. Carted Gost 1000 galls,
Painter . ) including 9d.

per mile motor
-lorry costs.

Borehole Camp 6 miles 17,000 g2 13 7 g2 10 2
Arkaroola Station 12 " 1,500 513 6 315 8
L 6 5 617 3

Wooltana Station 28 " 5,000 3

At East Painter, until water was located in Bore Hcle No.v2;
2all water used was carted either by camels or by motor lorry. The
costs were:- v

COST OF CARTING WATER PER MOTOR LORRY AT EAST PAINTER.

From a Distance Gallons Total - . Cost per
from East Carted Cost 1000 galls.
Painter including 9d.

per mile motor
lorry costs.

Trig Bore . 9 miles 7,000 £27 10 9 gy 2 3
Buxton Bore 8 " 2,000 6 110 32 0 M
Wooltana 22 " 15,000 76 11 8 5 2 1%
COST OF CARTING WATER PER CAMELS AT EAST PAINTER
From ' Distance  Gallons Total Cost per 100
-~ Prom East Carted Cost galls. includ-
. Painter . ~1ng hire of camelsg
Trig Bore 9 miles 2,500 £56 3 O g2 L 11
Road Camp Li v 900 . 15 10 © 14 5
From Camp to Similar » . )
Lease 2% " 250 L 3 L 113 L

Note the hire cost of camels was 20/~ per day for a string of 6
camels, - The -camels were hired from the owner of Arkaroocia Station,

They were handled by a cnmcl driver released from. the Navy on behalf
of the PrOJect



SCHEDULE NO, I

SCHEDULE OF BORE HOLES.

MOUNT PAINTER.

No.- of | Commenced | Completed!{ Depth | Struck| Labour | Camp Materials Holiday | Hire of | Total - Cost
Hole in Water Allowance . Pay Plant cost per
feet at , ‘ foot
o ’ ' : Feet £ 8. d £ 8. d £ s. d £ s. 4| & 8. @ £ 8. d
1 al/9/ul | 2/11/LL 122 Dry {100 10 10 12017 O 23 18 11 11 011 12 5 0 {168 12 8 | 27/8°
p) 27/10/Ll 111 /11/L4 85 ! Dry | L0 2 3 [1018 6 819 1 71341 {811 0! 76 L 9 | 17/11
3 3/11/ul 1 26/11 /1 80 3l 5 L 4 [1h 0 0.} 16 7 ¢ 7 L10 |8 0 0 {100 16 11 25/2
i 12/11/Ll 116/11/LL 15 Dry 10 4 3 211 5 36 91 1 7 21110 01816 7 25/1
LA 17/420/u b 2/12/4h 102 60 3813 2 10 5 9 1t 11 8 2 9. 4L 8M0_5 0! 7916 9 15/8
EAST PAINTER
, , i ’ - |
1 27/11 /L4 112/12/4L 98 Dry 3215 2 7 1 5 (111010 817 51917 01 7 110 14/3
2 3/12/ul | 7/2/L5 171 120 i 86 3 9 |25 1 5 ;28 2 3 |15 9 7 {7 3 0172 0 O | 20/
3, 13/12/LL 128/2/45 1560 Dry [115 5 7 |3215 9 g 36 12 3 4 9 8 (16 1 0 215 4 3 | 27/-
Casing left in Bore Holes.
" Wt. Painter Hole No, 3 52! 6% - 5% Casing
" " i ft LLA ;f)' 2" Of 5“ 3]
East woowoD V37 B" of G M
Mt. An " o3 7! on of 61 n
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(iii) Cost of Pumping Water at Mount Painter 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, All the water required for
camp and shower room gravitated through a reticulation to the points
where it was needed. - ', total of about 60,000 gallons was pumped by

the wind-mill, o runninp costs were 1ncurred other than about
£5 for repairs to the wind-mill damaged by storms.

On the completion of No., . 44 bore near the engine house it was
fitted with a 3" bore hole pump operated by a 3 H,P. Ruston Hornsby

petrol engine, 411 water frr mining operations and. for 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.

Thereafte: requirements were less and the draw on the bore was
reduced gradually to 250 gallons per day toward the close of
ope;atlons° :

%11 the water required for the underground rock drills and for
the underﬁround diamond drill was 1lifted from the sump in the englne
house to® tanks near the top of the hill at No, 6 workings by means of
an Ajax 3" high pressure bulldozer pump on one bed plate with a 3 H.P.
Norwood Bagshaw 0.C.V, petrol éngine. The rock drills reqguired about

200 gallons of water per shift.  The supply t0 the diemond drill
veried according to the nature of the ground penetrated, the maximum
requirement was 400 gallons per shift, The cost of this pumping was

2/6 per thousand gallons,

d. Additional Sources of Water

Any future mining and milling operations in the area covered
by this report will be faced with a water problem, as the underground
supplies located to date are inadeguate for mining and milling,

About three miles downstream from Echo Camp there 1s a
permanent water hole in the Arkaroola Creek which when visited by the
writer in & dry period in November, 194l, had a supply estimaited at
half a million gallons. The high water marks indicate that when full
this water hole would have a capacity of about 2 million gallons,

Another locality where water might be obtained in some Quantity'

is at Paralana Hot Springs. The Director of Mines v131ted this area
with the writer in December, 194l. _ —
A nalysis of the water from Peralana Hot Sprlngs made by

the S.4. School of Mines on September 3rd, 1913, is glven in Table 1.
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TOTAL SOLINS 171 SOLTPION.  graine ner gallon. (2)
chlorine, 1. L4o.67 | 22.06 21.85 21.55 | Lhole Ge 65 37.43 | L41.02 | 21.43 | 86.72 | 16.00 | 42.88 22.50 22,23 | 1Lk.5L
Sulphuric acid 16.29 RN 8. 39 7.1 D28, Bl Iy 0.6 6l 65 31l.32 19.7% | 1€.92 1C¢. 70 2L.08 10.56 11l.48 70y
{radicle), S0y ) o ] )
carcrnic acid 23.53 21.16 21 . 3C 207D - 24a =4y 10 50 19.53 32,40 Lo 12.02 15.00 16.26 1035 19. 83 PR
radicle} . : . i .
N tri; acid 03 Trace Presect Fresent | Precent |(T'resent | Dresent [Prasent ¥il Present wil Wil Present - | trace e
{radicle), NO3 ; I - _ .
godium Na 27.94 14.29 A B0 15,54 3 0.7¢ Qe 92 30,78 3760 15. 30 55.69 18.31 26.07 21.5% 12,96 .L;’:‘Qh;_.
¢algiam Ca 772 8.93 9.07 T.22 7. 86 2.43 7-72 6.15 3.1l 6.43 p: 06L1. 10. 94 3.82 7,72 S B8
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Total ¢¢line matter, oo _ . i X : _
groins ner gallon 124,30 80,15 79.7h 77.53 h2.50 e B 176G.2 16G.00 82,21 |183.33 6. 81 127,20 7772 8l.25 674
Total s:..ine matter, ’ . ) ) .
onnces er gallon .28 218 0+18 G-18 033 Tell 40 (e 37 .19 0.42 .1l - 29 019 G218
H ” gl
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. X ) { .
calclym carbonate 19.28 22.30 22.68 18.05 | 19.63 607 19,28 15,38 T7+85 | 16.06 €. 60 27,12 9.55 19,28 G bl
Magnesium carbcnate 16.82 10.95 10. 80 13. 87 15.1L 1o 8 11.20 32.56 13.62 3.36 15.51 1. 86 11,62 22,10
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Magnesivm chloride : Rt 1.18 : 1.17 3.61 3,02
Sodiwm carbonate L 3. 88 ) 2,73
Sodium gulphate 4.82 ) Le &2 3.98 6.15 20.07 33.94 4.32 5.96 15,61
godium ehloride . 67.05 § 36.32 34,57 3E. B4 T 39 1%5.91 61.71 67.63 25.33 f14l.5L 26,38 66.26 32,67 32,94
goedium nitrate Trace Present | Present Preaent | Prodgent | Prosent : Fil Present Trace
IARDN™2S - Total 52,82 Lh.15 LS. 4l 38.91 61.52 23,68 85.78 6247h Ll.55 } 38.90 3%.94 56.01 15.33 L8.21 1{ 38,12
" Temporary 39.24 35.30 35.48 34,51 37-61 23,68 32,57 5L.02 1 24.02 | 20.05 24,99 27.12 15.33 33.07 | 36.8L
" Permanent 13.58 8.35 9,96 Leblin -] 23.91 nil 53.21 3.72 17.53 | 18.85 8.95 23.89 - 15.1k 1.28
" due to calcium | 19.28 22.20 22.68 18.¢3 19.63 6,07 19.28 15,38 7.85 | 16.06 6. 60 27.32 9.55 19,98 G, Bl
w o " magnesiuh 33,50 21.85% 20,76 2C, .0 41.59 17.01 G576 B 7.36 33.70 | 22.84 28,30 28.69 5. 78 28.93 | 2848
(1) Poaralana Yot gpring - lspumed Commosition of gnlts:~ (addltional}
Potessimn Ciloride 5.61  sodinm filicate 7.32
Aluminins Silicate 0.07
{2) paralama Tlet gpring - Tqtal solids in solutilon:~ {additional) | . .
jiliele jeid, Reidit(le (8103) 4,61 Potassinm {K) 2.9 Iion (Fe) {less than 0.01) Aluminiwm (41)
‘ 0.02
{3) "ertsloona 7.3. Tell -|issumed Composition of Salte:- (Additiondl) calcium sulphate .27.
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6. ELECTRIC LIGHTING.

. In order to light up the mine for afternoon shift work and
to provide 'illumination for the men's recreation room and for each
cubicle, & small electric lighting unit was installed in the engine
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 KVA 3-ph. L15/2L0 V.4,C. petrol driven air cooled generator set.

Owing to war conditions difficulty was experienced in obtaining
& sultable electrician to install the wiring. The South sustralien
Railways were able to make available an experienced electrical .
mechanic who handled the job rapidly and efficiently.

The generator set was erected in the engine house and leads:
were talen from there up the hill-side to the magazine at the 185 ft.
level and to the necessary points at the 100 ft., 50 ft., and 25 ft.,
levels and also along the road to the camp and to the various
buildings in the camp. '

. The number cof points at which lights were installed was 63.
‘The total cost excluding the prime cost of the generastor set
(value £300) was £501/3/6. The chief items being cables and wire
£269/14/10.  Lamps £9/13/9, poles £46/3/11, labour ereccting and
wiring £125/1/11, On the completion of the wiring the electrical
mechanic was not further required.. The running costs were then
13/8:per day. — '

The provision of 2 good light in each cubicle did mueh to
improve living conditions at the camp, It was found that the men
made comparatively little use of the recreetion portion of the large
mess room in the evenings.. They preferred to foregather in small
groups in their own cubicles,

7. SANITATION AND HYGIENE.

Ewory effort was made from the commencement of operations
to protec the health of the men. A carefully designed six-hole
fly proof latrine was erccted at a cost of £ul/12/7. This
received attention daily from an employce deputed to wash the seat
with hot socapy water and to use suitable disinfecting solutions.

To minimise the fly nuisance the mess room and every cubicle
in the sleeping quarters was supplic . 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 required by the cook in a special
meat room protected on four sides with fly wire. All 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 for
the small camp was obtained from the ©ld well near the mess room,
With the advent of the construction gang the well was unable to cope

"with the draw, .. Sickness developed rapidly in the camp and
practically every member was affected.

In order to .carry on, it was necessary to abandon the well for
the time being and to seek another source of safe water until the
boring operations located fresh supplics nearer the camp.

The health of the men responded immediately to the new
water and from that time onward there was no recurrence of sickness
of the nature of diarrhoea or dysentery.  Lcting on the advice of
Dr. Ponsford, Commonwealth Medical Officer in Adelaide, all drinking
end cooking water was chlorinated and a goed stock of medical
requisites recommended by him was established at the camp. Pirst
aid kits were provided and these met the needs of those minor
accidents “hich always occur on constructicn work or in mining
operatic. . There werc no serious-accidents throughout the job,
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The- cost of sanltatlon and chlorination was £65/2/3 for
labour and £22/7/8 for materials, The cost of medical attention
was £8/6/11 for labour and £37/15/1O for medical supplies including
first ﬂld kits.

MT, PAINTER CAMP

8. CONSTRUCTION

Qe Introdudtion.

The construction period which covered the carting in of all
equipment and the erection of mine buildings, plant and machlnery
commenced immediately upon the completion of the road to the Mount
Painter camp on 23/9/lLl and was completed to the point of the
erection of all major bu1ld1ngs, stores, haulage-way and machinery
and the installation of air and water mains to working faces by

23/10/l4.

This was a period of great activity, The men worked long
hours including Saturdays, Sundays and holidays as it was regarded as
v1taltto commence developmental operations at the earliest possible.
momen

The chief items of interest were as set out below.

. b.__Carting,

By the time the road head reached the Mount Palnter camp a
considerabl: bulk of stores, plant and equipment had accumulated at
the Copley Jdepot awaiting transport to the field. Arrangements had
been made in asdvancde to handle this material. Bvery motor truck
available was pressed into service and a contract was alsc let to
H.E. Ding of. Unta.. The contractor's drivers and the Mount Painter
drivers worked long hours and it is gratifying to record that the
cnnstructlon gang was not held up for materials. ,

The carting from Copley to the Mount Painter camp totalled
318 tons of which the Mount Painter motor lorries handled 260 tohs
for £1208/L/4 at a cost of 11/8 pence per ton mile, The contractor
':arted 58 tons 11 cwt. for £281/15/lL at a cost of 10.98 pence per
on mile, .

The road surface was rough and the ruling grades were severe,
As time went on the traffic over the roads together with the constant
attention of a maintenance gang improved the running surface somewhat,
The worst grade which occurred near Arkarocla was by-passed eventually
by means of a deviation along the creek bed.

The contractor's price for carting was less than the Depart-
mental cost, Lt a later date the contractor was again invited to
quote, He then advised that he could ncoct undertake the work at less
_than 1/3 per ton mile as he was out of pocket on the previcus

contract.

Carting to the East Painter camp invclved rather easier
conditions.in that there was not gquite the same rush to get the
road throuzh, and the construction gang had profited by their
experience in the Radium Creek gorge. The result finally was a
better grac 1 track with a somewhat better surface.

Iir the early stages of the Bast Painter activities a
preliminary track via the 0ld Lady Buxion Mine was adopted. ~The
track was very rough and numerous breakages resulted, 48 soon as the
road head reached the East Painter camp a deviation was constructed
on very easy grades from theée mouth of the East Painter gorze east
to the Wecoltana-Moblawatana -Road. The result was reflected in the

carting costs.
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The figures are: -

,Cartlng Copley to Bast Palnter via Balcanoona and Wooltana

45 tons for £173/15/L4 at a cost of 11,18 d, per ton per

mile,

Carting out of East Painter to Copley on the completion of the

job,

mining operations,

25 tons for £40/13/1 at a cost of 6.L8d. per ton per mile,

‘Whilé the road was being built to the site of the propdsed

all plant,

equipment 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

on the general layout of the works,
A construction schedule based on a tinie factor was

and equipment,

and to design details of buildings

carefully drawn up covering every item of construction at the field.,

This schedule set out the order of erection,

the date items,should be

in transit - the date they should arrive at the mine and the date on

which installation should be complete,
included in the sixth progress report,;

An outline of this schedule,
is as follows:- :

25, 19uL)

The schedule of prellmlnary_constructlon‘ls as follows.
This is to the point at which mining operations should start:-
TIME CONTROL
"In At Ready
transit Mine for “Remarks
‘ ‘ Operating
Temporary o :
stores (2) - 23,9, 44 26.9. 44 This is the first line of constructio
Men's 4
Quarters 28.9. 4L 3.10. 44 10,10, 4L Refers to the first group of guarters
Tngine -
.ouse 22,9, 4L 6.10, 4l 16,10, 44 Floor and some of the walling will
' ‘ : be completed 1ater,
Lmpress—
o by lorry 7.10. 4L 16,10, 44 Large receiver may have to follow
. but plant can work-With small
receivers to start with.
p and . : . . '
~tiyines 24, 9.4 " 30,9.44 10,1Q, bl Engines on way from W. Australia
Pumps won " Victoria
dighting
32t and
Wiring
Poles etc. 28.9.44 2,10, 44 16,10, L4 Electrical Mechanic leaves Adelaide .
’ - ' © on 28.9.L4L4 taking equipment with him
Lighting set from Victoria.
Pipe
Lines (Air)22.9.uh 2.10. 44 12,10, 44 Now on raeils from Alice Springs.
pe
Lines
(water) 22, 9, 44 2,10, 44 12,10.44 No difficulty in coupling these up
' as soon. as first bore strikes
water.
Semi- )
permanent about When preliminary construction is
Stores - - 16,1044 out of the way.
Magazine 3ﬁfq,uu Tl 0ot 12,10, 44 Standard cubicle set. Wood floor -

masonite lined - improved later.
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In At Ready
transit Mine~ for Remarks
‘ Operating .

Sigps for

Carpenters

Smiths &

Bampling

Change Being made of standard cubicle sets

House 3.10. 4L  10.10.44 16.10.44 by firms in Adelaide.

Sampling

Plant

Crusher

etc, - - - After 16,10.44

Staff

House - - - As soon as possible after 16,10,44
(Now coming in from Hatches Creek)

Mine _

Office 28,9, 4L 3.0, 44 10,10, L4k Floor and windows later

Water - - - Depends on result of boring

Supply first bore down 20 ft. on 23,9.

other second bore being started 30,7,

than by '

carting ' ‘ -

Rock Drills ' ' X

Hoses

Ac@ssories 22.9,L4L 7.10. 4y 16,10.4L4 Being sent to Adelaide for overh:: .
and testing.

Rock Drills

Air and

water mixing .

tanks - - 12.10.44 Being specially made in Melbourne.

Mine

Preparation - - 12,10, 4l Chute to make at 100' Level

Plate laying and levelling
Portal sets of local gum,

Every item 6n the schedule was completéd to time with the e
exception of the item of preparation of mine faces which wau a few days

behind schedule.

At the time this work was put in hand, no skilled men were
available on the labour market. However, with the accistance and
the geod will of several Government Department, it was possible to
obtain for the short rush construction period all the labourers,
carpenters, pipe fitters, mechanics and electricians required. This
assistance came chiefly from the Army, the Railways, the Engineering
and Water Supply Department, the Munition Factory at PFinsbury and
the Munition Pactory 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 follows.

(i) Engine House and Machinery

The principal items of machinery were housed in a portaple
all-steel engine shed L4' x 24' which was obtained from Alice Springs.
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The steel stanchions were erected on concrete blocks and firmly
anchored,

FPFig, 10 - Mt. Painter Engine House in course of construction,
November, 1944,

The compressors, pump and generator were solidy bedded on concrete
foundations.

The costs of erecting the steel shed and the machinery
therein were - Labour £190/9/h - Materials other than the building
£22/2/10,

The plant, most of which was loaned to the [, housed in the
engine shed, congisted of the following items, the ca, .tal values of
which were as stated:-

Portable all steel building LL4' x 24 £098 8 6
2 C,P, Air Compressors each 170 c,ft. capacity 2700 0O O
llacson high pressure water pump 3" - capable
of lifting 200 ft, 118 0 0
£
Electric Generator set 5 KVA, 3 ph., 415/2L0V y
alternator driven by 8 h.p. Howard engine 300 0 O
Work bench and vices and sundries 15 0 0

The air receiver 22' x 3' 6" complete with valves had a
capital value of £146/8/7. This was erected outside the engine
house and was coupled up with both air compressors in such a manner
that when both compressors were working each compressor took its fair
share of the load, After some initial difficulties this arrangement
worked satisfactorily. It was a matter of substituting one unloader
in lieu of the individual unloaders on each machine,

There was congiderable variation in the load on the com-
pressors depending on the intermittent operations of the various
machines on the lines, these comprised:-

Air turbine pump to 1ift water to the top of the hill from the
sump at the 100' level,

Alr hoist on haulage way.
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AifihoistsJod thé.winzes,’ , ' - N .
Jack hammers on the mine faces.
Air operated diamond drill,
Ar driven ventilating fans) _ ‘
. . As the diamond drill alone reguire up to 150 cubic feet perA,’
minute, there were times when the full capacity of the compressors
was insufficient for the load .ahd 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 valley 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
mleared of boulders and a sledge was coastructed which was h-uled up
with the necessary loads. The sledge was guided down with a t.il
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/-. i :

On the final design, (see Plan No, 3200 she . No., 28), the
sledge worked satisfactorily. The cost of the sledge was £8/2/7,
of which labour cost £3/9/10 and materials £./12/9. The chief-
objections to the use of the sledge were slowness of operaticon and
high consumption of air.

(1i1) Air and Water Lines to Mine Faces

One of the first items of construction at the mine end was t™
laying of air and water mains from the engine house to the mine face: .

. The cost of laying the water lines was £205/11/1Q of which
.'835/16/10 was for labour and £169/15/- for pipes, pipe fittings and
valves.

St The cost of “laying the air lines was £270/18/6 of which
£82/17/3 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 considerable
alt-rations to air and water lines as faces were closed down and
others open€d or re-opened. The cost of this dismantling and
re-erecting, including relaying portion of the air line with larger
pipes was £315/l4/- of which labour cost £239/16/3 and materials

£75/7/9.
(iv) Buildings

It was considered essential to have lock-up stores for the
safe keeping of tools and equipment ahead of the cons 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 feet
and no width should be greater than 3 feet, The galvanised iron
gable-ended cubicle designed 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 Adelaidc.
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Through the courtesy of the Engineering and Water Supply
Department, arrangements were made for the hire of a large mess
hall 50' x 20', with a kitchen 16" x 20' attached, complete with
portable tables and forms. At one period 75 persons sat down to
meals in this mess hall, This structure was loaded on trucks at
Robertstown, transported to Copley per rail, thence per contract
carting to the mine, where it was re-erected by the construction
gang at a cost of £78/L/L excluding the kitchen,

To cope with the large number of men at one time employed
on the mine it was necessary to make some alterations ahd additions
to the kitchen end of the structure and to provide larger stoves.
This work, including the erection of the kitchen, cost £83/7/9.

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

The climatic conditions at the mine were severe and it was
impossible to handle meat for the constantly varying requirements of
the mess without refrigeration. Arrangements were made to obtain
a second hand Coldstream refrigerator, capacity 150 cubic feet, from
the Director of lMines, Alice Springs. This structur: was overhauled
by Allied Works Council at Alice Springs at a cost - 7150 and forwarded
to the job, It was damaged in transit, but was rep: —-ed and re-erected
in close proximity to the mess room. The cost of ercecting the
refrigerator and a fly proof room for cutting up meat and also
establishing 2 home-made incinerator was £36/14/11,

The Mount Painter Camp enjoyed the reputation of being
one of the best bush camps established in Scuth Australia, This
was due chiefly to the care taken in the matter of refrigeration,
sanitation and supplying qualified cooks. No complaints were made
by the workmen's committe, which constitutes a record in the
writer's experience,

It must be borne in mind that the Mount Painter camp was in
an out of the way place, too far removed from the nearest bush
township for the men to seek relaxation and amusement away from
the camp, Throughout the job, the personnel remained on the mine
with the exception of occasional sh - rt trips to the nearest water
hole for bathing.
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(v) Sleeping Quarters and other Buildings

Careful thoucht was given to the design of typical framed
sectional structures fabricated in such manner as would enable the
component parts or cubicles to be assembled singly or otherwise in
rows or back to back or as might be requ1red for the various types

of buildings.

Pigi12 - Bleeck of Sleeping Quarters, Mt. Painter, Nov., 194lL.
Two rows of five cubicles back to back constituted one block

of sleeping quarters containing ten cubicles which gnve accommodation

for 20 meni There were three of these blocks, two providing beds,

each for 20 men, and the third which consisted of 8 cubicles provided

beds for 16 men - 56 beds in all, To accommodate the staff, foremen

and visitors, the tents which were erected before the road was completed

were utilised,. The maximum number of beds in use at the lount Painter

camp at any one time was 75.

™ged13 = Small Store, Mt., Painter, November, 194k,
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4L group of L cubicles set in the form of a square was adopted
for the mine store near No. 6 workings. A group of 4 cubicles in
a row formed the miners' change 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
(modified3 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 L2' x 18' cost £199/1/1;
materials £112/10/1, fabrication £24, erection £62/11/-.

The mine store 23' = 18' cost £139/10/8, materials £58/2/-,
fabrication £12, erection £69/8/8.

The miners' change house L2' x 9' cost £131/6/8, materials,
£55/18/3, fabrication £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 £10/6/1.

Fl:roof latrine cost £L7/12/7, materials £19/8/2, fabrication
£6  rection £22/L/5,

Bl cksmith's shop cost £62/6/L; materials £30/19/-, erection
£31/7/ s

Other building were:-

Gable roofed cubicle for camel transport, Ccubicle £43/6/6
Materials for benches £3/19/1 erection for use as a store
£8/1/6,

Sectional steel store from Alice Springs.

Portion erected was 24' x 12'; materials for benches £13/15/6,
cost of erecting store and benches £52/0/7.

Depot at Bast Painter turn-off.

{Cubicle frame covered with fibreen) cost £2L/2/-; materials
£8/17/4, fabrication £3, erection £12/L/8.

Fig 14 - General View I't. Painter Camp, November, 194l,
showing Kitchen and Mess Bulilding, Sleeping Quarters
(3 blocks), Camel Cubicle, =nd Tents.

9. CONSTRUCTION - BAST PAINTER CAMP.

The first accommodation 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 at the rate of 5/- per camel per day. A camel driver to

look after the camels and to do other work was released from the Navy.
The camel team did excellent work in supplying the camp with equipment
stores, foodstuffs and water until the road was completed.

When the road head reached the East Painter camp, construction
materials were carted in and the buildings mentioned below were erected,
Plan No, 3194 Sheet No, 25 shows the lay-out of the camp.

A mess room 34' x 17', with a kitchen 15' x 17' attached
was in use at the BEngineering and Water Supply Department's road
camp at the mouth of the East Painter gor . This structure was
purchased for £50 from the Engineering and Water Supply Department
and was carted to the site and erected there by the road gang.

The chief items of interest were as follows:-

Three portable gable cubicles (Plan No., 3206 Sheet No, 26)
designed in sections for camel transport were erected at a cost of
£43/6/6 each plus the cost of preparing the site and erecting the
three cubicles which amounted to £71/19/9.

The same practice of using the standard sectional design for
sleeping quarters, office a2nd store as at ifount Painter was adopted
at Bast Painter, This gave flexibility of construction and made
the struct ires available for use elsewhere;

(7 .cping quarters consisted of two rows of three cubicles
bake to back forming a block of six cubicles and provided accommoda-
tion for twelve men., The cost of this block was £163/15/11 of
which labour cost £70/5/8 and materials £93/10/3,

The Manager's quarters cost £81/4/-, of which labour cost
£41/10/L and materials £39/13/8.

The mine office cost £66/18/8, labour £36/13/1, materials

The mine store cost £72/11/10, labour £L2/6/3%, materials
£30/5/7.

A shed for the blacksmith was erected at a total cost of
£10/2/11.,

Pige,15 - General View of Rast Painter Camp,
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- At East Palnter, to speed up the dr1v1ng of No. 1 adit, a
portable Broomwade air compressor which had been used on - the road
construction through the East Painter gorge, was hired from the
Engineering and Waker Suuply Department, This was installed on the
road immediately below No, 1 adit and air and weater pipes were laid
to the worV*ﬂg face. The water required for the 8.I;%141 Holman
hammers wa: carted to the sump and lifted to a head tank on the
hill-side ubove the adit by means of a single stage air driver sump
pump. The cost of installing this portable plant including air and
wg}g; mains was £59/1 9/l of which materials cost £53/12/9, labour

£ 7.

. No other construction work of importance was cnarried out
at Bast Painter. Prior to the closing down of all operations at
Tast Painter, detailed plans were in preparation for the installation
of a gravity ropeway from No, 5 workings to the road head and also for
the erection of an air compressor and air and water lines to the
working faces on thau lode. These proposed works remained in
abeyance.

10, DPREPARATION OF MINE PACES AT MOUNT PAINTER.

Before ., the approved mine developmental procramme could be :
comnenced, considerable work was involved in preparatory operations.
The old workings were narrow and low and badly graded. On the
100 £t, level there was a jump-up of 7 feet half way along the 1eve1.
This necessitated breaking down the back and installing a chute and
involved double trucking for all operations on that. level Before
diamond drilling could be started it was necessary to.cut chambers for
each set up. Before winze sinking could be commenceéd, chambers had
to be cut to give head room for haullnu the kibbles; Rails had to
be curved and laid and flat sheets 1nstalled. ’

41, DEVELOPMENT AND EXPLORATION, FOOTAGES.

A% the inception of the job the programme of development
schedule f .- completion by the end of 194y (required as a guide for
further op.vations) was:-

Winzing v 100 feet,
Driving 100 n
Shaft Sinking 20
Diamond Drilling 200 "

Boring for water until located.
Development commenced on the first week of November, 194,
on 17/12/4L4 when the miners left the locality on Christmas leave,
the footage completed was:-

" Mount Painter,

Winzing _ 96 feet
Driving 77 "
‘Shaft. Sinking 15
Rising 17 0
Diamond Drllllng 6L 0
Boring for Water Loy n
East Painter.
Costeaning ' fO feet,
Open cutting 50 "
Shaft sinking 6 "
- Boring for water 150 "

Mining and diamond drilling and water boring operations were
resumed o 13/1/45, Mining development continued on a reduced scale
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as and where requ1red by the geological control until 23/5/&5.
Diamond drilling ceased on 18/8/&5. ,

A summary of the total footage of developmentsl and ex-
ploratory work from November, 1944 to August 1945 inclusive, is
glven below.

Mount Painter°

Tinzing 126 feet
Driving LEO feet,
Shaft sinking 19 feet.
Rising 17 feet. '
Cross Cutting 18 feet.
Dismond drilling 1249 feet,
Boring for water LOL feet.
East Painter.
Driving ' 78 feet.
Shaft sinking . .4O feet,
Cross cutting : 12 feet.
Open cutting 50 feet.
Costeaning 140 feet,
Boring for water L29 feet,

12, DESCRIPTION OF MINING OPERATIONS:

a, Introduction -

- At the time the Mount Painter Project was put in hand,
experienced machine miners and diamond drillers were not available.
It was found necessary to obtain approval for the release of the-
recquired personnel from the Army. The number of men so released was
3. Although outside Army control,. provision existed for civil
sction to.be taken in the event of the released men failing to
complete their obligation to work on the Mount Painter Project for
such period as might be reguired. 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
skilful, The released men were no exception. They worked hard
and continuously without thought of visiting Copley for relaxation,
the spur to their efforts being the desire to take advantezxe of the
somewhat generocus footage bonus offered by the management,

All mining operations were under geological control under the
Director of Mines. The assistant Government Geologist who was .
associgted with the project resided on the mine most of the time for
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 modification at short notice in the light of
geological disclosures or for other reasous. This made it necessary
for the management to adopt a more flexible method than the usual
contract system for payment by results, The mine manager recommended
a bonus systey as being the most suitable under the conditions
existing at Mount Painter. The mine manager was authorised to fix .
bonus rates at his discretion, depending chiefly on the hardness of
the ground at the various faces.,
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The flexibility and suitabllity of this sytem was demohstrated
at Mount Painter where it was necessary not only to provide an
incentive to speed up operations but also to aVvoid the resentment
which miners feel at frequent changes in the form and direction of
their works

The South Australian Government's Industrial Officer adopted
the A.W,U, (Australien Workers' Union) award for the Mount Painter ares,
and by reason of its out of the way location, he granted a camp allow=
ance of £2/5/- per week, the men to order and pay for thHeir own food
and the freight thereon.

The A, WU, award ﬂétes were -

Miners £5/11/« for a week of LO hours

Shaft sinking £5/17/- for a week of LO hours
Truckers, underground, £5/2/< for a week of LO hours.
Winch men £5/14/- for a week of 4O hours,

Labourers £4/19/- for a week of Ll hours,

‘ Overtime was paid for in accordance with the A.W.U. award,
at the 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.

The bonus rates per foot set by the mine manager at Mount
Palnter were: -

50' Level N.Drive -  24/- indreased toward the end of the

job to 27/- per foot;  the extra 3/-

in payment for miners doing their own
trucking.

50' Level rise 16/-~ per foot (preparation of mine faces)

50! Level winge - 16/-, increased successively to 18/-,
20/~ and 22/~ per foot.

80' Sub-level driving-22/- 1ncrecsed to 2l/-

100' L,evel South Portal
Drive =20/- increased to 24/- and 26/-.

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

100! Level Winge - 16/~ increased to 18/~ and 22/-

150' sub-level drive - 24/- per foot,

150' sub-level crosscut at 27/~

Surface shaft 20/- per foot,

Schedule No, 2 attached to this report gives a complete list
of the earhings of all the miners on bonus work for the whole of the
time they were so employed at Mount Painter,
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"t ntnight Name Daywork | . Bonus |[Camp Dedu
ring . : Allow- ess Income Barnings
. . ) ance Tax
g si da (& si dff s.d|& s.d | & s.d & 8. 4
“ /4l ¢ Delbridge,T.H.117 6 10 | 7 5 O {410 0|3 3 O | L 2 6 21 16 4
Hill, F.H. 17640 i 7 5 o410 ol3 3 o | 818 0 |17 0 10
Carlaw, E.G. (18 7. 9 | 8 0 o410 oi{3 3 o {10 5 6 M7 9 3
Netherwood,A.C.18 6 L | 8 O 0 {410 0f{3 3 0 | 617 6 (20 15 10
Rawson, R.J. HN7 9 7 !4 4 o410 03 3 0|4 9 6 (18 11 1
i Bllis, S.0.L. 715 2 | 4 4 O {410 O|3 3 O | 818 0 {14 8 2
EBailey,’L.M. 19 15 10 - {410 o0ol3 3 o} 712 0 |13 10 10"
iperko, C.T. {7 9 7 i 41k 61410 0|3 3 0|9 O 6 {1410 7
i Harvey,W,C. 120 15 2 | -~ 410 03 3 0512 0 |16 10 2
Savage, M, 120 17 11 | e th10 o3 3 o} 6 4 0 |16 - 11
Campbell, &, H1 11 9 148 7!1 1 ol 210 ot 919 4
12/ | Delbridge,T.H.pO 1 8 |9 5 o410 0,2 2 0 |8 5 O |23 9 8
' Hill, F.H. 20 3 119 5 ofn10 o0of2 2 0917 0 2119 1
Py | Carlaw, E.G. b3 10 3 511 8 6{L10 Of2 2 0 |13 8 0 {2318 9
| Netherwood,A.Cle3 13 o0 |11 8 6 (410 O0y2 2 O {1019 6 )26 10 ©
Ellis,s.0.L. p3 210 1 5 4 olu1o olt2 2 o 1101370 j20 1 10
Rewson, R.J. 23 3 6 ;5 4 O 410 032 2 0 8 7 0422 8 6
Bailey, L.M. |3 9 8 - L10 ol2 2 o | 810 6 |17 7 2
Campbell, A, 3 14 6 - L410 ol2 2 o | 516 0 {20 6 6
Ellenson,P.P. R3 15 11 ~ L10 Ooil2 2 o | 815 6 |17 8 5
Harvey, W.C. P3 19 5 - L10 ol2 2 o|l6 L 0}20 3 5
Savage, M. 23 17 5 - L10. 012 2 O} 610 0 |19 15 5
o/ | carlaw, E.G. {16 10 L4 {1918 3|4 10 0§33 O 1 {14 3 O 2315 6
Netherwood,A.CH6 8 11 {1918 3iL 10 03 0 1 |11 12 0O |26 5 1
Bailey, L.M, {p9 1 10 {17 3 9|4 10 0O0}{3 0O 1 {14 3 O 23 12 6
Harvey, W.H, @8 16 7 {17 3 9{L4 10 0|3 O 1 {11 3 6 |26 6 9
Delbridge,T.H.HA5 10 10 {14 17 o 1L 10 0|3 0o 1 | 812 6 |23 5 3
Hil1l, F.H. P9 8101} 3 9 6|L10 0|3 0 1|7 2 0|17 6 3
Ellis, S.0.L. f5 16 5 |13 13 o410 ©0}3 o 1 |11 3 O 19 16 L
Rawson,R.J. 15116 5 |1313 0 {410 03 0 1 {817 0|22 2 L
Best, H. . 2 18 3 - L10 0]3 0 1 | 813 0 {15 15 2
® Savage, M. ‘22 18 © - L10 0|3 0O 1 6 2 0 }18 5 11
campbell,A. 18 810 {11 7 6L 10 03 0 118 1 623 4 9
13/12/4LiNi1 ' -
13/1/45 (Nil
27/1/45 ‘Delbridge,T.H.H5 9 8 |1310 olh 10 ol111 6 |8 6 02312 2
Campbell, A, HL 10 O 1310 O {L 10 O]1 11 6 | 710 023 8 6
Netherwood,A.GH15 5 8 |13 10 o lu 10 O|1 11 6 812 0]23 2 2
Carlaw, E,G. 15 5 8 (1310 O 4 10 O} 1 11 6 912 0Ol2e2 2 2
Rawson,R,J. 4y 3 o |14 14 oln1o ol1 11 61 812 023 3 6
i
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showing nett earnings of bonus and contract miners.
st uight Name- I Daywork | Bonue Camp D: luctions Nett

aling’ S o tllow- Mess Income| Earnings
@ ' ' nes L S
- £ S. d [£ 8. A 5. 4 |£ 8. £ 8, d |£ 8. d°
~7/1/45 Hllendon,P.P. [6 16 8 |6 10 Of4 10 0 |1 11 6 810 617 14 8
berry, H.E, 515 11 |2 9 410 0 {111 6 6 10 Of4 13 9-

smith, .4, 1519 2 {2 0 Oy 10 O |1 11 6 6 6 O 4 11 8

B111s, S.0,L. |8 2 4 |8 4 oled1 5[-18 o | 6 9 0110 9

savage, M, 6 2 9| = 211 5 |- 18 © 1 5 ole 11 2

10/2/45 parlaw, E.G, 418 5 |25 0 OlL 10 0 |3 6 6 14, 7 O p6 14 114
Netherwood,A.C.flk 18 5 |25 0 O 10 0 {3 6 6 13 4 6 p7 17 5.

Rawson, R.J. [1510 10 |15 18 Ol4 10 O {3 6 6 912 0p3 0 4

£llis, S.0.L. 15 2 & 518 olb 10 0O |3 6 6 11 18 o kO 6 O
Ellendon, P,P, 16 18 "7 |5 8 O/l 10 013 6 6 8 2 op5 8 1

Smith, J.A4, 19 3 6 = u10 0|3 6 6 616 01311 ©

Percy, H.E. g 1 11 . 5 W1 o3 6 6 6 8 0217 5

2l/2/45 |carlaw, E.G, Hu 9 3 |18 o0 olu 10 0 |3 6 6 11 2 0 p210 9
Wetherwood,A.C.1k 9 3 18 O Ol 10 0 {3 6 6 919 6 p3 13 3

Bllis, S.0.L. N3 4 3 |1516 6 10 0 |3 6 6 814 6 PpP1 9 9
Rawson,R,J. N3 L 3 1516 64 10 0O |3 6 6 11 0 6H9 3 9

/45 [Ellis, 8.0.L. [0 12 4 | 615 Of 5 0 |1.14 10 510 3f2 7 3
® Rawson, R.J. 012 4 {615 Of2 5 O |1 14 10 L 2 31315 3
Carlaw, .G, fflo12 L |9 0 o2 5 0 {11410 513 3Lk 9 3.
Netherwood,A.C.lO 12 4 [ 9 O o2 5 0O |1 1410 5 0 3f5 2 3

5/L5  |Cooper, D.G, 913 7 - 2 5 0|1 L 6 3 9 0|7 5 1
Hayward, E.W, P 13 7 - o 5 o1 4L 6 [|. 3 9 0}7 5 1

2u/3/45 |percy, H.E. ik 4 5 |14 3 610 o022 9 O | 1013 0H9 1511
Smith, J.A. y 4 5 |14 3 6410 02 9 O 10 13 019 15 1

Gooper, D,G. b 510 |11 8 oy 10 0 f2 9 O 910 618 L L
Hayward,B.W, f4 510 |14 8 ojy 10 02 9 O 910 618 4 L

7/4/45  iPercy, H.E. 3 6 5 |15 6 Oy 10042 9 o | 1015 61917 1
smith, J,A. 13 6 5 |15 6 oL 10_0 |2 9 O 10 15 6 19 17 11

Cooper, D, 3 9 2 |10 2 6410 0 }l2 9 O 813 o hé 19 8

Hayward, E, 13 9 2 {10 2 6410 0fj2 9 O '8 13 06 19 8

M/4/45 lPercy, H.E.- 1L 7 3 |10 11 6|4 10 0O {212 6 9 L op712 3
smith, &iA. [k 7 3 1011 610 o0 f212 6 | 9 4 ofi712 3

Cooper, D. Yy 510 {11 3 6|h 10 0 212 6 ‘9 8 0fl7 18 10

Hayward, E. 1, 510 M1 3 6l 10 O |2 12 6 9 8 onpn7 18 10

/5/45 | Cooper, D, i, 41 4 ML 10 3y 10 o |2 12 6 11 0 601918 7
& Hayward, E. - f4 11 4 [1h 10 310 o |242 6 |11 o 6h918 7
"/5/45 | Cooper, D. i, 510 M2 3 Oy 10 O }J2 9 2 915 6 18 14 2
Heyward, &, b 510 |12 3 Ols10 O |2 9 2 915 6 /18 14 2
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At'East Painter where the conditions were simpler, a footage
contract system was adopted, the rates being set by the manager
and based on the local donditions, ‘ ‘ .

_ All mining operations at Zast Painter whether on the surface
or underground, were carried out by hammer and tap methods with the
exception of the drive at the No. 1 adit for which a portable -
Broomwade air compressor and rock drills of the jack-hammer type
were installed. ‘At a later stage 2 larger air compressor and the
requisite piping were made available for 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 adit at £2 per foot.

Sinking shaft on No, 5 Lode £3/7/6 increased to £4 pér ft.
Driving LO' level on No., 5 Lode £3/7/6 per foot.
Crosscutting LO' level No, 5 level. £3/7/6 per foot,

Schedule No, 3 shows the earnings of all the miners on
.contract work at East Painter, :
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SCHEDULE NO. '3
- EAST _PAINTER

Schedule showing nett earnings of contract miners.

Fortnighit ‘Name ! Déywork% ‘Contractff Camp ' Deductions Nett.
Ending | | i 4 Allow-; Mess Income| Earnings
| i P . ance Tax T
| £ s, di £ s.d! & s, di £ s.d] £ s 4 £ s.4a
13/1/45 | Flaherty,M. i.6 9 1;_10 9 10'2 4 10 o% 2 9 0f 518 0O/13 1 1
Hayward, E. 6 9 1{10 910 : L10 0Ol 2 9 0f 518 0113 1 1
| O'Donoghue,M, | 1 13 u% 8 1 5: 217 1o§ 111 6| 315 of 7 6 1
/45 | Flaherty, M. | {1813 7! 410 0{2 9 0] 612 014 27
| Hayward, E. ; 118 13 7 : 410 0;2 9 0] 612 O[14 27
{ Cooper, D. . ‘o 11813 7 i L10 0i2 9 0} 612 Ol14 27
 Harvey, W.H. = | 410 4 42 5 0:1 4 61 2 9 Of 81510
| McInerney, J. 1312 -5% . L10 032 9 04y 312 ofj12 1 5
| O'Donoghue, M. | 4 5 3{11 L4 3410 0}2 9 0} 5 & 012 L6
| Bailey, L.M. ! t10 4 L4 g2 5 034 4 6f 313 0 7110
10/2/45 | Hayward, E. : !1916 7 1410 01118 6, 7 2 0j15 6 1.
' Cooper, D. ! j1916 7 {410 0;118 61 7 2 ol15 6 1
| Planerty, M, 1916 7 1 410 0{118 6] 7 2 0[15 6 1
@ %Bailey, LM, b {2312 2 . L 10 01 18 61 813 ol1710 8
i ! Harvey, W.H. {23 12 2 L1410 0:1 18 6, 6 2 0,20 1 8.
! 0'Donoghue, M, | 1515 O | L 10 © %2 1 61 5 8 0]1215 6
{ McInerney, L. {12 5 7! ' 310 8113 3| 216 0of11 7 0"
2li/2/45 | Gangell, A.H. {12 0 O L10 0:2 2 0 3 0 ol11 80
- ! Hayward, E. 12117 9 {410 oj2 2 ol 718 ol16 7 9.
Cooper, D. : f21 17 9 {410 0i2 2 0} 718 0{16 79
Flaherty, M. - | {2117 9 ;410 0,2 2 0, 718 0j16 79
Bailey, L.M. é' 130 1 1 fL410 0i2 2 0[11 8 021 11
| Harvey, W. | 130 1 1 1410 072 2 O 816 0[2313 1
/%/U45 | Hayward, B. . % b 3, 410 0 }2 5 01 1 0; 3 1 0| 6163
Cooper, D. | L 5 L{ 410 0 ;2 5 01 1 0 3 2 O 6174
) Flaherty, M, {12 9 9. L10 0 (410 Ool2 2 0] 518 0{13 9 9
- ) I 1
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. The plant for machine mining was obtained, some new and some
second-hand, from the Director of Mines at Alice Sprlngs through
the Department of Supply and Shipping, Melbourne. Suitable plant
was not available elsewhere at the time,

The rock drills supplied were Of the following types:

C.P. 50 drifters
Ingersoll Rand, J.B. L's.
Holman Silver Bullets
Holman S,L. 11's.

The C.P, 50 drifters were excellent machines but required too
much air for the conditions at Mount Painter. They were discarded
by the machine miners in favour of the smaller types. The Ingersoll
Rand J.B. L'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, Mining Methods,

Most of the miners on the job were from Broken Hill but
there was a sprinkling of men with Western Australian experience
as well, There was a difference 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 3199 Sheets Nos, 29 and 30 illustrate
both drag cut and post hole cut as used on the field. Careful
analysis of the results indicated that the post hole cut had the
advantage both as to rate of advance and cost of explosives.

The Western Australian miners using the drag cut operated with
a L4 foot horizontal bar with one set up, boring 18 holes in a round.
The objective (never guite realised) was to set up, bore, fire and
bog one three foot cut per shift., The firing order is shown on Plan
No. 3198 sheet No, .29,

The Broken Hill miners adopted the post hole cut using a 6 ft.
vertical bar with one set up.drilling a round of 18 holes 6 ft. deep

square with the face, Their objective was a 6 ft. 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 right 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 sguare were not
loaded. The firing order is shown on Plan No, 3199, Sheet No, 30.

Some 0f the machines from Alice Springs were fitted with &"
chucks and some with 4" chucks but the steel available from that
gource proved to be much less than anticipated. Difficulty was
experlienced 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 donc by A. Noblc and Sons, Adelaide.

The Supply and Shipping Department in Melbourne was able to
forward modern Jack bits type 1 which will fit either " or 1"
steel, These were in sets of three sizes 13", 130 gnd 13", These
jack bits were suitable for moderately hard ground but in the
brecciated country carrying haematite there was a tendency for the
softer materials to clog because of inadequate water pressure.
Water for the drills ‘was obtained from tanks near the top of the
hill, but this was only about 30 feet above the highest poiut of

[ SR
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operation, Standard Ingersoll Rand preésure tanks were supplied to
boost up the water pressure to equal the air pressure if necessary.
The men, however, were hot familiar with this equipment.

The advent of a first~class blacksmith on the mine improved
conditions and the men then adopted the chisel bit, relying on the
blacksmith to give them the temper they needed on their steel, The
blacksmith's shop was located at the mouth of the 100 ft, level,.
near enough to all working faces for easy contact with the miners.
Under these conditions the chisel blts 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 Painter and East Psinter, The total cost of black-
smithing and tool sharpening at Mount Painter was £h4LL4/17/1. At
Bast Painter the cost was £6L/12/9.

Schedule No. L illustrates mining costs at Mt. Painter and also
at East Painter, . ' —
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SCHEDULE NO. 5°
MOUNT PAINTER NO. 6 WORKINGS

SCHEDULE SHOWING COST PER FOOT OF MAIN HEADINGS.

i

 Location Foot{4 Miners| Miners Miners Storesg Air Smith~ | Water | Hire Holiday| Total Cost
1 age in VWages Bonuses | Camp i ing and i of Pay Cost per
Feet 1 Allow- | Repairs t Plant foot
ance . ; : } !
£ ss df £ s. d} & s d|£.s. 8 £ s, d £ s..d £ s. d £ s.. &% s, d % s, Ad| £ s. 4
Winzes below S ; ; : i :
5¢)' & 100! L, 126 (313 13 31105 13 6 |86 5101710 - ;6112 8188 6 L2 O gly 7 L7 0 575610 016 0O 1
South Portal : N i :
d#ive 100' L, oh (126 9 110l 3 013615 O Ly 1 14 P45 19 11 i65 17 L1819 218 3 L1214 0460 2 9| L4 17 14
North Drive ' i P , A
100" L. 186 1235 17 111229 16 0 |74 5 010941 2:91 0 3430 7 84715 03519 95 2 74915415 2 2
North Drive " o i . § ,
. 50! I, 129 M79 16 8pn77 L 6 (5510 082 1310 ;63 2 5190 8 LH2 6 2i2h 1811 117 8 6703 9 L|5 9 1
Drive 180"'Sub.L. 51 3817 2160 4 012 0 Oky 17 10'52“ 1810135 14111 L 17 610 2 916 1792181094 5 9
" Drive 150! ' ‘ S
Sub, - L, 8 Lb16 61 7 4L 0o 110 0212 3} 219 3{ L L 2{-11 Lit1 2 L4i-162{25160(4 6 O
Crosscut 150! ~ ! ‘ ,
Sub, L. - 12 16 13 016 L O 5 5 0443 M1 3. 517 5 8 8 3414 2 8j2 5 6{112 ui70 13 5: 518 3
Preparation Z |
of Hine Faces - 35617 4| - --]98 2 546 8 2424 9 735 011415 6{912 9i6151(582 19}~ - -
SAST PAINTER WORKINGS. _
Prive Mo, 1 : - - wachines : .
Adit . ‘50 - - =120 0 O0l24y 0 0OFk9 3 612016 0{2L17 341 5 O 6'_7 L 219 0 71316 6616 6V 6
rive 4O L, - ' ‘ ' . ‘ ' and Labo 1.
gg.*f_) Lode 28 - - =|9% 3 92219 0oHN816 7 Nil 1318 511 0 O0}9 12110132173 310!6 3 8
inking Shaft : _ _ ‘ ' and LabOUﬁ‘ : ,
No, -5.Lode { 4o 59.210{8710 0|43 2 6p2 L 3 Nil 1917 9i1 0 O0"315 915 L 5]261 17 6,6 10 11
Crosscuts LO' i - ‘ ' : Hand Labour | :
Level No, 5 Lode 12 - ~ «+ 03010 0O 9 0 01512 11 Nil | 519 LL!- ~ -4 2 8i{L 1131691621516 4
B '. : :
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ce Plate ‘Laying

250 yardg of llght tram tracks were 'laid to the various working
faces at a cost of £302/5/L of which labour cost -£134/13/10 and
materials £167/11/6. The cost per yard of track was 24/2.. The )
rails used were steel, 14 1lbs, to the vard spiked to 4" x 11" Karri:
sleepers w1th g" dog spikes.

d..Underground TruckLng

The jump up of 7-feet on the 100 feet level added considerably
td trucklng difficulties, It was necessary to construct a chute
at this point and to re-truck from the chute to the dump. - . To give.
working room for the chute it was necessary to blast down the back and
widen the drive, The grades on the old working levels were 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, Aword rates of £5/2/- per week of
4O 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 Bast Painter where only one short adit of 50 Ifeet was
driven, the trucking was included in the contract rate for dr1v1ng
-the No, 1 adit.

€. Surface Prospecting Shaft at Mount Painter.

For prospecting purposes a shaft was sunk on top of the hill
to the north of the No., & workings, The sinking was done by hammer
and tap methods as air was not available. The depth was 19 feet 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
shaft. ’

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

f, Diamond’ Drilling;

A programme of diamond drilling commenced on 29th October, 194y,
and continued until 21st August, 1945 under the supervision of the
Mechanical and Boring Engineer of the Mines Department and under the
direction of the geological control by the Director of Mines through
the Assistant Government Geologist. .

An air driven Sullivan No, 6 machine was used, producing a
core 1‘" diameter., - The bits uwsed were machine cast and made by
Boyles Brothers, Melbourne.  The diamonds were Congo brilliants.
Duffield's patent double tube core barrel was used, This gave a
core recovery of 86 per cent over the total footage drilled. Much
of the ground passed through was badly fracturcd and produced broken
coreg

. The foreman diamond drlller was paid at the rate of £6/10/-
and his agsistant at the rate of £5/9/- per week of 40O hours, They
also received the camp allowance for the locality of £2/5/- per week,
A bonus of 1/- per foot of hole drilled and 1/- per foot of core
recovered was also granted as an incentive to quick and careful
work. This bonusg was divisible 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 uah were
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.less than the bonus earnings of the miners. .= On the diamond drilling
the bonus earnings averaged about 30/= per week per man,

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

SCHEDULE NG. 5 S

DIAMOND DRILLING AT MT, PAINTER - NO. 6 WORKINGS.

Schedule showing locéfioh of holes and core recovery.

T ' Hole ‘ Depth " gore
Location Type Number in PFeet Recovery
100" Level Horizontal 1 201 o 166" L
100' Level Depressed 2 112t gn /Mt ogn
100' Level . Horigontal 3 224! 8n 0Lt 2n
100" Level  Depressed L 1151 - 85" gn
100' Level  Horizontal 5 100t oOv 8g' o
185' Level  Depressed 6 330' 8" 298' 3"
50' Level  Horizontal 7 167 14" 139 1an
1249* 4" - 1075' 11"

SCHEDULE NO, 6

. DIAMOND DRILLING AT MT, PAINTER - NO. 6 WORKINGS.
Date Commenced 5/11/LL Date Completed 28/8/L5

Size of Core 13"
Total Footage drilled 1249 rt, 41 in.

Total core recovered 1075 ft. 11 in.
Percentage core recovery 86.1%
Cost of Wages, day work £704 16 6)

, Ccost per foot 16/3
Cost of Camp - 187 17 -6 ,
Cost of Bonuses 121 7 O

Cost of stores, including

_ bits 314 19 O do, 5/~

Cost of air 366 14 9 do. ‘ - 5/10
Cost of water 56 L O do, : 114,

Hire charge on drilling -
plant 57 4L 9 A0, 1414d.
Repairs to drilling plant . :
and compressor

£48/9/2 + £15/0/3 63 9 5 do. 1/-
’ Preparation for diamond . - )
i drilling 51 10 L do. ___Jloa.

1249 £t, 11 in, of . Total - cost

drilling cost’ £1924 3 3 per foot . 30/9
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13, GENERAL CAMP COSTS.

a. Mess Organisation.

. The atmosphere of the camp was most satlsfactory._ This
was due in large measure to the care exercised in the matter of
.providing adequate cooking and mess facilities, It was decided to
adopt what is known as "shearers ' mess'" conditions under which the
men are responsible for ordering and paying for their own food—stuffs,
the details being left to a commlttee appointed by the men: The .
Project supplied the personnel for the. cook house free of charge to
the men, and also assisted the mess committee by doing everything
possible to ensure that the food ordered in Adelaide was promptly
collected and forwarded to Copley. . .

* . The mess was fortunate in being able to obtain fresh supplies
of meat from Arkaroola Station until about the middle of February
1945,  The local drought conditions thenh became so severe that
Arkaroola was unable to supply any more sheep fit for killing.
Thereafter until the completion of the Job, sheep were obtained from
Wooltana Station,

The rates of pay for the cooks and cooks' offsiders were fixed
by the South Australian Government IndUstrial Officer in accordance
with A,W,U. award rates under which a cook's pay is £5/9/~- per week
of Ll hours with overtime at the rate of time and a half, .. After
studying the conditions on the job, the Industrisl Officer varied the
rate to a flat rate of £9/10/- per weck, no overtime and at a later
date reduced this flat rate to £8 per week, no overtime, The cost
of cooks and cooks' offsiders, was £1197/L/2, At Tast Painter the
cost was £324/13/3,

b, Supervision at the Mines.

At the commencement of operations great difficulty was éx=
.perienced in obtaining a. suitably trained man to act as mine manager at
Mount Painter, The Manager of the Zinc Corporation at Broken Hill,
however, came to the assistance of the Project by making aveilable,
young, well trained officers on loan from his:own staff, . The cost
of supervision consisting of Manager and fcremMJWas as follows:-

At Mount Painter . £622/1/1
At East Painter: £143/15/5

Timekeeping .costs were:-

At Mount Painter ehol/7/0
At Bast Painter £120/5/-

C, Surveying.

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 Bast Painter area were
prepired by the geolbgical and geophysical staff camped at East
Paln er.

The surface plans showlng the layout of works and buildings at
Mount Painter and East Painter were prepared by a licensed surveyor
from the Lands and Survey Department who also carried out the field
work and prepared the plan of the trigonometrical survey (Plan No.
294.2) of the whole of the Mount Painter area.

The cost of surveying excluding Geologists' salarles was
£ull/18/10 of which £402/9/- was incurred .by the Lands and Survey
Department, chiefly in connection with the trigonometrical survey.
of the district.
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de SQperviSion at. Copley.

It was necessary to establish at- Copley a receiving and forWard-
1nu depot to handle the business of the Project into and out of that
rallway station and to transmit telephoned instructions and messages
to and from the minesd,

To house the depot clerk the Egnlneerlng and Water Supply
Department made available a su1tab1e building 34' x 17'.

The cost of supervision at Copkey was £395/16/1

e, Holidays and Travelling»Tlme.

As mentioned elsewhere a large prOportlon off the personnel
emploved on the Project at liount Painter and East Painter were soldiers
released from the Army for this work, On account of its urgency the
men Were ‘required to proceed to the job immedistely upon release,

This gave nmost of them little or no opportunity to visit their homes
after their return from the fighting forces,

Under the circumstances the men, who so desired were permitted
to visit their homes during the Christmas vacation period. Arrangements
were made for them to join a special train from Marree on 20/12/4L
and to return by special train leaving Adelaide on 10/1/45, Employees
taking advantage of this opportunity were reimbursed the cost of
their railway fares upon production of recelpts.

The cost of travelling time to and from the mine at the
commencement and end of - the job and durincs the Wwacation period was
£248/12/3 for Mt. Painter and £30/0/0 for East Painter.

"14. MISCELLANEOQUS COSTS.

Other costs not deslt with in detail in the foregoing sections

are ;-
Item : Labour Material = Total
: £ 8. d £ 8, 4d £ s, d

Mt. Painter Camn Malntenance 263 17 3 162 5 10 J26 3 1
East Painter Y 35 17 7 30 11 11 66 9 6
Mt, Painter Sampling 62 0 5 36 8 10 98 9 3
Fast Painter -~ " 7 60 112 © 818 0O
Mt. Painter Prospecting 21 5 0 .6 8 11 27 13 11
East Painter Y : 70 11 5 L 6 9 74 18 2
Mt., Painter Road Repalrs : 73 1L 7 - - - 73 14 7
East Painter 16 8 3 - - - 16 8 3
Mt. Painter Erecting Tents . L 4 10 e e - L L4 10
Bast Painter 1316 8 - = - 13 16 8
Mt. Painter Underground Maintce., 137 1 O - - - 137 1 O
Mt. Painter Dismantling Plant 232 10 1 - - - 232 10 1
East Painter " 43 9 L - - - 43 9 L
Mt, Painter Erecting Saw Bench 8 o0 1 - - - 8 0 1
Mt. Painter Repairs to Gates and

Fences 12 © - - - 6 12 O
East Painter Clearing Camp Site 10 12 -9 - - = 10 12 9
East Painter Costeaning 81 3 3 12 0 3 93 3 6
East Painter Repairs to Telephone 1 6 2 - - - 16 2
East Painter Open Cutting 73 6 9 12 0 3 85 7 O
Bast Painter Camel Pad 24 13 1 - - - 24 13 1
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{5. DISPOSAL OF PLANT AND EQUIPMENT.

A1l field work connected . with the Project ceased on 17/9/L5
on which date the remaining personnel left Copley per motor lorries
with the last loads of materials for Adelaide. Prior to that date
all plant and equipment had been carted to Copley for 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 Truat Fund for Commonwealth Assistance for
Metalliferous Mining.

The unsold balance is stored pending a decision on the extent of
future operations, Further purchases are likely to be made by
Government Departments. § , :

: The final result will be 1ncluded in the financial statement
-to be prepared by the Accountant on completion of accounts.
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. The following observations on the uranium minerals of the
Mt. Painter district are based upon investigations of a collection
of specimens gathered from the outcrops and workings of the various
"prospects" in the Mts. Painter district, supplemented by specimens
supplied by the Mines Department of south Australie, and specimens
of ore from the No. 6 workings in the museums of the Geology
Departments of the Universities of Adelaide and Melbourne.

The varioﬁs'"prospects” on the uranium field include:

:%._
Mt Painter Area

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

No. 4 working on a southerly spur of Mt. Goo.

No. 5 working on & lower slope of Mt. Gese,

Noe. 6 working on a spur south-east of the camp’, and

: sast of Radium Creek.

No, 7 workings and Minerva Helights workings, on a
spur west of Radium Creek and west of No. 6
workings .

East Paintepngzgg,u

"Bentley Greenwood" prospect,

"smiler Greenwood" prospecte.

No. 1 adit, Bast Painter, north-west of ¢ amp,
eagt side of Heighty Cresk.

No. 2 prospect, north orf CEamp»

Nos 3 prospect, ahout 520 ft. west of Helghty Creek.

Noe 5 prospect and workings, north-west of camp.

Prospect one mile due west of East Palnter camp, on
an outcrop running for two miles straight
towards Mt. Paintsr (not visited). -

The localities of these various prospects are shown in
the plans accompanying other reports in this Bulletin,

Previous publlications dealing with the mineralogy of the
district have been listed elsewhere, and will be referred to here
only as rescguired by occasions In the text.

1l OCCURRENCE

The wuranium minsrals occur in;‘or near the margin of, an
area of granitic rocks, frequsntly in brecciated zones that often
coincide with the outcrops of small bodies of ironstone. The

® An account of the nature and occurrence of these minerals was
issued as Mineragraphic Report No. 315, of the Council for .
Scientifiec and Industrial Research. This present account is a
revigsion and enlargemsnt of Report No. 315, following upon a
second visit to Mt. Painter.
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granite approaches a pegmatite in composition, and consists essen-
tially of quartz and reddish microcline. Desseminated ferromagnes-
ian minerals are typically absent, but brnds and schlilieren of blo-
tite rock, or biotite-garnet rock, presumably related to the granite
are found at short intervals. Mawson (1944, p.356) records the
occurrence of small grains of a black radioactive mineral in the
granlte at a point about one-quarter of a mile south-wsst of Smiler
Greenwoodis prospect, .

Near to the Mt. Painter Cemp, the sedimentary schists
and gneisses marglinel to the granlite have besn extensively granitiz-
ed, and all stiges can be traced in thin sections from biotite
schist and gneiss to rocks of apparently igneous character, some
resembl’ng felspar porphyries, others pegmatic granite. This
transition 1s clearly seen in the diamond drill cores from the No.
6 workings. - : '

At east Painter, also, the maln prospects occur in a
region of brocciated and granitized sedimentary schists and gnelsses.

’ Along the spur leading from Radium Creek to the prospects
cn Radium Ridge, well within the main granite arsa, thers are
numerous outcwops of large rasidual bodles or xenollths of schist
and gneilss,. dispersed through the prevalling pegmatitic granite.
S3imilsr bodies of schist and gneiss were noted along ths ridges
between Mt, Gee Creek and the Smiler Greenwood prospect, anhd also
along the slopes and spurs of Mt. Gee. This appears to be a
charactsristic feature of the grenite area, so much so that ths
Impressicn 18 gained that the pecullar pegmatitic granite represents
an area 1in which there has been extenslve rsplacement of the
schists and gneisses by the magmatic flulds,

+

A feature of the granitised rocks, apart from the Iintro-

duction of gquartz and felspar, is the alteration of the bl.otilte
of the schists which has asccompanied the formation of tourmaline
. and other minerals. The brown biotite is altered first to a
paler-coloured, high polarising bilotite. It then passes scmetimes
into a pale chlorite, sometimes to near-colourless mica, distinguish-
able from muscovite only by a pale yellowish-green pleochrolsm,
and finally to a cdourless muscovite. In all cases, the change
1s accompanied by a discharge of iron oxide, sometimes dispersed
as fine particles through ths blotlte; sometimes aggregated around
- the margins. ihen recrystallisatlon has cccurred, blades of

hematite appear.  The later migration and accumulation of this iron
probavly contributes to the formation of the ilronstone deposlts,
Some times the alteration of the biotite 1s accompanied by the
development of a brownilsh, highly refracting mineral similar to
sphene, and at other times needles of rutile are formed,

At times the crystallization of felspar and quartz do
not appear entirely contemporanocus, and quartz has the appearance’
of iInvading and enveloping the felspar., When the quartz predomin-
ates, s1linifilcntion of the schists occurs with the formatlon of a

qusrtzite ~1iike rocko

The lronstone deposits are 1In no scnce gossans derived
from the oxidetlonaofsulphides. Theywére formed after thce intro-
ductlon  of the felspar into the granitized sediments because the
iron ore minerals are generally found replacing the fselspars along
cleavages and fractures. Some of the iron ore developed originally
as magnetite, and pseudomorphs of hematite after magnetite, often
with some residual magnetite in the core, are to be found. Much
of this ironstone has a granular texture, which remalns after
‘oxldation and weathering, giving rise to massive outcrops of hard
ironstone, but wiwre the ironstone contains a considersble pro-
portion of unreplaced and often kaolinlzed felspar, 1t is softer,
and somewhat greyishs At thes No. 6 workings, where the ironstone
.apre ars to taper downwards, the thinning or lensing out is
accompanied by an increase in the amount of unreplaced falspar.



When this felspar is aitered to kaolin or related clays, the iron~-
stone has the appearance of being more severely weatherdd in depth
than at the surface.

The uranium minerals have been found chiefly about the
marging of a wide area; which 1ls intensely impregnated with vughy
quartz; céntring about Mt. Gee; The quartz 1s of epithermsl
charascter, and occurs: characteristically as clusters of rediating
‘erystals (Fig. 1), which frequently project into vughs, and have
been deposited frequently in columnar fashion on rod-like crystals
of gypsum, At the surface the gypsum has generally been redissol-
ved, leaving a prismatic cavity ("nall-hole™) in .the quartz (fig.
2). ' In places, as near the base of Mt., Gee; north of the No. 4
prospect; the gypsum is found apparently in place; in the "nall
koles", The possibllity that the gypsum was introduced as =a
secondary filling in the holes cannot be altogether excluded, but
1t seems unlikely, because in some specimens of the "nall-hole"
quartzj the prismatic cavities end in arrowhead re-entrants,
such as characturlso many gypsum orystals (Figs. 3 and 4). More -
over, there can be no doubt that the original minersasl must have
been a common mineral, in view of the sabundance of the Hnall holes",
and 1t must also have been relatively soluble under atmospherio
conditions. :

A little calclite is encrusted on the guartz and gypsum
at the locality north of No. 4 prospect, and thsre has been some
tendency to regard 1t as merkling the point of issue of a hot
spring. This seems unlikely in view of the f act that the greatest
development of the epilithermal quatz 1s 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 locallitieos where stream srosion has
exposed quartz, from which the gypsun needles about which 1t
crystallized have not been removed. :

In places, the gypsum ahd quartz show alternating depos=-
ition, a thin layer or layers of fine '"nall hole" quartz encrusting
a thicker, couarrer-grained layer of similar quartz.

The greatest thickness of this quartz-is at Mt. Gee,
where it occurs throughout several hundred fee¢t vertical helght,
Away .from Mt. Goe, the epithermal quartz is less strongly developed,
and does not appecar to extend far below the tops of ths present
ridges. Mueh sccondary quartz is found in some of the prospects,
showing features in thin sectlion identlal wilith undoubted
eplthermal quartz, while not apparent as such in the hand specimen.

East from Mt. Gee, clwe to the site of the temporary
camp on Mt. Goe Creek, the epithermal quartz occurs intimately
intergrown with a small lode of fluorits. Both gresn and purple
fluorite occur, iIn zoned crystals', the purple fluorite occurring
generally in zones in contact with the epithermal quartz. Barite
velris also occur in the eplthermsl guartz belt, at several widely
spaced points, such as Radlum Ridge, and east of Mt. Gee, on the
track to "Smiler!'!s" East Palnter prospecte. A small amount of
barlum is present in the No; 6 Workings (Mining Review, Department
of Mines, S.A., No. 19, 1914, p. 1l2).

There 1s a genetic relationship between much of the
hematite occurring in the ironstone outcrops and the epilthermal
quertz, as 1is evidenced by thelr intimate intergrowth. This
relationship is clearly seen at the No. 2 Workings, on Radium
Ridge, where cmrse-grained hematite 1is 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 1s found. Intergrown with abundant monazlte
is hematite which 1s partly martite, Traces of magnetite in
hematite are¢ still to be observed in pdlished sectlions, and much
of the hematlite shows a granular structure suggestive of the form
of orlginal magnetite crystals. Assoclated with this hematlte



is a considerable smount of bladed or specular hematite, which is.
intimately intergrown with the epithermal quartz, and in oceasional
specimens hematite occurs as perfect crystals encrusting guartsz
erystals 1n vughs. It seems probable from this that the iron was
originally present as magnetite; but was subsequently oxldised to
hematite, possibly through the actlon of the epithermal siliceous
solutlons -that deposited the quartz. Part of the l1lron was re-
dissolved by these solutions, and reprecipitated as specular
hematite.

The fact that the uranium prospscts are assoclated with
inronstone outerops (which also contein monazite) may be explained
as due to the fact that these localitles originally marked bodiles
containing magnetite and monazite, probably with primary uranium
minerals. These rocks were, in some Instances, fractursed and
brecciated, and then infiltrated by the epithermal quartz solutions
which dissolved some of the 1ron oxides re-prscipitating them as
hematito and at the same tims comenting the breccia into a part-
icularly resistant rock. :

2. TURANIUM MINERALS.

The uranium minerals so far discovered in the varlous
prospects and lodes are as follows: autunite, torbsrnite, meta-
torbernite, uranophane, gurmite or uranium ochre, and an unidentifi-
ed uranium silicate, and fergusonite. Assoclated with them are
various primary minerals such as hematite, monazite, pyrite and
fluorite, and various alteration products and secondary minerals
such as psilomelane, goethite, collophans, iron phosphates, limonite
and gypsume.

Other uranium minerals recorded as occurring at Mount
Painter; but not found. during the present investigation, are
zounerite, and carnotite. A specimen labelled zeuncrite in the
Museum of the Geolocgy Department; Melbourne University, was found
to consist of meta-torbernite.

as Autunito --Ca0.2U03z.P205420H50

Autunite was a prominent constitutent of the rich shoot-
formerly extracted from the No. 6 workings (fig. 4), but has not
been found in the subsequent openings made at this locality,
except for g veln about half an inch wide a2t the - outh end of the
shoote, on the 50 ft. level, opposite the No. 1 winze. It has
not been found as yet in any of the other prospects of the dilstrict,
except for small amounts in vughs at the No, 2 workings on Radium
Ridge. The autunite occurred in small seams (Fig. 5) intimately
‘assocliated with torbernite, colloform manganese and limonitic
minerals, as a cement of a breccia, The seams contailned numerous
vughs and masslve lemon-~yellow to sulphur-yellow platses, up to 1
cma. across, developed on the walls of the vughs. - The autunite
has refractive indices between 1l.550 and 1l.575. It 1s uniaxial,
or very nearly so, and optically negative. In Gltra-violet
light it fluoresces a vivid emerald green.

An analysis of selected material from the No. 6
workings has been published by Hodge-Smith (1926), and is as
follows 3~

cal , 6.56

Uzog 58485
P205 - 14.80
Hzv 19460

. 100407

SP.Gr. -3-+198



This corresponds to the formula Ca0.2U03.P205.10H20.,

The Mt. Palinter autunite appears to be lsomorphous with
the torbernite found therse, and compositions intermediaste between
ths two can be found. Ths presence of copper in the mineral is
indicated by the appearance of a greenish tint, which becomes more
intense as the copper content risss. This transition has been
observed In a single platy crystal, the core consisting of yellow
autunlite, passing to cupriferous autunite at the margin, and has
been confirmed by micro-chemical tests for calclum -and copper.

The transition is marked by an increase in the refractive index of
the autunite. Rinne (1901) describes a simllar rélationship.

It is noticeable at Mt. Painter that the autunite is
always slightly earlier than the associated cupriferous autunite
or torbernite, the la tter occurring in the centre of vughs, whille
the autunite encrusts theilr margins.

Torbernite (Cu0.2U03.P205.12Hp0) and Meta-Torbernite (CuO.P20s.

8Hz 0)

Torbernite, or its dehydration product, meta-torbernite,
is the most prevalent of the uranium minerals in the Mt. Painter
prospects, belng present in a1l of them. Commonly i1t is the most
abundant, and sometimes the only, uranium mineral, but in the No.

2 workings on Radium Rldge, 1t is present only. as occasional flakes.
An analysis of a hand-picked sample from the No. 6 working made by
Te W. Dalwood, of the Socuth Australian Mines Department, 1is as
follows s~

S10s - 1.24%

Al203 0.38

Feo?l3 0.38

Cao 006

Uo3 58,02

Cuo : 8,09 .
P205 14.91

H20 17.04

) 5C0.12

This analysis corresponds to a formula Cu9.2U03:PpOg * 93Hp0, and
indlcates that the sample contained torbernite and meta-torbernlts
in the proportions of 3 to 5.

» The two forms of torbernite are generally found in close
associating in hand specimens. Nelther of them normally fluoresces,
so that where fluorescence is detected it indicates the presence of
calclum or some other uranium salts (Meixner, 1930) on the surface
of the torbernite, A distinction between the two varietles of

torbernite can only be made under the microscops. The torbernite
has refractive indices between 1.58 to 1.59, and 1is strongly
pleochroic from green to colourless. It has a good cleavage

parallel to the platy faces of the crystals, and cleavage flakes

_appear almost l1lsotropic, 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 1,63, and cleavage fragments are practically
isotropic. Jt 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 sat
righ-angies to the cleavage are a distinctive purple, a little
bluer in colour than the colour of a gypsum plate.

The® relationshlp of torbernite to me ta-torbernite has
been studied by Rinne (1901), Buchholz (1903) and Hallimond (1920).



Rinne showed that torbernite readily transforms to

meta-torbernite, losing 4 molecules of water, on heating in alr

to 60°C,~65°C, Buchholz showed that the change could be brought
" about at room temperatures by keeping torbernite In a dessicator -
with &oncentrated sulphuric acld as a dehydratling reagent, for
about 60 hours, Again the loss was equivalent to 4 molecules of
water. Hallimond demonstrsted that the torbernite could be con-
verted to meta-torbernite by heating to above 75°C. when immersed

in water. The c¢hange appears to be irreversible.

Mt. Palntsr torbernite, when s tood on a water-bath for
one hour, immersed I1n distilled water, was found to have altered
to meta~torbernite. When placed 1n a desiceator, over sulphurie
acid, the change was comple ted overnight (20 hours) at ordinary
room temperatures.

These facts suggest that (1) the torbernite was formed

at low temperatures, less than 66°9C., and (2) that in the hot arid
region where ltoceurs 1t may undergo dehydration to meta-torbernite
in swrface rocks. Some of the torbernite appears to be in an 1nter-
mediate stage of transition to meta- -torbernite, and shows

anomalously high refractive .indices. There 1s also the possibil-
i1ty that some of the meta-torbernlts was origlnally deposited as

such by solutions at temperstures above 65°-75%9;.

The torbernite and meta-torbernite commonly occur as
flakes along the joint planess and occasionally as small veins.
It also occurs in open spaces or vughs lined with goethite and
psilomelane. Where 1t occurs in cavitiss, ths torbernite plates
often grow: across the open space but do not completely fill it,
and smaller plates grow outwards from the main platy crystals,
forming a cellular structure (Fig. 6).

In new exposures in the No, 6 workiags, 1t was noticed
that pla tes of torbernite commonly occurred as a ﬁpaint" on the
surface of fragments of silicified gneilss (quartzite) embedded in
the hematite breccla. They also occurred along fractures in the
alliceocus rock, but rerely in the matrix of the breccla. Appar-
ently the surfaces of contact were a factor in influencing
deposition,

In the No. 3, No. 7 and Minerva Helghts working, the
me ta-torbernite occurs 1in vugha lined with epithermal quartz.
An isolated instance of such an =zssociation 1s s tated by R. G.
Thomas to have been found on the slopes of Mt. Ges, and specimens
from two prospects in the East Painter area, one on a bold outcrop
of eplthermal quartz about 1 mlile west of East Palnter Camp, and
the other about three-quarters of a mile mnorth of Bentley Green-
wood's prospect, show a similar assoclatlion. In the speclmens
from the former of these two prospects the quartz shows "nail-holes",

In some speclmens from the Bentley Greenwood prospect,
the torbernite occcurs in small ereas 2 to 3 mm. in width, dispersed
through the ironstone., The se small areas frequently show suhedral
outllnes, though consisting of aggregates of meta-torbernite, and
they may represent an earlier mineral, ©possibly pyrite, that has
been replaced. Cne section of ore from thils prospect contalns a
veln, sbout 2 mm. wide, of scondary quartz, intergrown in part
with meta-torbernite, radiasting prisms of goethite and a little
manganese oxide, Another section from this ore contains meta-
torbernite filling fractures through relatively fresh 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 worklings at East Painter. The pits
are dilspersed through massive hematite ironstone and are sometimes
.filled with limonlite, sometimes with torbernite and or lepidocrocits,
-and sometimes with a boxwork of secondary minersls pseudomorphous
after the torbernite., The original filling of the pilts would
appear to have been pyrite. Lt the No., 2 workings, East Peinter,



a'spédimen was ohtained in which the torbernite crystals oocurred
in the small vughs of a jasperoid quartz vein, about 3 mm. wide,
traversing such pitted lronstone. = - . :

: A thin section from the No, 2 workings on Radium Rldgs
(Mts Painter Camp area) also ghows meta-torbernite intergrown with
secondary quartz, indicating more or less contemporaneous deposit-

ion: . .
o; Uranbghane - Ca0. 2U05.28105-7H20

: Uranophane has been found at the Noe. 2 and No. 6
workings. At the No, 2 Viorkings, it is present oscasionally
as. .rosettes of yellow radiating prisms, s eldom more than 1 mm,
‘long, resting upon the crystalline faces of ,quarts projecting into
vughs. The prisms are mostly bright yellow, but are sometimes
brownish yellow, particularly at their tips. )

Under the microscope, the thin acicular crystals are
pleochroic from bright ygllow to colourless. Some prisms show

low anomalous colours. The orystals are blaxial and negatlwe,
and have an extinction angle of 40-5° in the prism axis, The
lowsst refractive Index is approximately 1.645, -These characters

identify the mineral as uranophane; .and when tested with HC1,
the mineral dissolves readily in the cold, forming a solution
which yields a strong positivs microchemicel test for calcium,
The mineral also fluoresces green, and appears to be slightly
radioactive.

‘In thin s ections of ore from the No, 2 wOrkings, a
number of rosettes and bundles of exceedingly thin, yellow,
pleochroic (?) nesdles up to 0.1 mm: long, have been observed.
embedded in quartz of evidently secondary origin. . .These nesdles
are presumed to be uranophane and; 1f so, indicats, its contempor-
anelty with the seconhdary quartz;

At the No. 6 Workings, the uranophane occurs as an
apparent alteration product of weathered torberhite; as fine needles
Impregnating the bleseched torbernite, and as rosettes and clusters
of minute needles coating adjacent joints and cleavage planses,.

This specimen”, 1s strongly radioactive, and the uranophane
fluoresces a vivid green.

d. Hydrous Uranium Silicate.

A specimen of quartz and hematite preserved in the Musegum
of the South Australien Mines Department from the No. 2 Workings
at Radium Ridge contalns 'a yellow mineral which, though labelled
(2) gummite, is a yellow uranium silicate. )

This mineral 1is yellow and non-flourescent, and forms
radiating fibrous masses in vughs that are lined with projecting
quartz crystals, When prised free, the mineral i1s distinctly
fibrous and can be teased like asbestos fibre.  Mounted in oils,
1t appears sulphur yellow and is weakly pleochroic yellow to pdle
yellow. Its polarization colours are low, being chiefly blues,
The r efractive index 1s 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 difficulty in acilds
and leaves an insuluble residue of silica. The solution gives
negative tests for lsad and coppsre Iron appears to be present.

A spectroscoplc examination at the Marlbyrnong Defence Laboratory
determined the me jor elements to be uranium and silica, with
strong traces of lead and barlum.

"The mineral somewhet resembles'uranophane, but cannot
at present be assligned to any known specles of uranlum silicate.
It differs from uranophané in 1ts relative 1nsolubility and in its



siightly different refractive index.
e. Gummite (chiefly uranium oxidé)

: Lt the No. 2 Workings, Radium Ridge, small areas of a
yellow ochreous mineral, which fluoresces green and 1s modserately
radioective, are found coating cavities. The mineral 1s crystalline,
cccurring as mlnute plates and prisms. Mounted in oils, the prisms
show pleochroism from lemon yellow to nearly colourless, and are bi-
refringent with low polarisation colours. Extinction on the occas-
ional prisms appears to be straight. Crystal plates are practically
isotroplc, but are tooamall to yleld an interference figure.  The
refractive index of the plates 1s greater than 1,740, and the bire-
frigence 1s very low.

. : The minerasl l1s readily soluble in cold nisric acid without
effervescence, and yields good positive microchemical tests for
uranium; lead and phosphorus, but gives no test for calcium; copper

or sulphate. It was thought at first thet the lead 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 lsad uranium
phosphaté) possibly dewindite (Mineragraphic Report No. 315):

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

4

1. 2. 3. 4,
U0z 7959 91.9 - 77 .95
Uo® - - 90.7 -
PbO ‘ 204 208 Statro 5028
P20O5 0.9 1.0 st.tre. n.de
HeO *+ 349 4,5 4,9 8,90
IDSOl. etG. M.l At 3«9 - 89‘73
109.2 100.2

99.5 100.86

* Uranium calculs ted as U02 to give a reasonable total.

‘14 Gummite, No. 2 Workings, Radium Rlidge, Mt. Painter,

2. Same, recalcula ted free of insolubls,.

3 Gummite or uranium ochre, No. 2 Workings, Radium Ridge.

4., Gummite, from Spruce Pine, MNorth Carolina, for comparison
: (Ross, Henderson and Posnjak, 1931).

This analysls 1ndicates that the analysed mineral 1s
probably related to the mineral gummite, which seems to have a some-
what varilable composition. The phosphorus percentage is sufficient
to suggest that the analysed speclmen . is a mixture, In the eabssence
of calcium and copper, it may be assumed that the impurity is not
autunlte or torbernite, The phosphorus is eithosr combined with
uranium as a uranyl phosphate like phosphuranylite (UOg)g.Pgos,ngj,
or with lead and uranium, as & lead uranium phosphate, like dewindite.

3PbJ.5U9%;.2P205.12H20. Dewindite from Chinkolobwe in the Belglan
Congo contalns 24,.85% Pbn and 10.14% P205, (Schoep, 1925), which is
approximately the proportions in which Pbo and P20s occur in the
minseral under discussion. There is thus some suggestlon that the
analysed mineral is a mixture of uranlium oxide and dewindite.

This view 1s strengthened by the fact that a second sample
of about 0.4 grams, analysed by Mr. Drews, showed only traFed of lead
and phosphorous, although both could be detected with microchemical
tosts. The eanalysis of this ‘sample is shown in Column 3 atove.

The abundance of urasnium oxide in the sample wes such that it was
necessary to calcula te it as U02 rather than U03 to obtain a total
approximating to 100%. ,
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If it be assumed that the phosphous. is combined orly ‘with
the uranium, then the merked differences in lead content of the two
sample s is 4difficult to explain, excpet by assuming that they were
formed at widly differing times.

A closely rel ted uranium oxide mineral containing lead
and phosphorus in detectable amounts occcurred in small amount at the
No. 6 Workings, and was referred to by W. S. Chapman as gummite.
Specimens from the Mines Department Museum, South Zgustralia, show
that it occurred as clots of a yellow ochieous character, without
definlte crystal form, and intimately associated with torbernite
and autunite. Some of the torbernite occurs in small rings within
the gummite.

This mineral differs from the gunmite of Radium Ridge in
that 1t falls to fluoresce, and is not readily soluble in nitric acid,
when it ylelds good positive tests for lead and phosphorus. Mounted
in oils 1t ressmbles ths gummite in that 1t shows faint. pleochroism
in yellows, and has a low birefringence, with a refractive index above
1.740. It lacks the tendency towards crystal form shown by the
Radium Ridge mineral. Unfortunatsly, it is too intimately associated
with torbernite to obtaln a sufficient quantity of the pure milneral
r'fr quantitative ehemical analysis.,. The lead may be a brealidown
product or an impurity.. It may be remarked that no trace of lead
could be ob tasined by microchemical tests on the adjacent torbernits
and autunite.

Fergusonite

Fergusonlte (so-called) has been found 1n spscimens from
the No. 2 Workings, where it occurs as scattersd blebs, averaging
about 5 to 6 rm. across; of a dark, moderately hard mlneral, with a
brilliant vitreous to submetallic lustre on fractured surfacos.
Internal reflections give it a suggestion of reddish-brown colour.
Its occurrence has also been repa ted at. the Exploration lode, north-
east of Mt. Painter (Mining Review, SiAi} Ho. 45; 1927).

The 1dentity of this mineral is ‘based on the following
chemicel ansalysls by Chapman, quoted by H,Y.L, Brown (1911l), column 1.
A second analysis has besn made by Kléeman (Mawson; 1944) column 2.

1 2

sioz - 6.26 =

- Alg03 ’ 2.99 ‘Cedb
Iron Oxide ' ' '
(cale. as FeO) 19,41 21.75
Mno V 0448 0.26
Mg0 ' 0'13 . ) Sl.kr.
Ca0 4,32 1.59
ThoOo tr. Sl.tr.
0520,3 1076 0429
Lag03 eto. - ' 0.12
2%03 ?gc. 7:08 3.75
Nb20s . '
Tag0s) - 48,08 51.11
PbO e . o 0.66
E205 - 4,57
228_ g S.44 3.22

98.15 ~ 98,76
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1. Fergusonite from Radium Ridge. Analysed by W.S.
Chapman., Sample selected as free as possible
from associated siliceous matter.

2, Fergusonite from Radium Ridge. Analysed by A.W.
Kleeman. Re-calculated free from Si0Og. -

. The silica.and alumina in Chapman's analysis indicate
the presence of impurities in the analysed material. The analysis
shows marked differences from fergusonite proper (as described in
Dana system of Mineralogy), 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 (an@ tanta¢aues) such as
yttrotantalite or samarskite, which conualn more ircn than is pres-
“ent in the Mt., Painter mvneral Kleeman's analysis shows con-
siderably less yttrium and much more uranium, but is otherwise sim-
ilar. The difficulties attending such an aqa¢J51s are great, and
until further chemical data are available, the miner=2l cannct be
determined accuratsly, Meanwh?le the pvactioe of referring to

it as fergusonite is centinued. ’

- The identity of the fergusonite cannct bes established
by its appearance in either thin section or polished section, and
depends primarily on its appearance in the hend specimen. _Neither
in thin or polished section deoes it appear homogeneovus., In thin
section it consists of cenitral isolated opague areae surrcunded by
reddish-brown translucent areas.’ In polished sections it takes a
good polish, and the central portions are greyish-whiitec in cclour,
while the translucent areas of the thin section are, ty ccapariscn,
darker grey. The darker grey areas sometimes fol¢cw cwaﬂP" or
surround inclusicns, and are so intimately assoclated with the
"islands" of lighter grey coler, that they are suggestive of an
alteration phase. Brownish-red internal reflecticns can be seen
which are much more intense in the marginal areas. It is clearly
anisotropic, and it is uvnattached by standard etching reagentis,
though it can be etched hy cold HF, or by a mixture cf Hf and H2S04.
The reflective power of the fergusonite is low, but is a littlse
higher than thai of magnetite Occasional inclusicns of hematite,
magnetite and quartz have coen observed in the fergusonite, It is
not strongly radioactive, and does not fluoresce. :

Z. ASSCCIATED MINERALS.

The pegmatitic granite or its modifications which con-
tain the uranium minerals ccnsists essentialiy of gueriz and micro--
cline, sometimes associsted with pale wmica. Othe~ sogmatitic min-
erals include monazite, tcocurmaline, fluerits, occasimonal spsatite and
rutile. Psilomelane is associated with the abundant hematite as
well as a little magnetite, pyrite and occasional traces cf chalco~
pyrite. Goethite is sometimes prominently ass ocnatcd with psilo-—
melane.

Within the ironstained material associated with the
hematite outcrops, micrccline frequently shows counsidorable re—
placement by iron oxide with a probable separaticn of quaritz. It
ie uncertain, however, how far this is due to simple weathering.

Mica is more prominent in the Smiler Greenwood and
Bentley Greenwood prospects at East Painter than in the other pros-—
pects nearer the main camp. This mica 1s pleochrcic frcm 2ia green
to colourless and is distinguished from torbernite by its bright
polarisation colours, A spectrescopic examination of a crushed sam-
ple, rich in mica, failed to reveal more than a trace of vanadium.

" Monazite generally occurs as occasicnal crvstals up to
1 mm, ‘long scattered sparsely through all the prospects &2:d in peg-—
matitic veins associated with them. It is, however, abundantly dev-
eloped in places at the No.2 workings where it occurs asscciated
with martite and fergusonite. = Here it is pinkish-brown in colour
from the. presence of iron oxide along fractures and cleesvage, and some
hand Spec1mens consist of perhaps 30% monazite, in assoolatlon with
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subordinate quartz, scattered fergusonite ‘and sbundant hematlte.
An amlysis of the monazite from this locallty has been made by R, Ge
Thomas, and is quoted by Mawson (1944)

Tocurmealine and apatite occur in some abundance in several
thin sections of the granitized grneiss of the diamond drill cores
obtained from the No. 6. workings. The tourmaline is pleochroilc
from greyish-brown to pink and tends to form intergrowths with the
quartz, having evidently been introduced during the process of gran-
ltization (pegmatitization). ‘Grains of apatite are sometimes 1 rm.
long. - B

Small grains of purpls fluorite have been observed in-
specimens from the East Painter prospects and also in ore from No. 3
and No. 7 workings. It is reported by Ge«i. Greenwood to be a
frequent associate of torbernite in the various prospects throughout
the district. -

Rutile has been identified somewhat dovbtfully from.
sections of the Bentley Greenwood prospect in minute yellowish-
green crvstals, but olervations on a polished surface appear to
confirm it.

In one specimen from the No. 3 workings, torbernite 1is
assoclated with a zeolitic mineral, which has low birefrigence and
a refractlive index betwsen 1.525 and 1.530. It dissolves in acid -
eand yields a strong positive test for calclum, suggesting that it
1s a lime zeolite such as thomsonite-

In many instances, the abundant hematite contains traces
of residual magnetite. Magnetite inclusions have appeared, however,
in more than traces 1ln one section from the No. 5 workings where
magnetite sometimes forms more than half the hematlte crystal,csven
though such crystals have the bladed form of hematite. Minute
crystals of pyrite and, less often, chalcopyrite, also occur as
inclusions in hematite. :

Pyrite also occurs in scattered crystals, up to 3 mm. in
width, throughout the hematite at the Noi 4 workings. It is some=
times coated with an orange-yellow encrustation consisting of lepido~
erocite, the dimorphous form of goethite.  In some specimens; ths
pyrite is completely leached and ths cavities are filled with lepi-
docroclte, somstimes associated with traces of- gypsum. Well-formed
pseudomorphs of limonite after pyrite are plentiful in specimens from
the Smiler Gresnwood 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 1t forms botryolidal ‘encrus-’
tatlons and seams cementing together fragments of breccia, 4
polished sectlon of the manganese oxlde at the No. 6 workings ahows
fragments of quartz, hematite and limonite comented by seams of
psilomelane, which shows a banded colloforms tructure parallel to
the margin of the rock fragments. The marginal laysrs of psilomelane
contain numerous thin, columnar, anlsotropic prisms of pyrolusite,
set at right-angles to the walls of the vein. Succeeding bands
are less dehydrated, containing only minute prisms of pyrolusite.

The central portion of one seam is occupied by a layer of green
torbernite.

Goethite or Needle-ironstone (FepOz.HpO)has been detected
in the Nos,. 2,6,7 Minerve Heights at Mt.Painter camp, and at the
Bentley Greenwood and No.5 prospects at East Painter. The best
speclmens come from the No. 7 workings, where goethite forms part of
the cement in a zone of brecciated greanite or pegmatite (Fig. 7).
It occurs as a layer, 2-3 mm. wlde, of fine columnar, dark-Brown
prisms on the surface of the brecciated fragments, and is sncrusted
with a laysr of about the same thickness of psilomelane. . The .
occurrence at Minerva Heights is simllar. At the outcrop of the No.
. , ) o

- T
B - <
-
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-5 prospeét;mEast Painter,.tofbernite occurs in cavities lined with
stalactitioc goethite, in & quartzlte breccia. - -

. Goethlite is easily distinguished from the psilomelane by
its brown colour... Under the microscops it is a transparent brown,
wsekly pleochrolc- from deep brown to yellow-brown, with straight
extinction., . It has a refractive index well above 1.740. When
erushed, it yd4lds an ochreous yellow powder, scluble in hot HCl.
The solution gives an overwhelmingly s trong test for iron, a weak
test for phosphate, and a nogative test for manganese., 4

goethite hes been observed 1in thin sections from the No. -
6 workings as small dusters of radiating brownish-~yellow prisms which
project from areas of hematlte and manganese oxide. : A similar
cccurrence was observed in thin sectlons from the Nci 2 workings;
where the goethite prisms fringe ‘areas of hematite Iintergrown with
quartz..  .In Bentley Greenwood's prospect, the goethlite hss been
detected in a veln of secondary quabtz through granltic rock,.and
numerous small prisms of goethite project from the walls of the veiln
into the guartz, which is assocliated with meta-torbernits and
manganesc oxide. In the No. 5 workings at East Painter, the goethite
forms small stalactites projecting into vughs,

Lepldocrocite (Rubinglimmer) (Fen0z+.H20); a dimorphous
form of goethite, occurs as an alteration product of pyrite at the
No..4 workings. . It occcurs as an orangée-yellow powder with adaman-
tine lustre, conslistinhg of minute crystalline plates which are trans-
parent, have a refractive Index we¢ll above 1l.74, and are doubly
refracting. Its colour snd appsarance simulate that of the
uranium ochreous mlnerals,. and it has been distlnguished by its form-
and by a partial chemical analysis on 0.02 gm., which gave 85.l1% Fe -
203,. Slmilar lepidocrocite occurs at the. No. 1 and No, 2 prospects
at East Painter, where it 1s sometimes costed with torbernlite.

4 . WELTHERING OF TORBERNITE.

, Torbernite is frequently resistant to weathering and may
occur in the soll as "floaters" in the neighbourhood of outcrops.
Nevertheless, specimens of torbernite .obtained within a few feet of
the surface from a wall of the open cut at the No: 6 workings, show
that under the condi tions of Wweathesring prevalling dt that locallty, .-
copper and uranium are being leached out of the torbsernite, leaving
8 residue of cslcium phosphate (9 collophane)s.. The wanium is being’
redeposited in the immedlate vlicinlty of the torbesrnite crystals as
the calcium uranium silicate .uranophane. 'The copper is partly re-
precipitated as copper oxlde 1in limonlte associated with the uranophane
and is partly removed in solution from the Immediate vicinity.

The torbernite occurs as rectangular platy crystals, which
occasionally have dimensions as large as 5.0 x 10.0 mm. - The leach~
"ing out of the copper and uranium proceeds from the margin inwards,
giving rise to a white marginal zons of calcium phosphate enclosing
"an irregular core of partly altersd or unaltered torbernite (Fig. 8).

The leached white margins of the plates are commornly
impregnated with microscopic needles of uranophane, dlstingulsheable
under the microscope at high powsers by their form and optical proper-
ties. Occasional fragmornts of the white rims were obtained, however,
which appeared to be glmost free from Impurities, . The material so
obtained was colourless and isotropic, with a refractive indsex of
1.575% 0.002.. . It is slowly soluble in nitric and hydrochloric acilds,.
and yields strong positive tests for calcium and phosphorus, and
weaker tests for copper and iron. These tests, in comjunction
with the optical properties; suggest that the material is the calcium
phosphate, collphane.. . Thls 1ldentificetion must be accepted with
rosgrve, since the calcium may have been derived from needles of
uranophane Included in the materlal tested, while the phosphorus
might concelvably come from included or completely altersd torbernite.



- 13 -

‘ Surrounding the torbernite crystals are areas up to sevemnl
centrimetres across, which are coated with films of brown, cupriferous
limonite and minute rosettes of acicular nesdles of uranophanes: The
uranophane 1s.readily identified by its nesdle-like form, its sulphur-
yellow colour, strong plsochroism and anlsotropism, and refractive
index. It gives a strong positive test for calcium, and fluoresces
a yellowish—green under ultra-voilet light. Much of the uranophane
has developed on the surface of the cupriferous limonite. This
limonite, when partly dissolved in acids; ylelds moderately s trong
tests for copper and iron. In places, the fragments tested showed
colloform banding.

It seems likely that the altertion of the torbernite was
caused by surface solutions containing calcium sulphate and silica,
The copper and urenium of the torbernite appear to have been replaced
by calcium and moved away in the form of copper and uranium suphates.
The phospheate :of the torbernite romalned 1n place. The uranlum was
reprecipitated in conjunctlon with calecium and sllica as uranophane
almost immediately, and some of the copper was thrown down as oxide
Iintermixed with iron oxids. Part of the copper may, however, have
escaped in solution, probably as copper sulphate. The absence of
copper carbonates or other carbonate minerals Indicates that the
waters causing the leaching were free from carbonate, and there are
no adjacent rocks which could be rogarded as a llkely source of
chlorine. Sulphates might be expected, however, in view of the
liklihood of the previous existence of abundant gypsum assoclated .
with thoe gpithermal quartz deposit centred about Mt. Gee, and from
the presence of occasional pyrite crystals in the uranium aes.

The unusual nature of this alteration may be due partly to the
presence of lime in the torbernite and partly due to its situation.
Water slowly percolating down the wall or jolnt plane would sub ject
this torbernite to a niocre sustained attack than torbsrnite exposed
at the surface or .in the 011 of this arid reglon.

At Smiler Greenwood's prospeot in Eagt Painter, the
torbernite is - largely replaced by a brownish mineral that eéncrusts
the torbsrnite and the surrounding rock, possibly f1lling spasces from
which torbernite has been leached. The torbernite is chilsfly meta~
torbernite, its pscullar blue polarisation colours indicatling only
partial dehydration. The mineral rsplacing 1t gives strong poaltive
tests for phosphorus and iron, but no copper or uranium, and only a
little calcium. '

5. BOXWORK STRUCTURES.

At a number of the outecrops, particularly in the East
Painter section of the field, the occurrencse of torbernlte 1s assoc-
iated with distinctive boxwork structures (Flg. 9). The torbernite
in these prospects cormmonly occurs as a fllling in small cavitles,
presumably voilds formed by the scolution of pyrite crystals. The
torbernite frsquently occurs in the form of a boxwork, and 1n many
instances, where the torbernite has been leached away, a boxwork
structure remains which appears to be diagnostic of the former
prescrice of torbernite, -

These boxworks are formed of a variety of mlneral substan-
ces, including calcium phosphate, iron phasphate, gypsum, with or
without siliceous matsrial, and scmetimes limonlitic material. It is
not certain whether these substances represent & weathering product of
the original torbernite, or were deposited as coatings on plates of
torbernite  arrunsod in a boxnworlk, and subsequently, leached out,
leaving the more 1nsoluble coating substance to form a psoudomorphic
boxwork structure after the original torbernite, Thus, in the box-
works figured (Flg. 9), some flakes of torbernite remsin, sandwiched
between the plates that form the boxwork, suggesting the second mode
of origin. Where the boxwork consists of a phosphate mineral, there
i1s a suggestion that the phosphate is residual from ariginal torbernite,
the copper and uranium of which have departed in the solutlions that
brought in the iron or lime of thes phosphate mineral,



In the boxwork figured, the cavities between the boxwork
plates have been filled with lepldocrocite, and in a number of other
specimens, chiefly from the No. 2 workings at East Painter, the
cavitles containing torbernite are also encrusted with "pustular"
lepldocrocites © In some instdnces, the torbernite plates wrap round
- & small body of limonite or lepidocrocite. Other cavities are
coated with a film 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 after
small ldiomorphic crystals of pyrite, and where these pseudomorphs
have fallen out of the surface the resulting cavities closely
resemble those in whlch the torbernite occurs.

Crystals of pyrite, about 1 to 2 mm. across, only partly
replaced by ledidocrocite, were found in ‘another specimen. Numero-
us cavities were also present from which the prite had been complet-
ely leached, leaving only a encrustaticn of lepidocrocite. A few
of these eavitles contained a little boxwdrk suggestive of the
former presence of torbernite, while in two other spscimens of
messive 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 with torber-
nite.

It is apparent from these speclimens that they previously
contained rather more torbernité than is now visible, and the
presence of boxworks without torbernite can be regarded as evidence
of previous presence of torbernite, Cavitles with only an encrus-
tation of lepldocrocite (limonite) occurring as minute globules or
pustules indicate only the former presente of pyrite.

6. ORIGIN OF THE URANIUM MINERALS.

" With only one exception (possibly two), the uranium-
bearing milnerals so far discovered at Mt., Painter are undoubtedly
secondary minerals, The 'evidencs for this 1is partly their mode
of occurrsnce, and pa rtly theilr character,

The torbernite occurs at almost every prospect as thin
plates along jolnt planes., 1t occurs in vughs and open -8paces
that are coated with encrustations, sometimes stalactitic, of
goethite and psilomelane (Pigs. 6, 7)a It 1s sometimes inter< _
grown with psilomelane, and is occasionally found in vughs encrust-
" Ing projescting orystals of quartz, Elsewhere I% 1s found as a

"paint" of thin flakes lining fractures and jcints. :

Autunite, which is more restricted in 1its dlstribution -
than torbernite, occurs at the No. 6 workings in velns assoclated
with psilomelanes it also occurs in small amounts in vughs at the
- No., 2 workings, Radium Ridge.

Uranophane 1s found encrusting joint planes as an alter-
@tlion product of torbernite; and possibly autunite, at the No, 6
workings, and at the No. 2 workings, Radium Ridge, 1t rests on
projecting quartz crystals in wvughs. .

The gummite at the No. 2 workings also cccurs as encruste-
ation in cavities, and that at the No. 6 workings is intimately
assoclated with torbernite.

T

It 1s evident, moreover that these uranium minerals must
have been deposited at low temperature from -~ watery solutions.
Not only, are they all hydratsd minerals, but torbernite 1s a low
temperature mineral that inverts a meta-torbernite at 60° to 65C0, -,
The dehydration is readily brought about at room temperature
-(80°¢. ) in a dessicator over sulphuric acid, and i1t takes placse
under water at 7590 In view of the ease with which thé change
¢éan be brought about, it 1s thought that the freguent occurrence
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of meta~torbernite; in exposed or surrace specimens frOm Mt.
Painter, 14 due to dehydration in _the dry hot climate that pre-
vails there 1in the summer. _ .

- The fact that much of the torbernite remains unchanged
particularly in specimens from the Noi 6 underground workings,
indicates that the minerals were deposited from cold or only
warm water solutionsi . The fact that the. torbernitée arystals
only partly fill some. cavities, whie extending right across them,
is further proof of the watery character of the solutlons from
which it was deposited; as is the stalactitic character on some
of .the assoclated goethite. .

All these facts establish that the uranlum minerals are
secondary minerals, deposited from supergéne: solutions, Qertalin
features of the deposits suggest, however, that they are not
altogether the simple ‘oxidation products of primary uranium miner-
als & .

. The occurrence of the torbernite in vughs in eplthermal
quzrg pmoves that some, if not.all, of 1t was.deposited after or
during the deposition of the epithermal quartz which 1s so abundant
in the district] At the BRentley Greenwood prospect, and at the
No. 2 prospect at East Palnter, specimens were obtained which were
traversed by veinlets of secondary quartz econtaining goethite, and
meta-torbernite:  Another specimen from the Bentley Greenwood
prospec®# in thin section showed meta-torbernite filling fractures
though relatively,fresh microcline. These occurrences suggest

. that -the torbernite and the eplthermal quartz were deposited from
the same' solutlonsgs . The ococurrsnce of minute rosettes of presumed
uranophane embedded in quartz at the No. 2 workings, Radium Ridge,
suggests a similar relation for this mineral.

4 second feature opposed to the interpretatlon of thé'
torbernite as a .simple produé¢t of- oxidation is the fact that torber-
nite, though a relatively Iinsoluble mineral, does not resist attack
by supergene waters, and in one instance at least such attack has
led to the separation of the three chief constituents of the. torbers=
nite, namely, uranium, copper and phosphorus.. The occurrence of
torbernite weathering in this way at the No, 6 workings may be
exceptlonal, but 1t suggests that surface .solutions could not be
expeoted to bring about a concentration of these elements, such as
was necgessary to form an ore shoot, unless they were previously
of a different compcsition from Qhose now in existence.

: Thirdly, it is a feature of the specimens of the rich
No. 6 ore, preserved in the various museum collections examined,
that the autunite was always .deposited before the torbernlite. Ir
the deposltion was from surface waters only, it might be expected
-that some variatlion 1n the proportions of lime and copper associlat-
ed with the phosphorus and uranium would occur from time to time,
leading to occasional reversals of this state of affairs, but,
so far as can be ascertained, this did not occur.

Fourthly, the impression is gained that the uranium
prospects bear a spatial relationship to the wide area of epither-
mal quartz centring about Mt. Gee, and have a pronounced tendency
to occur in favourable structures at points around the margin of
this aresa.

These varlous features suggest as an alternatlve explan-
ation of the origin of these secondary uranium deposits that the
uranlum was leaoched from primary uranium minerals associated with
the pegmatltic granite by the epithermal solutions that gave rise
to the wide- spread "nailhole" quartsz, and that as these solutions
migrated outwards from their point of origin, depositing thslir
gillica content, they transported the uranium to favourable struct-
ures about the margin of the area of gquartz deposition.
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7 PRIMARY MINERALS.

The only uranium~bearing mineral yet discovered on -
the field that is clearly a primary mineral is the so-called
. Tergusonite at the No.2 workings, Radium Ridge. . Tantalum

minerals of this general character are primary products of
pegmatites, and so is the abundant monazlite with which the.
fergusonite is associated. Whether the hematite with them
ig also primary is uncertain. Some of it probably is, be-
cause gome of it contains minute inclusions of magnetite,
and has a crystal form suggestive of original magnetite
grains. It is thus a normal alteration of magnetite, or it
may have been coriverted to hematite by the action of the
eplthermal solutions that gave rise to the vughy quartz, so
closely assocliated with it at the No.2 workings. Some of
the hematite was recrystallized when the guartz was intro-
duced because fine crystals of hematite form encrustations
in the centre of some of the small vughs in the guartz.

It seems unlikely; however, that the fergusonite
is the only or the chief primary uranium mineral, because
it appears so stable, and so little altered in the presence
of the secondary uranium silicates and phosphates. More-
over, there are oxidised patches in the No.2 ore which are
strongly radioactive, and which consist of limonise and
ochreous minerals, including gummite, which evidently repre-
sent the breakdown producte of a pre-existing mineral,
Further, Mawson (1944) records the presence of small grains
of a strongly radioactive black mineral dispersed through
the pegmatitic granite, and Broughton (1925) records the -
occurrence at one locality of radiocactive ilmenite contain-
ing up to 3. 7% UzOg, though this could not be confirmed dur-
ing the present survey.

Another reason for thinking that there are, or
were, as yet undiscovered primary uranium minerals such as.
uraninite 1s the varying proportion of lead in the seoondary
-uranium minerals. . If this lead is simply the breakdown
product of the uranium in these secondary minerals, formed
since their formation, then the lead-uranium ratlo should
be constant for all the minerals if they were formed con-
temporaneously. fctually the 1ead—uran1um ratios vary
within wide limits,

- The one primary mineral, the fergusonlte from
Kleeman's analysis (quoted on p.14) contains 8. ﬁém UgOgand
0.66% PhO. A further partial analysis by Kleeman (pers.
comm.) on another carefully purified sample, gave 10. 6%
U308 and 0.72% PbO. Assuming that the lead is all de-
rived from the radicactive disintegration of the uranium,
thlis suggests 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
contentrations as small as 0.0027 gm. Pb per 100 c.c., l.e.,
about 3 micrograms of Pb in a drop of 0.1 c.c. volume.,
When, however, samples cf 0.25 gm. of torbernite and aut-
unite from the No.6 Workings were dissolved in 1 c.c. of
conc. HNO3, evaporate to dryness and taken up in 1 c.c.
water, they yielded a faint positive test for lead ilodide,
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 esutunite is of the order of 0.01%. So low a
lead ¢ontent 1ndioates that these minerals are of late
Cainozolc aga.
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, Quantitative determinations of the lead content
of two selected specimens of torbernite, ons .with-assbelnted
autunite from the No.6 Workings at Mt. Painter, the other
from East Painter, were made by T.W., Dalwood, with the foll-
owing results:-

Mt. Painter specimen - Uranium 44,75%, lead not
detected (less than O. 00017)

East Painter specimen - Uranium 46.76%, lead 0.045%.

These results indicate not only that the torbernite is geo-~
logically young, but also that the torbernite in different
deposits and evén within a particular deposit has been
formed at different times.,

in analysed sample of "gummite" from the Na.2 Work-
ings at Radium Ridge, carrying 92% UO3, contained 2.6% Pb,
whereas another analysed specimen from the same locality,
which contained 90% UOg, yielded only a trace of Pb, though
sufficient to detect in the course of an ordinary mlcro—
chemicel test on a few grains of the substance. Gummite
froir the No.6 Workings gives an equally strong test for lead
when a few minute grains are dissolved, whereas & comparable
test with torbernite intimately assoclated w1th it gives a
negative result.,

The high lead content of the one analysed specimen
of gumaitc from the No.2 Workings may be caused by inter-
mixed lead. uranium phosphate, dewindite. Even so, dewindite
itself is a secondary mineral, which could not have been de-
rived from the apparently lead-free autunite and torbernite,
and must therefore have been derived either from & primary
uraniuam mineral, or the lead must have come from some other
lead mineral, such ~s galena, of which no trace has been
founad. ‘

S, CONCLUSIQN,

The conclusion arrived at is, therefore, that dur-
ing the early Palaeozoic or the Pre-Cambrian one or more
primary uranium minerals, such as uraninite, was introduced
into the area, along with fereusonite and monazite, at the
time of the intrusion of the pegmatitic granite, partly as
a dissemination through the pegmatitic granite, and partly
perhaps in loeal concentrations.

Subsequently, these primary minerals were sub-
Jected to weathering, and reconcentration as secondary min-
erals, chiefly phosphﬂtes, either by surface waters or
possibly in conjunction with the introduction of the sil-
iceous calcium sulphete waters that gave rise to the low-
temperature, epithermal gypsum-quartz deposits centecing
sn Mt. Gee, The phosphorus was probably obtained from the
same general source in view of the presence of primary
phosphate minerals, monazite and apatite, in the pegmat-
-itie pranite, and in the granitized schlsts° Some barium,
fluorine and -manganese were presumably present in the waters,
and were daposited . locally as barite and fluorite, generally
agsociated with the epithermal quartz, the fluorlte of'ten
in .small amounts with the phosphates. The copper may have
been derived from the chalcopyrite associated with the. pre-
existing magnetite, and where locally the uranium failled,
“the copper wasvd@posited ee turquolise.
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The sillceous solutions may represent thé final
residuum of the pegmatitic riagma or they may be mde h young-
er solutions, developing after a long period of ergsion
had lowersd the gurface of the land to about the level of
the tops of the present ridges. .In the first case, the
asgociation of the epithermal quartz with the secondary
urenium minerals is fortuitous, and the minerals are of
51mp1e supergene origin. Iir, however the secondary uran-
ium minerals were re—prec1pitated from the siliceous sol-
utions, the solutions must be ycung on account of the low
lead content of the rbernite and autunite. This is in
keeping with the epithermal character of the quartz which
otherwise could.scarcely have escaped erosion in the long
perlod since the early Palaeozoic or the Pre-Cambrian.‘

The variable lead-uranium rﬁtlo shown by dlffer-
ent specimens of torbernite indicates that the torbernite in
different deposits, and even within a single deposit, has
been formed at different times, so that-at most, only a
part of the torbernite could have been deposited from the
epithermal solutions; The remainder of the torbernite
(and. perhaps all of it) must be attributed to the work of
supergene solutions.

The localised concentration of the secondary
uranium minerals sugrests that they were not moved far from
their primary source; otherwise & wider dissemination
through the area of eplthermal gquartz would be expected.

The possibility cannot be overlooked that the present ore-

bodies are below the basz of the original primary ore.

It is perhaps significant that the only rich ore-=body eo
far ‘discovered consisted dominantly of autunite, whereas
8ll other prospects are characterised by the more widely

disseminated torbernite.
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Fig.1l. Cluster of "nail-hole" quartz growths show1ng
diamond-shaped cross sections of '"nall=holes'", Radium
Ridge. X 2/3. .

Pig.2. "Nail-hole" quartz, showing radial growth about
central prismatic cavity, with "arrowhead" re-entrant term-
ination suggestive of pypsum prisms. Radium Ridge.
Natural size.

Fipg. 3. Typical "nail-hole" guartz cluster showing diamond-
shaped cross sections of "nail-holes". Radium Ridge: X $.

Fig.4. Side view of above specimen. X %

Fig.SAc ‘Seam of autunite showing'autunite crystals pro-
- Jeeting into a vugh. = Sample from original shoot, No.6
Workings. Natural size,

Fig.5B. Top surface of above. X 2/83.

Fig.6. Platy crystals of torbernite projecting in a vugh
lined with psilomelane. A "paint" of torbernite crystals
oecur on a joint surface in the upper half of the photo-
graph. No.6 worklngs. X 1.

Fig.7. Goethite which ogccurs 1nt1mately assocliated thh
torbernite, . No.7 Workings. X 8. e

Fig;ﬂ. Weathered torbernite showing white rim of calcium
phosphate surrounding a core of little altered torbernite.
From an eXposed wall in the No.6 surface workings. : o

FPig.9. " Boxwork structure after torbernite. The torbernite
occurred as plates across a void, These plates are re-
placed by a non-phosphate mineral, while lepidocrocite and
limonite have been deposited in the interstices. X 10.
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Fig. 1 Cluster of "nall-hole" quartz growths, showing
diamond-shaped cross s ections of "nall-holes".
Radium Ridge. X 2/3

Filge 2. "Nail-hole"queaertz, showing radial growth about

=i central prismatic cavity, with "arrowhead"
re-entrant termination suggestiwme of gypsum
prisms., Radium Ridge. ' Natural size.



Fig. 7. Typlcal Mnail-hole" quartz cluster showing
diamond-shared cross sections of "nallholes",
Radium Ridge. X%

Fig. 4. 3ide view of above specimen. X 2



Fig. 64 Seam of autunite, showing erystals of autunite
projesting into a wvugh. Sample from original
shoot, No., 6 workings. Natural size.

Fig. 5B. Top surface of above. X 8/3
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Fig. 6 Platy crystals of terbernite projecting into a
vugh lined with psilomelane (opening).
A "paint" of torbernite crystals occurs on a
joint surface in the upper half of the photo.X 1.
Specimen from No. 6 workings.

Flg. 7. Goethite which occurs 1hntimately assoclated
with torbernite. No. 7 workings. X 8.



Flg. 8. Weathered torbernite showing white rim of
calcium phosphate surrounding a core of
little altered torbernite; Noas 6 workings
at surface, X 8s

Fig. 9. Boxwork s tructure after torbernite. The torbernite
ooccurred as plates across a void, These plates
are now replaced by an iron phosphate minersal,
while lep locreocite and limonite have been
deposited In the Interstices. X 10.
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1. PLANS.
The following plans accompany this report:-.

Mount Peinter Aresa Lahdform-Analysis.A Plan 3210, Sheet No«l3.

River Capture by Yudnsmutana Creek, Plan 3287, Sheet No.llj.
Mt. Painter Area Geological Reconnaisg-
_ ance Maps. Plan 3288, Sheet No.l4j5a.

Plan 3289, Sheet NOOLI-SbD
Plan 3290, Sheet No.l45c.
) - Plan 3291, Sheet NOQLI-_sdo
N-S Section Across L5a and c. Plan 3292, Sheet No.l[ba,
N.E. Flinders Ranges; sketch Geolog- :
ical Reconnaissance Map and N~
Section, " Plan 329k, Sheet No,LT.

2 INTRODUCTION,.

Prior to 1941, the Mount Painter locality had not
been examined systematically. The terrain is extremely
rugged and until recently was only traversed on foot 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 fragmentary. The several geologists who had
visited the region had collected as much information con-
cerning the rock series, mineral occurrences and geclogic-
al structure as time and the limited transport facilities
would allow.

- The 194445 search for uranium minerals made it

necessary to undertake a more detailed methodical geolog~
ical survey over an area of approximately 14O square miles,

3. _THE ORGANIZATION AND SCOPE OF THE WORK.

- ' Field work was carried out between October 19 and
December 18, 19Ll.,

Prom aerial photographs teken by the ReAcAeFa,
Port Pirie a provisional photomap in 4 sheets was compiled
by the Army Survey Directorate, Melbourne, on a scale of
approximately 1,200 feet to one inch as a basis for mapping
and location of roads. It was prepared without reference
to ground survey stations by the Australian Army Survey
Directorate. The photomap and prints of the photographs
were used for guildance in the field and for the recordlng
of geological dateas :
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. TWo parties, under the direction of C.J. Sullivan
and R.C. Sprigg respectively, were formed and-worked indep-
endently in the field, Suilivan, assisted by D.E. Gardnen,
undertook the geological mapping of the eastern half of the
are?iand Sprigg, assisted by H.J. Ward, mapped the western
portion. : _ . '

In addition to the reconnaissance work Sullivan
and Gardner carried out detailed mapping using enlarged
aerial photographs (approximate .scale = 600 feet to an inch)
of an area of 3z squairé miles in the vieiluity of Greenwood's
Camp where a number of large ironstone outcrops were sit-
uated. :

: , " .The objeciives of the reconnaissance work were
threefold: :

4. To delineate the area containing known uraniferous
deposits and those likely to contain other depocits.

2. To map any large scale geological features which
milght form loci for possible uranium deposits and to
make reasonably certain that, in so far as. reconn-
alssance work permitted, no large uranium derosits
were overlooked.

3. To note the general geological features of the ares.

Thc results of the reconnaissance survey are pre-
sented as four geological plans (with section) on a scale
of 2C chains to one inch (Plans 3288, 3289, 3290, 3291,
3292, Sheets L45a, U45b, Lb5c, L54, 4be). The plans were pre-—
pared Wy Mr. A, C. Booth of the ¢'uc=lii Tupt. of Iniferior
whose report on the compilation methods used appears else—
where in this bulletin. Geclogicel infoxmation and inter—
pretations were marked on aserial photographs and copied
together with the topographic detaill by Mr. Booith on to the
final plans. Considerably more debaill was ccllected than
is reproduced on the plans. =~ A number of geclogical bound-
aries were difficult to delineate on account of the con-
plexity of mineral asscciations and variety of rock types,
but these difficulties are described fully in the sexts -

To relate the more complex geolcogical features
of the Mount Painter region with those of the surrounding
areas lying chiefly to the south and west, a geological
reconnaissance sketch plan (Pian 3294) was prepared from
geologicel traverses at widespread Intervals. Additioneal
information was obtained from aerial phctographs teken
at 20,000 feet altitude by the Royal Ausiralian Alr Force
Trimetrograph Survey Corpss

li. __ CLIMATE, RAINFALL, VEGETATION AND FAUNA.

The climate is semi-arid with a wide ennual
range in temperature and a low rainfall less than 10 inches.
Pastoralists generally rély on winter raing for good stock-
ralsing results but summer monsoonal disturbances are not
uncommon.. Such a disturbance occurred in February, 1944,
when 16~18 inches were recorded at Mt. Pitten ir 24 hours
and it caused great damage to fences and to stock.

Locel landholders rely on bores for stock water,
Adequate supplies of groundwater have been developed
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chiefly in the Pre-Cambrian sedimentary 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 sparce. On the plains to the
east of Mount Painter the principal vegetation for stock
congists of Mitchell grass (Astrebla sp), stipa, salt:bush
(Atriplex Vesicarium) and blue bush (Kochia Sedifolia)e
The major watercourses dre lined with large red gum trees
(Bucalyptus canaldulensis). Away from the watercourses,
timber is sparse and generally unsuitable for mining pur-
poses, The eucalyrts have stunted mallee habit and the
pines (Callitris sp.) irregularly distributed over most of
the hilly region also have a stunted appearance. Certain
vegetation is limited to distinctive rock horizons, for
example, Bucalypius gillei which is found chiefly on soils
overlying calcareous beds, and is thus a useful guide in
mapning. Quondong (Eucaria acuminata) trees occur along
some of the principal creeks of the area and provide food .
for birds and marsupials. ‘

The Euroc (macropus robustus) is plentiful in the
renges, but wallabies are scarce, On the plains the large
red and blue kangaroos are abundant. Rabbits Were very
scarce during the survey period, but have been known to
reach plague dimensions in the pasta

Until recently wild ceamels end dcnkeys (both
introduced) were plentiful in the ranges. The last wild
camel was capiured during the survey and brought into ser-
vice at Mount Painter. Bird-life is generally restricted
on account of the absence of permancut waters.

5o PIYSTOGRAPITY.

The Mount Painter area cccurs in the Flinders
Ranges which have a general north-scuth trend and eare
bounded on the east by the Lake Frome, and on the west by
the Lake Torrens-Lake Eyre depressions. The terrain is
deeply dissected and portion of the eastern esgcarpment of
the range is included in the mapped areca. Immense out-
wash plains extend eastwards from this escarpment to Lake
Frome which is & remnant of a former but much more exten-
sive lake. The lake is now little more than an extensive
salt pan with its bed only 160 feet above sea level and
several stranded terraces indicate its former margin much
nearer to the Ranges. In and adjecent to the Ranges
drcoinage lines are well ‘defined,

Through rugged gorges the great "gum creeks"
meander out onto the plains where they pass out into
systems of distributaries near the edge of the Lake Frome.
The widths of many of these creeks resnge up to half a
mile and after heavy 'ains they freguently are unable to
.cope with the huge volumes of water accumulated in them
from the rapid run-off. from the ranges. There are no
perennial streems in the region, even the large waterholes
along the main watercourses d4dry up after long dry spells.
The terrain in the immediate vicinity of Mount Peinter is
deeply dissected and, being situated near the "divide"
between the Lake Frome and Leke Eyre drainage basinsg,
marks an advanced stage in the "~ rzapil erosion of the
eleveated peneplain which initially formed the greater pro-
portion of the Ranges.

e . e ‘mﬁi“gt -
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The Freeling Heights north of Mt. Painter and in-
cluding the highest eminence (3,120 feet) in the northern
Flinders Ranges, are noteble for a flaf summit plateau which .
is probably a remnant of this former very extensive erosion
surface or peneplain (Mavwson 1923).
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‘It-gtands at dbout 3,000 feet above sea level and conforms
generally with the. summit levels of the Yudnamutana Range,
Mount Pitts (2,804 ft.), Mount Painter (2,850 ft.) and
Yudnamitana Hill. Purther south, beyond the area mapped,
portion of.the Flinders Ranges known as the Gammon Ranges
and -other resistant masses of quartzite-suggest that this
former platesu level continued some distance south of the
Mount -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
strecams are relatively steep and stream erosion is powerful.
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 hecadwaters
of the Yudnamutana Creek are clearly encroeaching on the more
mature watercourses draining towards Lake Eyre and the west-
erly migration of the divide is commencing (see Plan 3287,
Sheet No.l4l).

- 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 miich fletter than those draining towards Lake
Frome even ngsr their sources. In a few places there are
rocky barsg, such as near the source of the Yerelina Creek
adjacent to the Yudnamutena mine, but these are exceptional.
The general terrain west of the Mount Painter area 11kew1se
presents a much more subdued form.

In addltlon to broad topographic features already
described there are several minor features which have an
important bearing on understanding of the geological hlstory
of the region and possibly the age of the uranium deposits.
The massive thick quartzite which is co-extensive with the
Yudnamutana and Mt. Pitts Ranges is U-shaped with convexity

directed wostwards. (See Plan 3294, Sheet No.47). These
ranges enclose an "amphitheatre-like® basin which is in the
process of dissection, but in which the tops of the present
hills have a strikingly even surface. These even hill tops
situated hundreds of feet below the general slevation of
these ranges suggest a second period of peneplanation dur-
ing the development of the present topographic features,

It is interesting to note that the enclosing ranges are com-
posed of quartzite and the "amphitheatre" area is chiefly
red granite, BEast of the Freeling Heights & somewhat
analagous subsidiary plateau occurs some hundreds of feet
below the level of the Freeling Heights erosion surface
which is in quartzites. This lower erosion surface,
chiefly on granitic rocks, is separated from the latter by

a pronounced escarpment. '

South of the Mount Painter area there is evidence
of another and stilill lower erosion surface but its descrip-
tion is not included in this report. In view of a poss—
ible bearing of the topographic history on the origin of
the uranium deposits an analysis has been mede of the sur-
vey plans by following the procedure described by W.IH.

Maze (1944) which has been used with some success to accen-
tuate ancient erosion surfaces. .

A.  LANDFORM 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 form-lines at contour intervals of about 250 ft.
Theése form lines were used in the application of methods of
landform analysis outlined and modified by Maze (194L).

' The method adopted 1nvolved the drawing of ‘a -grid
(uo chain sides) on the four base-maps. The highest form
line value on these base maps for each square in turn was
then recorded on a special planh and contours interpolated at
250 feet intervals (see Plan 3240, Sheet L43). Using this
plan, the Strip ”high point® profiles, the altimetric fre-
quency curve and the "summation! proflle were constructed,
the latter being an additional method introduced by the
author (1945)

The strip "high point! profiles are summary pro-
files, N-S aad E.W, covering 3 grid squares (one and a half
miless in width. The altimétric frequéncy curve represents
& direct count of the respective altitudes recorded in the
grid squares. The "summation" curve records the frequency
of eccurrénces of the respectlve 1t1tude intervals progress-—
ively summed and plotted against the altitude 1n feet.

It is to be noted that nesrly all areas gbove 2,750 feet sre
underlein by quortzites (see geologicel meps Plans 3288 -
3291) except nenr the headwaters of the Yudnamutana Creek
which has broken through the quartzite renges end is octlvely
erodlng the relatively soft sediments to the west. It is
thus actively capturing westerly-trending watercourses and
has created = new locol base level.

The strip "high point" profiles indicate 2 major
erosion surfaces. The first is above the 2,750 feet level;
it represernts the "peneplain' or "bose" surface of the
Preeling Heights and includes the summit levels of Yudnamut-—
ana Ronge and Mts. Pitgs and MacDoneld. A second erosion
surface lies &t about 2,000 feet,

Analysis by means of the altimetric frequency curve
hes indicated a considereble development of the 2,000 feet
erosion surfece. The summation profide demonstrates the
considerable vertical spread of this srosion surfece.. Such
spread mey be due in psrt to later dissection.

6. TNE GEOLOGY.

A, Previoue ;nvestigatioos_

The Mount Pelnter field embraces a geological and-
mineralogical province which has not received adeguate -de-
tailed attention.” This is.o direct outéome of its remote-
ness end genergl incccessibillity... In spite of the diffie-
ulties Sipr Douglas Mawson hos recorded many of its inter—
esting features,end has collected numerous specimens.

Some of the Mineral deposits partly opened up have been ex-
amined in wmore detall and official reéports have been pre-

sented by Dr. L.K. Ward, Dr. ReL. Jock and Mr, H.Y.L. Brown,
chiefly on mine and prospecting workings. ' '

On the evidence of Mawson, the central igneous
end metamprphic belt about Mount Painter and north to
Muloowurtlna previously has been correlated with the Arch-
aeozoic Bra. Proterozoic and later sediments were con=-
sidered to overlay the Archaeozoic core complex unconform-
ebly.



Bi® ' General.

. : The 19444 geological reconnaissance survey now
indicates that the rocks of the Mount Paintey Complex znd the
surrounding seédimentary series are all to be referred to the
Proterozoic and early Palaeokoic eras. Sediments and meté-
sediments within {he area subveyed are all retognisable mem-
bérs of thé sodcelled Adelaide Seriess, Furthermore, there
is evidence to suggest that the intrusive red (stredsed) hhd
white (unstressed? granites mey be correlated with other .
stressed ond unstressed granites intruding the Adelaide Ser-
ies of sediments elsewhere in South Australia.

The sedimentn ry series have been folded on o fairly
simple plan ond both sediments and igneous 1ntrus1ve rocks
heve undergone foulting.

. . The geosynclinel occurrence of Adelaide Series,
Cembrian and perheps Ordovicien sediments within South Aus-
tralia will be referred to os the Flinders geosyncline in
distinction from the MacDonnell geosyncline of Centrel Aus-—
tralia.

Cs The Sedimentary Seguence..

_ The Sedlmentery Rocks of the Mount Painter area
are rll Proterozoic in age. The lowest recoghisable horizon
is the Thick Quartzite which is an important mnarker horizon.
Where recognised elsewhere in South Australia Mawson (1941)
considers that it conveniently represents the bese of the
Middle Adeleide Series. This massive end resistant guart-
zite formation 6,000 feet in thickness is responsible for
much of the bold scenery of the reglon. "Brratic! quart-
zite boulders occur infrequently in some horizons of the
guartzite and many measure one foot or more in length. They
provide striking correlative evidence in that Medigan (1932)
has recorded similar intreformetional boulders in the No. 2
Quartzite or Thick Quartzite equivalent of the Western Mac
Donnell Ranges. Tn stratigraphical succession there follows
2 calcareous series which in part is identificble with the
"Blue Metal Series" of dolomitic limestones and mognesite
beds occurring at Copley and as for south nos Adelcide; near
the base of this series there is o&n arkosic conglomerate of
varicble thickness. The Sturtian tillite ond ossociated
fluvioglacial horizons overlie the calcareous sediments.
These glecigene sediments form another marker horizon used
in this surveye. Very minor fluvioglacial bands occur much
higher in the succeeding series of calcareous slates, but
they cannot be mistaken for the maoin -tillitic horizon.

Dr. Werd (1916, page 8) reported "typicel tillite'" on the
western slope of Mt. Gee. Photographs taken &t the time of
his vigit show & tillite formation treversed by epithermal
gquartz veins. A search was made for this occurrence, dur-
ing reconnaissance mapping, but only floaters of tillite were
found in Mt. Gee Creck opposite No.5 workings; undoubted
tillite must occur in the vicinity. A thick serlies of
calcareous slates and limestones overlie the tillite.
Outside the area mapped they pass into the purple series of.
slates and quartzites with minor limestones horizons. The
purple series underlies the Pound sandstone-guartzite of

the Gammon Range and this quartzite in turn underlies Cam-
brian Archaeocyethinae limestones. .

No major unconformity heas been discovered within
the aree covered, but to the south and west evidence of
thinning and "overlapping of beds" have been recognised.



: A stretigraphical sequence has been compiled from
the mapping of ‘the crea photographed ~nd from information

collected while rurning severcl traverses south out into rel-
atively undidturbed country bordering the Mount Painter region.
It is consistcnt with results of Mawson's (1944) Work on the

middle and upper Proteroz01c Sedimentury series necr Copley.

D. Stroti ra hicel Se uencec

' Thicknesses approximote only).

7,000(+) ft. The: "Pound" Sandstono quartzite of the Geammon
o Range and elsewhere, Underlies Archaeocyap
thinae limestones end may represent the base
of the Cambrién or close of the Proterozoic

sedimentea tiOno

12,000 ft. Purple Slates Series. Slates and minor lime~

' : stones and guartzites. Lominated: Calcareous
Slates and limestones. Equivelent of Taoyley
Hill Series neer Adelaide. Slates contain
very minor fluvioglacigl bands nesr Mt. satur-
dﬂ.y- ’ °

1,000(%) ft. Sturtion tillite and fluvioginoiql Series.

) e , This formation is of variacble thiokness, rang-
ing from 4,000 feet north-west of Mandar in
Hill, to 7,000 feet, neor Tindalpensa where
thickening may be due partly to folding.  The
overlying calcareous slates in the latter -
locality slso show similar thickening.
8triated and faceted erratics of very diverse
rock types are abundant., Mawson. (1911) con-
siders that mony erreatics are identical with
rock types of, the central Mt. Painter complex
but this may be 001ncidental, end; in general,
does not hold. : ’ : '

11, 000 ft,. Cnlcareoue Slates ond massive limestones.

S 4 The limestones in part are dolomitic, magnes—
itic, tremolitic, ond actinolitic. In the
lower sections quartzites and an arkosic
quertzite of varying thickness figure promin-
ently. Worm-castings (?) ond ripple marked
surfaces occur in the quartzite near Bolla
Bollzna.

6,000 ft. - Thick Quartzite formation, Remerkebly even-
- : grained sediment except where large inter- -
formational boulders occur in the mein mass
of the rock. Lemineations ore apperent and
‘ripple marked surfaces ore not uncommon.

E., . The Igneous Rooks.

: Igneous 1ntru51ve and extrusive (?) rocks of
the Mt. Painter complex will be dealt with in two groups -
the acidic and the bﬁsic. :

. Acid igneous rocks outcrop extensively within
the Mt. Painter area, end cen be subdivided into two coteg—
oriesy; -the red granites end the white or leuco-grrnites.
Itiis 1mprdbeble that these two granites are comagmatic,
they both. have intruded the Proterozoic Series  of sedlments.

Within the red grnnite belt procesges of assimil-
ation ond/or grcnitisntlon are strongly in ev1dence. All



_phases from relatively slightly metamorphosed sediments
through remnant structure to '"mormal" granites with little
or no direétional textures have been recognised. In some
areas the hybrid nature of the granitic mass is strikingly
apparent. . The red granites generally zre sheared and frac-
tured =nd, in .outcrop, rounded surfaces and torr-sheped

- Mmasses chnrncterlstic of unstressed granlte are gbsente.

' The occurrence of white granites has fen tures
clearly distinguishable from those associated with the red
granites. The sediments intruded by the white granites. are
confined entirely to the Thick Qurrtzite horizon at the base
of the seqQuence. In the cose of the white granites in the
late stages of intrusion magmatic stoping probably proceeded
on & consliderable scale. Aerial photos taken from 20,000
feet indicate dykes and sills extending into guartzite rocks
along various lines of weakness near the peribbery of the
white granlite moss. The white granites ore more homogeneous
in character than the red granites. In weathered outcro
they have typical rounded outlines (Torr structures, etc.§
which are outwnrd menifestations of the unstressed character
and. . the presence of few directional textures.

The red granltes ere. believed to be the older of
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 contemporary.. The
association of many signs of greanitisatipn with the red
granite "intrusion” suggests a deep seated origin for it,
before erosion had removed much of the sedimentary rock.

The genetic relationship of the two granite masses require
further study before any definite conclusions can be drawn.
This study would certainly involve further field work.for
which the reconnaisgance maps and 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 basic igneous suite of rocks the
more important occurrences of these have been shown on the
small scale sketch reconnaissence map, (Plan 3294), but
detniled descriptions of respective areas of outcrop cannot
be given. General notes on occurrences are incorporated
herein but readers are referred to publications by Mawson
(1923, 1926) for additional information on these rocks.

(i) The Red Grenite.

Macroscopically the red granite is essentially
a medium—grﬂined intergrowth of guartz and pink felspar.
For the most part the granite contains only a little mica
with schorl and iron minerals commonly present but in small
and varying amounts.

The red granite magma is intrusive into the
Proter0201c sediments and in the central region particular-
ly west of the "Arm Chair" outcrop relationships between
the red granite and the Thick Quartzite suggest & leccolith '
form, but there has also been some assimilation.

In other localities granitic rocks appear to have
been formed in situ, and there is widespread evidence of
the granites of vestigeal sedimentary structures which
appear to heve retained their initial orientations during
the granitisation process. The metoamorphosed Thick
Quartzite formation striking east from Mt. Pitts exhibits
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Increasing metomorphism resulting from processes of granitis-
ation ns one proceeds in an easterly direction. The quort-
zite near Mt. Pitts is micaceous and is intruded by a few
pink felspar pegmatites, To the east it becomes gneissie
and in many places gronitic.: Many phases are apparent
"between gnelss, granite-~gneiss and red granite. In this
area whatever rock is present the strike of gneissosity (and.
beddlng where sedimentary structures are well-preserved) re-
meains sensibly constant veering & little to the north of
east. The dip of structure lines 1s steep and in most

cases in a northerly direction. Inclusions of less eltered
guartzite ecre not infreguent. One of these occurs near the
junction of Mt. Gee Creek and Radium Creek.

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

. Near the Arkaroola Waterhole massive quartzites
1nclu31ons are p; inly distinguishable within the grenitic
-rock, but a little to the north difficulty is experienced .
in distingu1sh1ng them in the granitic mass. North of _
East Peinter Gorge also massive guartzités grade impercept-

ibly into granitic rock. It is not possible to drew .
boundaries in these aresas. For this reascn also north of
the "Arm Chair" much difficulty was experienced in drawing
even a very approximoate boundeary between obvious guartzites
and granitic rock. In addition Pink felspar pegmatites
intrude into the queartzites in this locality and render. the
fixetion of finite geological boundaries impossible. Por -
the presenteation of a regional map a compromise wes decided’
upon, namely, an arbitrary distinction was drawn between a
zone of red granite ond definite quartzite sediments, by
the definition of 2o rather ill-defined zone of red granite.
and quartzite. These bounderies are marked cleorly on the
geological plans. (Plans 3288 - 3291). :

A study of the dist¥ibution of the red granlte in
relatlon to rock of sedimentery origin makes it apperent
that the quartzite resisted grenitisation end/or assimilation
more strongly than certain other sedimentary types. . The
Thick Quartzite horizon extends esast from Mt. Pitts. for some
distance into the red grcnlte hefore it loses its identity.,
Immediately south of the outcrop of this guartzite and at g
‘reletively higher stratigrephicel horizon (e,g.'near ‘the.
Nooldoo Nooldoona Waterhole) metamorphism and intrusion have
reached a more advanced stoge. Original sedlmentnryrocks
have been converted to a& rock which in the field is now re-
ferred to as & Quaritz-porphyritic-gnelssic grﬁnlte. The
gneissic structure conforms with the bedding in ‘edjacent
metasediments. Whilst processes of greonitisation have
altered selectively various sedimentary types their in-
fluence heos not extended more than about 2,000 feet strat-—
igraphically above the Thlc& Que rt21te formatlon.

From the central zone in the neighbourbood of
Mtses Pitts ond Painter, Mawson (1923) refers to '"dense
felsitic and granitic rocks receclling the Pre-Combrian .
porphyry and grenite of the Gawler Ranges énd Moonte; ,
also -a considerable develcpment of syenite-porphyry, quartz
felspar porphyry, felspar-porphyry, and acidic gnelsses
sometimes exhlbltlng sugen structure'. Two rock speci-
mens collected in Radium (Sphene) Creek he described in de-
tail. The first was & zircon-biotite-syenite in which
large white felspars freguently three-gquarters of an inch
in length exhibited a gneissic pearallelism. The other
specimen was a '"somewhat altered qucrtz—felspar-porphyry
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.In the two gpecimens there were many signs of strain ond
crushing; ‘the porphyritic individueals of the syenite had
~been granuelted ebout the edges. These brief descriptions
support the field evidence that practically all rocks of the
"red granite bélt have been affected by slight to moderate
dynamic metamorphism. In many cases the rock appeazrs un-
stressed in the hand specimen but in thin section the effects
of directed pressure are evident. Major crush zones are of
frequent occurrence within the red granite and it is within
these that most uranium mineralisation is located. The red
granite is typically a "stressed! one and wide zones of
shearing, trending NE-SW, are prominent east of Mount Painter.

The red colouration of the granite is probably due
to the presence of iron oxide within the felspars, ‘Specular
hematité is widely distributed in red granitic rocks. It
is particularly conspicuous in the thin light red pegmatite
stringers near Yudnemutanea. Ward end Jack (1915) attrib-
uted the occurrence of such primary oxide material in these
lodes and pegmatites to an "unquestlonable deflclency of
sulphur" (p.11).

In numerous localities the red granite is trav-
ersed by dykes of light red pegmatite. In these the fels-
par crystals sre in many cases unusually coarse, and may
range up to one foot 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 grenite is comparatively
well-mineralised. Specularite, magnetite, ilmenite, sphene,
rutile, apatite and monazite are common accessory minerals
but from an economic standpoint, however, no large coucen-
tratiom of any of these primary minerals have been discov-
ered. Several primary minercls of the rare ecrth suite
have been found esbout Mt. Painter. - Monazite occurs prom-
inently in No.2 workings on Radium Ridge and has been
identified with uranium minerals in severel other workings,
but analyses by Mr. R.G. Thomas (Mawson 194L4) indicate that
thorium content is very low. According to Mawson (per—
sonal communication) allanite (cerium epidote) occurs in
the Hot Springs Creek, a short distance upstresm from the
Paralanae Hot Springs. The allanite occurs as small cry-
stals and grains within gneissic red granite. With the
exception of a radio-active ilmenite described by Brough-
ton,?1925) (actual occurrence unknown), Fergusonite is the
only primary uranium mineral yet locoted. It is found

et No.2 Workings, on Mt. Gee, and ~t the "Smiler Gre>»nwood"
deposit. ‘ '

(ii) The Leucogranites. (White grﬁnites)A

A large mass of white granite outcrops in the
north-eastern portion of the arca. It forms & batholith
extending sbout six miles in north-south and three miles
in an esst-west direction, The granite has intruded
the Thick Quartzite horizon in whot appears to have poss-
ibly been en enticlinal structure in the sediments.
Within the batholith large xenoliths of guartzite are
plentiful and near its periphery there is abundant evid-
ence of magmatic stoping. Wedge~like dykes of granite
project into the guartzite along planes of weakness.

The leucogranites are typically unstressed but
are traversed by two'prominent Joint systems which trend
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approximately N 90-100CE and N 150-170°E, In outcrop "torr"
shaped boulders are prevalent. There is no evidence to :
suggest that the granite was introduced prior to folding of
the sediments. The reglonal'cleavage of the sedimentary and
metamorphic rocks to the West is not reflected within the
granite. :

Like the red granite, the leucogranite is essen-
tially a binary granite comprising quartz and felspar, but
No uraniuvm minerals were located within its boundaries.

-Within the central Mount Painter red grqnlte com-
plex tusre are geveral dykes of white pegmatite or pegmatitic
granite which, although pegmatitic in nature of occurrence,
texture and mineral =associations, are referred 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 granites. One very persistent dyke traversing
the relatively low undulating red granite country north of Mt.
Pltis. continues a practically unbroken course in an east—
rorth-easterly direction for more than two miles where it
approaches closely to more massive occurrences of pegmatites
and pegmatitic greanite of the same group. . These massive
pegatitic granites extend east and west and form the "Arm-
chalir® and the Mount Ward Rahge. The dykes on their western
extremities curve southwards to parallel the course of the
"two-mlle' dyke, previously mentioned.

The principal constituents of the pegmatites have
& coarsely crystalline habit and in some places there are
notebie concentrations of tourmaline and mica. ~ Books of
muscovite were found measuring more than four inches in
lengthn, but the average size is considerably less. The
white pegmatites in & number of places grode into the light
red pegmatites. To what extent these two generations of
pegmatite are intergrown and to what extent recrystealliz-
ation of the original pegmatite took place was not investig-
ated, .

A third group of leucogranites is present outside
the Mcunt Painter area proper. This group may be co-
extensive with the foregoing pegmutltbs, Mawson &and Del-
witz \49L5\ have described it in considereble detail.

The Giant's Head, the Needles and Tourmaline Hill are typ-
ical occurrences and lie west of the area mapped. Their
positions sre marked on the reconnaissance sketch plan
(Plan 3294). ~Other outcrops known as the Pinnacles and
Slttlng Bull are situated on the extreme south boundary of
the area, Mewson snd Dalwitz (p. 48) consider that the
intrusions are "in the nature of cupola summits above the
genersl plutonite mess of a large scale granitic intrusion”
into the thick Proterozoic and Cambrian sediments. "They.
represent the summits of aoctive upward migration of mag-
netic gases and solution.'

The following guotations, taken directly from
pages L7 and 48 of Mawson and Dalwitz's paper, summarize
some importent features of the intrusion:- ]

""he igheous rocks of these cupolas are essentially
lcuco-cratic, quartz-orthoclase (orthoclese microcline
and microperthlte) albite (sodaclase) rocks. Rarely
if ever is the plagioclese as calcic as oligoclase; in
very many the sodaclase is in excess of orthoclase.
Femic minerals are absent t0 rarcesces There 1s seees

\
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clear evidence of 1arge scale migrﬂtion of soda, silica,

chlorine, boron and potash into the surrounding rocks en-
riching them in such minerals £s ﬁlbite,vseapolite, mlca
“and tourmaline."'

"Albite is elmost ubiquitous in "both igneous and metea~
morphic TOCkS" ; ; _ I

"For the most part these eupola rocks of Umberatana
differ in texture from normal granites. They bear evid-
ence of having crystallised from magmatic ligquids abnorm—
elly rich in volatiles resulting in pegmatitic, splitic |
and even spongy textured crystallizations with abundance
of liquid and gaseous inclusions in the feldspar and

_ quartz. The summits of the cupolaz masses gre erystall-
izations of this kind, but a transition in texture towards
more nﬁrmql granlte is noticeable in more deeply exposed
areas.

"Accessory minerals in the leucogranite are very irreg~
ulerly distributed but in some places there are notable
concentrations of tourmeline, apatite, sphene and gnrqet.“

(i1i) The Basic Igneous Rocks.

Rocks of this sulte are very variable in mineral
composition texture and nature of field occurrence.. Both
field and laboratory studies of them have not been extensive
and meny important problems associated yet remaln to be
- solved. Mawson (1923 & 1926) has collected much interest-

ing information concerning these rocks particularly from the
Wooltana region, but also from the Mt. Painter arees.

The rocks range from coarsg dolerites to hyalop-
1litic basalts.  Many of them -are highly vesicular and con-~
siderably metamorphosed. To a lerge extent outcrops of
basic igneous rock are restricted to the south cestern por-
tion of the area mapped, but isolated intrusions occur near
Yudnamutana, the Daly mine and on the western extremity of
Radium Ridge. i

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
sediments. In many cases it is undoubtedly intrusive as
‘there 1s evidence of the overlying beds heving been dislo-
cated ‘by the underlying igneous rock. In other places.
amygdaloldel textures cre indicetive of an extrusive origin.
Mawson has noted scoriaceous lava textures near Mt. Jacob
which also suggest lava outflows rather than sill-like
intrusions at depth. -  Sulliven hes recorded possible ash
beds near Humenity's Seat. . Meawson also has noted possible
ash beds necr Mt. Jacob and purple shales which were pre-
sumed though not proved to be transformed ash beds.. A
nerrow -top band of ilgneous rock of denser character Mawson
has teken to represent the original chilled surface of a
flow, Vesicles, 1if present, are in many cases filled with
zeolites (stilbite) and calcite, and some show pronounced
directional features.

The Wooltana Basic igneous belt is the southward
continuation of the extensive aréa of basic igneous rocks,
south of Humanity's Seet, which outcrop in the Mount
Painter aresa, From near Wooltana Mawson (1926) has
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deaCribed’normalland amygdaloidal melaphyres, ah olivins
diabase and an’ ophitic olivine diabase. -

At Yudnamutana Mawson (4923)° describes an altered
~diabege which he ¢onsiders to be associated with the genesis
of the copper lodes. He records other much altered basio

igneous rocks occurring near the Daly Mine.

A related serles of volcanic plugs ranging up to
16 chains in diemeter and 1ntruding the red grenites have
been recorded. The laprgest plug is situated less than one
mile south of Humanity's Sett. Others have been found
‘adjacent and about 100 chains to the west of Echo Camp.
Another occurrence is located on the western extremity of
- Radium Ridge. There are several others of lesser import-
ence. = A further group probably genetically related to the
foregoing lie in the wide shatter zone of the Echo Camp
Pault. - Excmples of these are located near the Pinnacles
pegmatlte. The evidence clearly assigns to these plugs a
post-red grenite oge and an age post-dating the period of
faulting which has affected the red granites. . In general
these basic igneous rocks cre relatively slightly altered.
In places: they are intersected by irregular milky quertz
reefs, but they appear not to have undergone dynamic or
regilonal metamorphlism to any degree. On the other hand
the sill-like and/or flow-like basic igneous rocks of the
Wooltana Series, to the morth of Arkaroola Station have
undergone‘considerable alteration by such progesses. The
basic intrusives of the Yudmamutana region likewise have been
very con51derﬂbly metamorphosed.

From the foregoing descriptions the cvidenge points
to two distinct periods of basic igneous activity. The one,
pre-tillitio, “when Proterozoic pre-glacial sediments were
impregnated by sills and d ykes, with extrusion of the same
basic magma as vesicular lava flow. The deposition of ash
beds was also a feature of this initial period. During the
second period doleritic plugs were intruded into the red
grenites end the crush zones formed by post-red granite
faultinge.

' For purposes of comparison it is convenient to
‘note briefly seversal adjacent occurrence of volcanic rockse.
At Blinman (70 miles to the south-west of Mt. Painter)
volcanic rocks of a probably post-tillite age (Howchin 1922 2
and Benson 1909) occur near Oraparinna (16 miles south of
Blinmen); similar rocks have heen tentatively assigned a
much later age. .Mawson (1938 - 1939), reports volcanic
agglomerates near the base of the Pound Quartzite, the form-

ation which immediately precedes the Cambrian Archaeocye~-:

thinae limestones.
1«

Fa__ METAMORPHIC ROCKS.

Praetlcally all rocks of sedimentﬂry origln and
most of the besic igneous rocks of the area have undergone
" some degree of metamorphism. Whilst regional metemorphism
. 18 general the intensity of the alteration is most mearked
nearer the red granite mass. . Volatiles which emanated
from the red granitic magma reacted metasomatically with
constituents of the country roek and produced a variety of
new minerals. Where high temperatures were present in
the metamorphi¢c aureole the original sediments have been.
altered by dehydration and decarbonation processes. Mény
other processes have also opercted in bringing about the
alteration of earlier sediments and basic igpeous rocks.
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In general metomorphism displays marked zoning in
meny areas and there 1s a distinct relationship of these
zones with the boundaries of the red granite belt. Variat—-
ions in sedimentary type and fﬁultlng have modified locally
this general zonings The major metamorphic grades reqdlly
recognised in the field are as follows:-

Quartzite
Sericitic (muscovitic?) quartzite
Quartz-nlica-schist
écidygneisé _ )

grunlx\(c gnelss

Slate
Srotted Slate
Knotted Sfétes and Schists
andardeite schist

Tourmaline and Corund&ﬁrsillimanite-cordierite Schists.

Limestone

(r~<——m

Mar

Scapolil g earble
/
Tremolite-Actinolite Marble

Brucite—vesuviu“‘te—fﬂtn idlite—epidcte~marble

Amphibolitea

The basic igneous rocks cof the Wooltana belt and
Yudnamutana have.undergone saussuritisation, serpentiniz-—
etion, epidotisation and cther processes of alteration to
produce melaphyres end diabases. :

Dynamic metamorphism has played a lesser part
than thermal metamorphism, Cleavage has been indueced
in many rocks, particularly in slates. About Mt. MacDon-
ald and Freellng Heights micacecus quartzites show strong
regionel cleavege which is particularly striking on the
aeriel photographs.. The regional cleavage in the north-
western arec strikes approximetely N4120°E and dips south

at 70—80 s

Within the red grnihite belt dynamic metamorphism
hes produced prominent crush structures and it is in and
adjacent to these crush zones that mcst of the known uran-—
ium deposits have been found. Thin sections of some of
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these red grenitic rocks, examined under the microscope show:
prominent Ycrush" borders to mineral grains and crystals.
Pronounced shadow extinction of the quartz grains is also a
feature of ou:h sescticns.

South and east of Mount Painter a definite
schistosity is apparent in the red grenitic rock, and near
Minerva Heights directed pressure has produced metamorphic
structurss reminiscent of crgan-pipe gneiss,

G GEOLOGICAL STRUCTURES.

(i) Ppolding.

In Socuth Lustralia, the Proterozoic, the Coubrian
and perhaps the Crdoviecian period were notable for the accum-

uletion of & vast geosyncline of sediments. With minor ex-
ceptions, sedimentation proceeded without very significant
dluqurbquw In the description which follows, this accum-

ulation w111 be referred to as the Flinders geosyncline in
contra-distinction to the MacDonnel geosyncline of central
Australiila, These two geosynclines protebly were continuous
as t:e "Central CGecsyncline™ of W.H. Brian (1932 p., 20). -

‘ In both of these 'basins' sedimentation was term-
inated by an o**geulc process wnich prcbsaebly occurred con-
temporanecusiy Iin the two areas, possitly in the late or
post— Crioviciad period as Ordovician sediments conformably
overlie Jembrian and Prcterozoic formations in the MacDonnell
. Ranges where %he three rock series have taken part in the
folding movenents ‘

80 fear no undoubited Ordovicisn sediments have been
recognised in Scuth Ausfralla. Mawson (1939) hes recorded
a thick cross-bedded sandstcne overlying upper Cembrian

fosgilifecrous L1inm ebtones in the Grindstone Range area of the-
Flinders Rongese This may be the equivalent of similar red
sandstone-guartzites of Ordovician age which occur in the
MacDonnell Ranges. :

Congideration of fnid axes of the MacDonnell and
Flinders Ranges favours contemporan e*"y of crogenic cycles
in both regions, a*th”"gn Meawson (19/42) perscn“llv favours
a late Cambirian age of Lo*d¢na in the RPlinders Ranges.
The writer, however, doeg not kaew of any direct cevidence to
contradict the theory of ccntemporanciiya

Within the Mt. Painter arca mapped in detail, the

major fclded structures are not readily apparent. For this
recson. a broad scale rceconnaissance sketech map was prepared
covering a larger area. (Plan 3294, Sheet 47). This plan

reveals the broad folded sitructures which are similar to
those found e¢lsewhere in the northern Flinders Ranges.

The folding is generally of a broad open character with

the major wxes of folding trendiﬂg in an eﬁst—west direction,
whilst nearly ot right angliles a2 second set of fold axes

more widely spaced can be 1,te*prwfedn *n effect a series
of per1C¢vn¢1 {dome end basin) structures hes been produced,
elongated Iin an ecsi-west direction.

, The study o2 the orienitation of the fold axes is
-congidered to be imporitant in deciding the a2ge of the fold-
ing of the sedimenits now constituting the Flinders and .
MacDennell gussynclines.
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In ‘the Flinders geosyncline tnere is a definite
chenge in relatlive importence of the respective sets of fold
axess: In the South near Adela1de, the folds essentially
bave a meridianal trend with minor changes in pitch attrib-
utable to folding along ill-defined east-west- axes. Some-
‘what similar relations continue to hold until near Hawker
where east-west fold element noticeably becomes more prom-
‘iment. At Wilpena Pound and Blinmen, 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 near Mt. Serle,

- folds trending in an east-west direction are more prominent,

but north-south axlel planes can be readily interpreted.
Similar conditions continue with little modification to ths
northern extremities of the ‘Flinders Range.

o In the MacDonnell Rﬁnges the folding llkewise has

a dominant east-west trend, but distinct changes of pitch
have been noted (Madigan 1932, Mawson 1925, David 1932,
Geologicﬁl Map of Australia)

- In the Mount Painter area the folding con bhe con-
~veniently referred to: two sets of fold axes, and it appears
o e Intrusion of the red granite was chiefly confined
to an anticlinal structure and during emplacement probably
accentuated the original dome~shaped area of weekness.
AOther prominent structures include an east-west major syn-
‘cline passing through the centre of the Yudnamutana area and
‘a complementary antiecline occurring between Mt. Pitts and
the Yudnemutana Range. The '"competent'" Thick Quartzite has
been steeply folded and intruded by red granite. Other
folds lying just outside the area ore shown on the reconn-
alssance mep (Plan 3294). These include the north, an
~anticline passing about two miles north of Tindalpina Hut,
-and in. the. south a cyncline in the vicinity of Arkaroola
‘Homestead. - Pitch data based on clesvage and bedding reach-
ings observed in the Daly-Yudnamutanea aree indicate the
presence of anticlinal and synclinal axes along which the
. dominant east-west folding can be pictured as having been
warped. - The reconnaissance sketch map (Plan 3294) illus-
"trotes the synclinal axis of this feature, but to the east,
intrusion of granite and faulting prevent 1nterpretation of
- the complete complementﬁry anticlinal axis.

: By and large the main structural feature of the
Mount Painter arec is the dome structure in which granite
now largely replaces the older sedlments.

Minor fold structures were not studied in much
detail in the field and most of the trend lines have been.
interpolated from scattered field observations used in
conjunction with the aerial photographs. Some of these
.require further elucidation, particularly east of the Para-
lana fault but elsewhere they are not likely to modify the
general structural interpretation of the area,

(1i)  Faulting.

. Faulting in the Mount Painter area is congidered -
in two .groups. . The eastern and south-ecastern or Paralanea
group and the north—western ar Mt. Saturday groups. In
both groups hade is small. .

(a) .The Paralenz Group:

The Paralanavfault‘is the most conspicuous end
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extensive one on the area. It is one along which there is
ev1dence of movement having occurred even in Tertiary times.
It s marked by a well defined crush zone alonp which signs
of mineralisation (notably, uranium, copper, quartz and
mariganese) are not unhcommon. The fault has heen traced
beycnd the Ammonia Cave south of Mt. Warren Hastings@

Several spur faults have been noted branching off
from the main Paralana fault. One of these,the Echo Camp
fault is the most prominent and is notable'for tremendous
accumulations of white quartz.,  Adjacent. to Eoho Camp &
reef-like mass of solid milky quartz, 6 té 8 chains in width,
is present end further wsst pegmatltes and narrower quartz
reefs mark this fault Jzone,’

: Near the "blg 1oop" if the Arkaroola Creek, the
actual trace of the Paralana fault is difficult to follow ag .
the Arkaroola has in fact eroded a wide fracture and crushed.
zone in actintrolitic marbles. From this locality the fault
curves south and then south-east and within its crush zone a
numbsr of pegmatiies and doleritic plugs are present. The
pegmatites.occurrences include the Sitting Bull and the .
Pinnacles previously mentioned. The crush zone iestill well
developed at the Sitting Bull, the eastern

, Ixtending north from the Mouth of the Yudnamutana
Gorge, the Paralana fault forms the main escarpment of the
Flinders Range, To the ecuth a low "front of range" es-
carpment is formed by another fault which evidently converges
with the Paralana Fault near the Hot Springs. ‘The Junction.
cannot be observed and crose-faultin e between the two major
faults has let down a roughly iriangular block in which
Eyrian (?) eediments have been preserved. Thie scuthern
eccarprent fault probably dellnea+es the edge of the Lake
Frome Plain to within less than a mile of Ezst Painter

C o 53, from ther: once more it convergees towards the Para-
lana fault, It appears to die out sbout two miles south

of Humanity's seat. S :

'Albng the egcarpment leadingtscuth frem the Lady
Buxton copper mins, no defining fault was lcsated, but there
are two croes faults a 1little to the north of the mine.

Sulliven has indicated a possible fault adjacent
to dn actinolitic marble bed cccurring gouth of East Painter
Gorge, but further field work is reguired in this aréa to
fully resolve the structure and stratigraphy. o

Faulting of the Paralana group iQ post-red gronite
and post Wooltena Basic igneous. It ie pre-lsucograniie
intruesions and preceded ithe intrusion of the younger basgic
igneoue racke as indiecated by the nature of the occcurrences
of pegmatites at. Slt+1ng Bull and the Pinnacles and cf the
"unstressed" basic igneous rocks of the same locality.

{p) The Mt. Satuyrday Radial Faults.

4 ~ This serles consists of a number cf hinge dip:
faults arranged in a radial pattern about a centre approx-—

imately one mile south-west of Mt. Saturday.. The throw
for these faults i1s generally small and ths faults die out
before the central focal point is rsached. In addition

striike faults cccur which are not qtrictly memters of the
radial series, but otherwise are similar in character to
the radial group. :

Tt
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Foldlna appears to ‘have determlned the fault
pattern of this group very closely. Downthrow is normally
to the north and in consequence the "competent' Thick Quart-
zite of the Yudnamutana Range has been forced up in relation
to the incompetent beds to the north. It is evident also
that these pivotal feults relieved stresses during the flnal
stages bf granite 1ntru51on. . .

L The faults have not been observead striking into .
‘the centre of the red ‘granite belt, but near the Commonwealth:
mihé thdy occur in quartzites: heav11y intruded by pegmatites,
algo within and without the infaulted block of actinolitic
marbles, thué indicating that some at 1east of this faulting
preceded the pegmatitic 1ntrus1on¢

H. EPITHBRMAL ACTIVITY4

The locality of Mt. Gee is the centre of . wide-
epread accumulations of epithermal quartz.  Most of the ,
guartz is distributed in geode form and amethystine quartz has .
been found in many cavities. Ghost structure is very common
in many of the quartz crystals and drusy quartz masses fre- .
guently -encase fluorite and gypsum. crystals. ‘In some in-
stances Torbernite flakes occur within the geodes and at ‘other .
times intergrown with the quartz. Specularite shows similar
relations to the quartz. ‘Other deposits of the epithermal
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 formations appear to be of conslderably ‘
vertioal extent and to have a pipe-like form. - On Mt., Gee ths
~ peode material extends six or seven hundred feet vertically.
Near Sunshine Pound it occurs at the bottom of valleys more .
than 1, OOO feet below the summit of Mt. Gee.

. ..Originally, the cavities (now partly filled with
deposits of epithermal guartz and other minerals) must have
been remarkably open structures. For this reason they must
have been formed relatively near the surface, at least within
the zone-of fracture. fissuming that the epithermal activity
pest-dated the formation of the 3,000 feet peneplain, & rem-
nant of which has been preserved on Freeling Helghts, the
present upper limit of epithermal quartz on Mt. Gee would
"have been within 800 feet of the surface of the ancient pene-
plaln.

: Evidence froum mlneraloglcal studles suggests a
late period of epithermal activity and thie. is consistent with
geological and topographical data. As pointed out by Stil-

well %this Bulletin), Torbernite occurs intergrown with :

epithermal quartz and the low values of the lead-uranium ratio
for the torbernite indicate formation in the late Tertiary

Period.

‘ In ‘the writer's ming, however there is still a
"tendency to associate ths epltbermal quartz with the decadent
‘phases of the hydrothermal activity of the Paleozoic era.
"In support of this contention it is to be noted that gecdiec
" ‘quartz has been formed only within the red grenite area, and
‘s absent from the fault fracture zones.which, one would
- believe would offer excellent loci for its deposition, It
is ‘to be noted that the Paralanha Hot Spring which is still
active 1is situated on a fault, but thet the silica. deposited
‘ie in no way similar to that’ of Mt. Gee. * Helium gas in :
minate quantities is being evolved from the Spring waters
(Mawson 1927).
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Whilst the nge of the epithermal activity need not
neeessarily be correlated with a period of peneplanation or
still-stand as evidenced by the 3,000, 2,000 or 1,000 feet
erosion surfaces, it is appropriate to study this possible
relationship in view of the uncertainty as to the precise
origin of the uranium deposits. The age of these erosion
surfaces are thus considered somewhat in detail.

X5 THE AGE OF THE EROSION SURFACHES.

In the physiographic section of this report ref-
erence was made to two erosion surfaces occurring very
approximately at elevations above sea level of 3,000 and
2,000 feet respectively.

- The 8,000 feet buse surface is well preserved in
the area known as the Freeling Helights and is undoubtedly
most ancient and ite perfection indicates a very protracte
period of still-stand. The 2,000 feet erosion surfnce hns
been deeply eroded, but its former existence is postulated
from the land-form analysis (Plan 3210), There is .10
evidence of any lMesozolc or Tertiary sediments having, been
depocited on either of these surfnaces, and thus there are
no stratigraphical clues to their ages,

It is reasonable to plcture the Mt. Gee and re-
lated eplthermal deposits to have been formed when the
Freeling peneplain was developed and before it was dissected
to any marked degree as epithermal quartz deposits are found
near the summit of Mt. Painter (2,850 ft.), an eminence
which 1s considered to be a remnant of the Freeling surface
and a monadnock on the Yudnamutana surface.

FIG. 2, Mount Painter, Monadnock on the Yudnamutana
surface.
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It w111 be scen from discussions elsewhere in this
'Bulletin that the secondary uranium mineral deposits were. ‘hot
necessarily formed during the period of epithermal activity,
but may have been later. ' Thus, they may be related to the
2,000 feet erosion surface when the water table was much
hlgher (several hundred feet) S

A U/Pbs ratio determinatlon made on the torbern~
ite from the No.6 Workings'indicates formaxlon in the late.’
Tertiary Period, "but no determlnatlon has Been made for the
torbernite found intergrown with' epithermai quartz which, on ~
known physiographic and stratigraphical evidence, one would
asslgn a much older age of. formatlon, p0551b1y early Mesoz~
olec or late Palaeogzoic, This problem, however requires
further study before any definite conclu51ons can be drawn.

d. . GEOLGGICAL HISTORY oF THE AREA.

Durlng the course of rield 1nvest1gatlons certain
observations were made which have a bearing an the sequence’
* of various important tectonic events, igneous intrusions and
periods of mineralisation, and an attempt has been made-
herein to prépare a tentatlve seduence’ of the major geolog-
ical events in the area mapped. . It 1s outlined 2s a work-
ing hypothesis which will be bouhd to be modified as more
detailed work is carried out.

1. - Proteroz01o and. early Palaeozoic sediments
accumuleted in the region during a long quiéscent pericld. |
There appear to be no major breaks in. sedimentation e€lthough
minor overlaps are present. The sedimentapry types range e,
from tillites and arkoses through sandstoneg and quartzite'
to slates, calcareous slates and limestones; ,

Prior to Sturtian g1a01atlon (Late Proterozoic)
much of the Wooltana basic igneous rocks were intruded
(sills and dykes) or extruded (lava flows and ash beds).
The Proterozoic ice age was followed by generally warmer
- eonditions culminating in the aridity of the late Cambrian
and Ordoviecian periods.

. Most of the sediments are devoid of fossils but
worm burrows occur at several horizons low in the Protero-
zolc series. :

During the Ceombrian Period definite marine in-
eursions were responsible for deposition of highly fossil-
iferous (Archaesocyathinae) limestones. Accumulation of
fedlment probably continued well into the Ordovician Per-
od. "

2. The sedlmentary cycle wes concluded by the
- foundering of the region at a time varioasly estimated as
late Cambrian (Mawson #¥) or late Ordovician (Sprigg 1944),
during which the geocyclinal etructure with open folds '
developed.

#£ Mawson (1911, 1923) considers that the red granite area
of Mt. Painter 1s an early or mid pre-Cambrian complex and
thadt upon this eroded hasement there may be a second anc-—
ient sedimentary series which in turn is overlaln uncon-
formebly by Adslaide Series and Cambrian Sediments.: The
whole series underwent foldlng and intrusion by leuco-
granites (Mawson 1923, 1944) in the 1late Cambrian.

[l SN S



3, - Intrusion of red granite, and granitisation’
accompanied the folding. It is not known to what extent
the grenite intrusion enhanced the degree of folding av Mt.
Painter, The Thick Quartzite was probably domed into a
laccolith structure by the invading granite, but corundum
and -bicotite schists included within the centra’ igneous mass
atteet to a considerable degree of assimilation and stoping
of uanderlying arglllaceous horizons.

4, Late in the period of red granite 'intrusion'
there was o period of pegmatisation. -~ The pegmatitic mother
liquors apparently introduced the Fergusonite(?) and Monazite
of Radium Ridge. :

b, About Freeling Heights a white granite in-
vaded the Thick Quartzite. Magmatic stoping occurred on a
large scale, and intrusion was most active along an anti-
clinal structure, :

' The red granite is older than the white granite.
It is crushed and sheared and frequently has been gneiss-
iried. This gneigsifiication is not to be confused with
earlier sedimentary structures not wholly destroyed in the
procesees of (red) granitisation. The white granive is un-—
stressed.

Accompanying granite intrusion there was con-
comitant regional metamorphism of overlying sedimsnts.
Calcareous horizons overlying the Thick Quartzite- were decar-
bonised producing massive actinolite-tremolite.

The major faults of the area are post red granite.
The Mt, Saturday Radial faults are compressional faults with
small hade and wide crush zones. Occurring largsly in
slates and lime tones they apparently reclieved pressure after
intensified folding of the relatively '"competeni” Thick
Quartzite formation during red granite 'intrusion'.

The relationship of the white granite batholithic
, 1ntrusion to faulting has aowbere heen observed.

Post-dating the major fuultlng a seccnd phase of
basic intrusion (doleritic) took rlace. Volcanic necks
and plugs have penetrated the red grsnite, the oldsr basic
igneous series ‘and metamorphosed sedinicnts.

The red granite near the "Arm Chair" has bkeen
intruded by white light red pegmatites nlong lines of weak-—
ness,’ A second group of leucogranite pegmatites has in-
truded the crush zones of the Paralana series of faults,
The two groups of pegmatites may be genetically related.
Elsewhere along fault zones massive reefs of milky guart—-
zite outcrop prominently, and within the red granite area
magsive milky quartz intersects one of the newer basic
igneous plugs. The gquartz may represent a late pegmatite
phase,

Hineralisation is closely related to the red
pranite ‘'intrusion’. Deposits of coppsr, gold, bismuth,
antimony and tungsten minerals occur 001ef 1y qbouc the
marging of the red granite mass and practically alil such
~deposite are associnted with zones of ecrushing and fault-
ing., - Notwithstanding the association of metallic miner-
alisation with intrusion few ore minerals have been located
within the red granite. Uranium minerals are restricted
to the red granite and traces of copper have teen noted
there in several instances,
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6. The eycle of erosion that nay have been intro-
duced with the buckling of the geosynclinal sediments,
continued throughout the long period of acid and basic
intrusion and primary mineralisation. When epithermsl
processes were active the Mt, Painter area probebly had been
reduced to a8 base surface, Much uncertainty still exists
concerning the age of the Mt, Gec geodic quartz dcposlts,
Lead/urenium ratics made for age dcterminations indicates
torbernits formiiion in the late Ter:iary period, but other
evidence suggestis that the possibility of a greater age,
posesibly late 2aleeszoic, cannot be overlooked.

_Two erosion surfaces have been ildentified provis-
lonallly at 3,000 and 2,000 feet. The 3,000ft. level is
regarded as most ancient, The formaition of the oxidised
copper ores of Umberatana and the =.:zcocdary uranium mineral-
isation and epitheimal activity sbout Mt. Painter indicate
significant correlations with the two erosion surfaces.

The only stratigraphicael evidence available favours an 'age
for these secondary minerslization processes in the late
Pslacozolc or early liesozoic periods. However, if certain
premises are corrcct® urenium age determinetions indicate thst
at least some of the secondary wranium mineralization occurrcd
in' late Tcrtiary, _

» : )
The lead ursnium ratios have been made on sccondanry orecs
from leoched zones of the “ironstone" lodes, The lead

. sontent of such ores is gensrally low ond varies very

significantly, It is to be noted that cxperience has shown
that such ores frequently give quite unrcliable information on
which to base age determinaotions, Refercnee hos been mode

4n the "International Critiocol Tablies of Numerical Data,
physics, chemistry ond technology', (Vol. 1, p.382, 1926)

to certain of these difficultics a&as focllows:

"Low lead ratios have little significance on acecount
of the ease with which certain minerals abstract lead from
circulating nasural waters., The atenic weight of lead
should be dete"m1ned wherever possivle in order to make .
certain that the lead is of radiv~scltive origin, = In
general only primary minerals éerg suxtuble for age deter-—
minations. " ;
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"PRETF AC B

This section deals with and describes the specific
oceurrences of uranlferous minerals, their occurrence and any
development whlch hag been carried out on them. . Some of the old
workings are very small in extent, and after a preliminary exaim-
ination no further work was done on them, The principal work
was doné on N».6 Workings, Mt. Painter; and at Grecnwood's Camp
Area, East Painter. Except for the sinkine of some test pits
and shallow shafts on .the "Smiler" Greenwood and "Bentley"
Grecnwood, no testing was céarried out on any »f the other depos-
its. However, all the other o01ld workings were cxamined, and
ncw areas for prospecting were indicated.

The prcsent discussinn rcpresents final ¢oneclusions,
of which the various stagcs of deductinn hove becen given in
fortniphtly progress reports Nes.1l - 31 inclusive (July 24th
1944 to Sept.15th 1945); ,

Recently a paper "The Nature ané Occurrence of Uran-
iferous Mineral Deposits in South Australia™, by Sir Douglsas
Mawson, has been published (Trens. Royl. Soc.  Sth, LHust.,, Vol,
68 (2) 1944). In this paper Mawson summarises his knowledge
of the Mt. Painter depoeits, and it provided much valuable in-
formation for the present investigation.

Geiger Muller eurveys of the No.,6 Workines, the
Greenwood 's Camp JSrea, the "Smiler" Greenwond and the "Bentley"
Greenwood prospects were made and althouerh the results are
given in detail in Part IV »f this Bullcetin, it is qpproprlate
to refer briefly to their value to the peologlst

In various pl=ces, such as the N».6 Workings and East
Painter, the hematite brecc1ﬁ indicated higher radiocactivity
than the surrounding rocks, but it often showed no sign of torb-
egrnite or ather uranlfer)us minerals. This radiocactivity may
bec due to the presence of monazite, or of radium compHunds which,
being relatively insoluble, have been left behind when the uran-
iferous minerals were lcached by curface waters. In either )
case the radionactivity of the rock indichtes a hirher uranium
content than chemical methods discloses This discrepancy ex-
plains the differcnce between the uraniuwm content of various
depnsits as piven in iMawson's paper and ns found during the
present investigation, The uranium énntent as siven in Maw-
son's paper were determined electroscopically and so would be
hirgher than if they had been determined by chemical analysis.
In fact, it is gquite possible for a specimen to contain no
uranium- at all and yet to indlcqte qulte an apprecirble radin-
activity.

The reophysicists in this investisation calibrated
radionactivity arcainet known uranium content and were then able
to determine the uranium content of mine samples.

An investigation of the mineralogy and ore occurr-
ences was undertaken by Drs. Stillwell and Edwards and their
report is presented as the first report of Part III. It con-
tains a complete descriptinon of the mineralogy, and discusses
the origin of the deposits. The latter subject, however, is

controversial and several -possible explanatinns hﬂve been ad-
vanced. On this account the views of the field genlogists on
renesis are also presented in separate reports at the conclus-—
isn of Part III.

It is hoped in this way to portray the possible
mndes of origin of the deposits and the future prospects
associated with each of them. Althourh the supergene origin
is penerally accepted =as being the best one, present knowledge
ig insufficient to entirely discount the other hypotheses and
thus the limitations of the field cannot yet be strictly de-
fined on scientific premlses.
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4 Mount Painter Group.

A. Nos.1, 2 and 3 Workings, Radium Ridge.

by
C. J. SULLIVAN

" Geologist, Mineral Resources Survey.

(Plan 3197, Sheet 37, illustrates this feport).

—— oy T e, St S T T S

. Radium Ridge is a very prominent topographic feature
extendlng generally east and west for a distance of approx-
imately 2% miles. At its closest point it is approximately
1+ mile north of the Maln 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 & silicified zone, some-
what similar in appearance to the "Jaspers" of Western Aus-
tralia. Nos.1, 2 and 3 workings are located on this ridge.

(%) No.1 Working.

It consists of a costean 15 feet long and 3 feet
deep. "It is situated on an outcrop of hematite L5 ft. long
and 15 ft. wide. The hematite is of a very dense nature
and, is intergrown with quartz. It contains small quantities
of Fergusonite and traces of yellow uratium minerals. The
hematite may have had a different origin from that associated
with torbernite in the crush zones. .The deposit is thought
to be of little. economic importance.

(1i) No.2 Working.

This deposit 1s very similar to No.1 and there is a
costean on a hematite outcrop. The hematite is very hard
and dense and is 1ntergrown with queartz, Fergusonite and
monazite are present in places in considerable quentitles
(stillwell and Edwards 19L5).

(iii) No. 3 Working.

This deposit exposed by this working resembles the
usual type of torbernite occurrence associzcted with hema~
tite. . and limohite in a crush zone. The hematite and limonite
extend along the ridge for a distance of 200 feet and have an
average width on the surface of 30 feet. They appear to have
resulted from the replacement of & 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 1ehgth of 5

“to 10 feet. A small open cut has been made into this
occurrence ahd s shaft has been sunk from the end of the
open cut. At the time of the present examination, the

shaft was not accessible. Mewson (194L) states that =
crosscut off the shaft passed beneath the ironstone body
and revealed "weathered granite spangled with torbernite.,"

No further testing of this deposit was carried out,
as it wasg considered unlikely to produce more than very



small quantities of uranium ore with a grade not K less than
0.25% U30g. There is a close similarity between this deposit
and No.g Both are ferruginous cappings carrying traces
of torbernite and overlying weathered granite rocks contain- .
ing small amounts of that mineral. .

B. No.ly Workings.

by

Ced. Sullivan, Geologist, Mineral Resources survey.
(Plan 3208, Sheet 38 1llustrates this report).

(1) Ssituation.

This deposit is situated approximately 4 mile north
of the Main Camp on Mt. Gee Creek.

A steep ridge rises 150 reet -above creek level and
is cepped by two occurrences of hematite. The larger body
has a length on the surface of 260 feet and a maximum width
of 210 feest. The second body is 400 feet long by 80 feet
wide on the surface. . It séems likely that the hematite
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 guantities 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 formed by the replacement of a pink felspar
granite or pegmatite, An adit 15 feet in length has been
driven below the "ironstone'. It intersected soft gneissic
rock containing traces of torbernite coating planes of
schistosity and fracturing. No ore with a grade not less
than 0.25% U30g was exposed. o

Two steeply dipping shear zones containing hemea-~
tite, mangenese dioxide, quartz and biotite were also mapped.
A steep rock face, exposed in the creeck, reveals the iron
concentration decreasing rapldly from the surface downwards.
No uranium minerals wsre found in these dep051ts.

Along the creek in the western part of the =area
mapped there are three outcrops of unusual interest.
These consist for the most part of masses of pink gypsum
ncedles and quartz enclosing crystals of gypsum. Calcite
is found deposited on the gquartz. The mineralogy of
these occurrences is described in detail by Stlllwell and
Edwards (1945). :

Co No.h Workingse.

by

E.~Broadhurst, Geological Survey of South
‘ Australia.

This deposit is on the west side of Mt. Gee,
where a shaft sbout six feet deep has been sunk. The
deposit is associated with the epithermal quartz and hem=
atite which is characteristic of Mt. Gee. Torbernite
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oceurs as thin veins in brecciated zones. The brecciated
zones are most irregular snd no definite prospecting pro-
gremme could be laid out. In no place in this vicinity
did payable ore appear to have been found.

D.  No.6 Workings.

by

E. Broadhurst, Geological Survey of South Austrslia.
(Plans 31814-9 2951, 3176s 3179, 3175, 3183’ 31779
3180, 3178, 3182, 3185, 3193, 3187, 3196, 3190,
3481, 34188, 3189, 3486, 3201, Sheets 1 - 11, 114,
42 - 418 inclusive, 34, illustrate this rcport).

(1) ZLocation.

These workings are the most important at Mt.
Painter, and are situated on the east bank of Radium Creek
gbout a quarter of a mile south of the main camp.

(1i) Geology.

The predominant rock types in the immediate
viecinity of the ore deposit are bhanded gneisses. These
were originelly sedimentary rocks which have undergone var-
ious stages of granitisation, but from which the traces of
bedding planes have not been eradicated. Centres of gran-
itisation, or areas where this process has proceeded fur-~
ther than usual, are indicated by the presence of pegmat-
itic granite, :

] One of the outstanding features nesr the ore
deposit is the silicification of the gneisses, a process
which was described by Stillwell and Edwards (1945). The
greater portion of fhe silification occurs in thé southern
part of the mine area. Going north along the No.6 ridge
~there is a fairly sharp conteet between the gneiss and

silicified gneiss on the western side of the ridge, but
‘just to the north of the surface shaft the silification dies
out. On the eastern side of the ridge the contact is
rather indefinite and cannot be accurately fixed. The
definite western contact came on an E-W course to the south
of the mine, where its course changed to N-S along the
wegtern side of the No.6 ridge. In this portion, with
which the ore deposit is chiefly concerned, the silicific-
ation dies out rapildly in depth.

The silicification of the gneisses has resulted
in a number of rock types, ranging from a rock resembling
a quartzite to one resembling an igneous rock. - For mepp-
ing purposes the silicified gneiss was distinguished from
the banded gneiss by the absence of bedding planes, traces
. of which had been destroyed in the process of sillicific-
ation, .

In the vicinity of the ore deposit, extensive
brecciation has occurred. Brecciation is always confined
to the silicified gneiss, probebly 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 ferrug-
inous material encountered the breccim, it reacted with
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the matrix to give a hematite breccis, a rock consisting

of angular quartzite~like fragments in a matrix consisting
largely of hematite and felsper with the felspar often al-
most completely kaolinised.. In non-brecciated rocks; the
ferruginous material is confined to veins, a fcw inches
thick, in silicified gneisss These veins consist of heme-
tite with kaolin, and were evidently formed by the action
of the ferruglnous material on the gneiss along joint
planes, In a few places the ferruglnous material sseems to
have soaked into the enclosing rock, giving an 'argillaceous
ilronstone' traversed by veins of hematite rock.,

The matrix of the breccia varies in composition.
Specular hematite is present 1in nearly all of it, but the
nature of the material accompanyiing. the hematite varies.
Sometimes it is clayey, maklng 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 surface the hardening .effect on the clay and probably
some 'case-hardening' effect have converted the clayey to a
hard matrix, so that the former is rarely seen on the sur-
face.

The predominant strike of the hematite breccia
is NeE.-SeW., 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 ft. level. However, at the north-
ern end of the massive outcrop on top of the ridge the con-
tact with the silicified gneiss seems to have a N.W.-3.E.
strike. Actually, of course, there must be more than one
strike to allow the bulging of the hematite brecc1a 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 persistent of these is the 'lode channel', an 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 & bedding plane
in the banded gneiss, and which continued. through the silic-
ified gneiss and the hematite breccia. On moving away
from the contact with the banded gneiss into the silicified
gneiss and hematite breccia, the shear shows a tendency
to aplit into branches; due probably to the removal of the
concentration of shearing stress imposed Dby 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 formation of the hematite breccia.

It is more than possible, of course, that the stresses
which caused the shearing along the lode channel would also
cause the brecciation of the silicified gneiss, but against
this conception is the fact that there is no spreading of
specular hematite rock along the lode channel from the
hematite breccie, a phenomenon which would be expected if
the hematite were formed after the lode channel. The
difference of configuration of the hematite breccia pro-
jected on to the foot-wall end hanging wall of the lode
channel suggests that the shecring movement was pre-
breccieation,. However, the_ shape of the breccio is very
lenticular and it is guite likely that shearing would

oceur at any sudden change of thickness, and the config-
urations of the projections of the breccia on the lode eare
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confused by the complexity of faulting in the vicinity.
Bearing these focts in mind, it seems more likely that the
shearing occurred after the brecciation.

- (ii1) oOre Deposit.

The ore deposit is formed in the lode channel.
From the surface to a depth of 25 ft, it was reported that
there was a veiln 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;, and along a
length of cobout 25 ft., the main 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 dimensions.

 According to Mr. G.A. Greenwood, the ore con-
sisted of & breccia in which the matrix was autunite and

manganiferous ironstone, The frogments of the breccia con-
sisted of silicified gneiss. The manganiferous ironstone
is a prominent feature of the ore deposition. It can be

seen around the sides of the old stopes occurring along the
course of the various shear walls, and usually it forms ore
containing about 1% Uz0g. In the richest of the ore mined
during earlier operations apparently the autunite had re-
placed the ironstone, giving the ore described above in
which part of the matrix of the breccia consists of autunite,
Away from the main ore shoot the mangeniferous 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 mre often
frogments of this material in the crushed 'lode channel',
and these fragments usually contain flecks of torbernite.

The recent development on this deposit showed
that smell amounts of torbernite tend to occur near the
outer margins of the hematite breccia. Sometimes the
torbernite occurs in the silicified gneiss near its conteact
with the hematite breccia. When the torbernite occurs in
the hematite breccia, it is often as flakes in the JOlnt
planes of the fragments of silicified gneiss.

’ The rocks surrounding the main ore shoot are
very faulted. To the north, on the footwall of the main
shear the rocks show. practically no sign of faulting. To
the south on the hanging wall of the main sheer, where the

ore body occurrcd, & number of faults occur whose courses

are shown by manganiferous ironstone. Another significant
ature 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 hematité breccia. This "V" shaped

mass is 20 ft. wide at the surface and tapers to nothing

at the 50 ft. level, so that below this level the two

bodieg of hematite breccia hecome one. The shape of the

‘main ore-hody seems to have been largely controlled by

the shape of this wedge. In the open cut, the top of

the stope seems to follow not so much the main shear as

the silicified gneiss-breccia contact. At this point an

echelon structure of the main sheer occurs, and 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 shcars.

_ In consideribg the deposition of the ore-tody
there séems t0o have been two main factors involved. The
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first of these is oObviously the main shear. 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 influence the '"V'" shape of the silicified
gheiss and its much-faulted structure had upon the deposition
of the ore has already been discussed.

( _-\ 'hp.v_e.lQT‘ment-

The development ot tie mine was influenced throughout
by the stage of knowledge 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 breceia, and
there was little indication of the structure of the hema~
tite breccia. The initial examination revealed first, of
course, the association of the ore deposit with the main
E-W shear (lode channel), and second, the proximity of the
deposit to the contact of the banded gneiss and the silic-
ified gneiss and hematite breccia, which at that stage were
grouped together under the name of 'unbanded' rocks. A
development program was then laid out, 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 parallel lode channels by driving north from the
100 ft. level and continuing the 4100 ft. level south Portal.
Also diamond drilling was to be conducted north from the
100 rt. 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. However, torbernite had bheen encountered in one
of the diamond drill holes, so the drive was turned to this
point. Near the point where torbernite had been ¢ncoun-~

tered the drive branched, one branch going to the north in
accordance with the original programme, and the other to
the east to reach the spot where torbernite had becen en-
countered. This point was on the eastern margin of the
breccia, and it became clear that the flakes of torbernite
were connected with the edge of the breccia. Thus the
northern branch was sbandoned and the eastern branch more
or less following the eastern contact of the breccia was
continued. FFlakes of torhernite were encountered all the
way but the assays of the samples averaged only 0.07%

U308 with a maximum of O. 16% U308, The No.1 winze from
the 50 ft. level encountered a fair showing of torbernite
at its collar, but it passed almost immediately out of
this and continued on flakes of torbernite to a depth of
76 ft., passing to the south of the 4100 ft. level. On
the suspicion that the ore showing at the collar may have
had a flat pitch, an intermediate level (80') was driven
from - this winze to the east, but no values were encount-
ered although there were flakes of torbernite. No. 2
winze was sunk from the 100 ft. level on the footwall of
the lode channel, but for the last ten feet it was sunk
too. steep and the lode wall was to the south of the winze.
A crosscut was driven from the bottom of the winze through
the lode channel, which consisted largely of .a seam of

man ganiferous material asbout 1 ft. thick. - Towards the
end of the operations & drive was started north from the
50 ft. level to cut any possible parallel lode channels

in the hematite breccia near the surface, but all the
drive showed was the oeccurrence of torbernite fleskes near
the contzct of the breccia.

A surface shaft was sunk on an outcrop of hematite
breccia where a slickensided shear end a Ceiger-Muller
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'highf coincided. In the first six feet this shaft>passed
out of ironstone although the wall continued. The shaft was
continued on the shear to avdepth of 48 ft. and gbandoned.

Altogethser seven diamond drill holes, totalling 1249
feet were drilled. The first hole from the 100 ft. level
was elmost due north (grid north) and horizontal.  The
second was on the same line but depressed at an angle of
221°. These holes passed into banded gnelss at about 50 Ft.
and so two holés farther to the sast were fixed. No.3 hole,
horizgzontal, was in hematite breccia for most of its course
and several flakes of torbernite were seen in the core.

No.5 hole was drilled to the east from the same set-up to
test any recurrence of hematite breccia. No.6 hole was
designed to cut the hematite breccia near the water-levels
With a drill of limited capecity cnd the behaviour of the
breccia at depth uncertain, the hole was awkward to design.
The hole passed through kaolin for one foot from 199 to 200
feet which evidently represented the downward continuation
of the main shear. “No rock similar to the hematite breccia
was encountered in the hole, but from 238 ft. to 256 ft. some
- brccciated silicified gneiss with hematite veinlets and
kaolinised felsper was met. This rock may represent the
downward continuation of the hematite breccia.

No. 7 hole was drilled in pchb of continuing the
50 ft+ level north drive. , :

(v) Future Development.

The origin of the dcpoSit has been discussed fully

clsuwhere in this bulletin (Browdhurot 1945).. The probab—
ility of o payable ore-body occurring dcpends on the origin
of the deposits. It will be seen there arc geveral poss-

ible explanations of the origin of the deposits.' All of
them are connccted with the hematite breccia, and an ex-
ploration in depth of this feature seems to be more -important
than even the exploration of the main shear. =~ However, none
of the prospecting programmes are very attractive, since 1t
is only one possibility in many that the hematite breccia

is the oxidised portion of a payable uranitim lode which
would be encountered below water level, with perhaps some
enrichment at the water level. Owing to the irregular
slope of the bréccia, the holes would have to be closely
spaced, and it 1s estimated that 8-10 holes totalling
3,000~14,000 feet would be necessary to trace the breccia to
water-level, if it persists as far as that. The failure

of the No.6 diamond drill hole to strike a hematite breccla
definitely similar to that near the surface was discourag—
ing. Altogether, future development on this deposit is not
attractive, and certainly nothing should be attempted until
~drilling has been carried out on some East Painter deposits.

(vi). Results of Sompling.

The sampling on these workings revealed that there
was some possible ore from the following sources:-—

Dumps. In the dump between the 25 ft. and 50 ft.
levels, there is about 100 tons of mqterlal con-
taining 0. 36% U308.

Stope Filling. In the stbpu between the open cut
and the 50 ft. level, there would be about 50 tons
of about the same grade as the dumps.




Ore;
and would be difficult to extrarct.

Some ore has been left on the side.of the stopes,

There would not

be more than 50 tons containing about 0.4% Uz0g.

Mount Painter No.6 Workings.

Tables of Sampling Results.

SURFACE
Sample Position Length | Gelger|Assay | Type of
No. Feet | Muller|%UsOg | Samples Remarks
Dump A Surface - - 0.36 Bulk Fine dump between 25 and
(Fine) dumps 50 feet levels.
Dump A " - - 0,186 " Coarse dump between 25
(Coarse and 50ft. levels.
7o " 0,04 " Dump between 25ft. level
0.02 and brace.
71 " 0.05 n Dump at south of brsace.
70 " 0.05 " Dump east side of ridge
0.05 below costean.
69 " 0.04 " Dump below Sample No. 70
68 Surface 5.0 0.27 [Channel}Cut above open cut.
0.13
67 " 4.5 0.04 " "
66 u 4.5 0.02 y K
0.10
65 " 5.0 0.07 " "
O.17
64 " 5.0 0.12 " "
0.07
63 " 5.0 o.o2 | " "
' 0.05 "
62 " 5.0 0.03 " o
0.04
61 " 5.0 0.05 " "
0.02




25 PT. LEVEL AND OPEN CUT

0.02

Sample Position] Length]Geiger Assay | Type of
No. Feet |Muller | UzOg% |samples Remarks -
@ = Open 1.1 1.44 |Channel
Cut 0.56
54 " 5.0 1.10 "
1.11
35 " 5.0 0.15 1"
0.17
36 " 5.0 0.07 n
37 " 5.0 0.15 "
39 25 ft. 5.0 0.16 n
Level 0.21 '
40 " 5.0 0.11 "
0.08
41 . n 5.0 0.02 "
' 0.06
42 " 500 nil "
0.03
@ i3 " 3.0 0.04 "
nil
44 West 4.0 ©.18 "
drive 0.053
EAST ADIT
Sample Position| Length|Gelger Assay | Type of
No. Feet [Muller | %Uz0g | sample Remarks
1 Wall of 10.0 0.02 | Channel
2 Adit 10.0 0.02 "
0.04
S " 10.0 0.03 "
’ 0.06
4 " 10.0 0.04 "
0.04
5] n 10.0 0.01 "
, 0.0l
‘ 0.03
6 " 10.0 0.02 "
0.005
7 " 10.0 0.03 "
8 " 4.4 | 0.03 0.04 "
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32 FT..SUB-LEVEL

Sample |Position | Length | Geiger | Assay | Type of '
No. ~ Feet [|Muller | %#Uz0g | sample . Remargs
73 1 . 3.0 0.38 | Channel | On lode
| , ‘ : 0.36
73X 3.5 0.0%7 " On mullock on footwall
n 0.10 o
74 2.0 . 0.31 " | on lode
_ 0.32 :
74% ' 3.0 o 0.04 " Mullock on footwall
: 0.03
75 ) 2.0 0.0%7 " On lode
: - 0.02 _ _
75% 3.0 0.04 L Mullock on footwall
p 0.02 : :
76 2.0 | 0.04 " 1 0on lode
1| o.07
76X N 3.0 tr. " Mullock on footwall
0.05 .
@ ‘
77 . 3.0 , 0.03 " On lode
' tr. . :

RISE ABOVE 50 FT. LEVEL

Sample Posltion | Length | Geiger | Assay | Type of . _
No. , Feet | Muller | %Uz0g | sample’ Remarks
1 ' 3.0 " 0.02 | Chip
2 : 3.5 | 0.01
8 4.0 . 0.02
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50 FT. LEVEL
Sample { Position Length | Geliger | Assay | Type of R %
No. Feet |Muller| %Uz0g sample emaris
9 Main 3.9 0.01 | Channel "
. drive.
10 " 3.6 0.20 "
11 " 4.1 0.02 "
nil
21 " 5.4 0.06 "
0.01
22 " 5.6 0.02 "
0.02
80 " 4.0 0.25 i Floor sample.
0.13
81 " 4.0 .03 - n " "
: 0.13
82 " 4.0 0.15 n " "
0.13
28 " 3.9 0.49
0.49
&0 " 4.7 0.40
31 " 4.4 0.04
0.06
12 S.W.Cross- 5.0 0.09
cut 0.15
13 " 5.0 0.01
0.08
14 " 5.0 0.04
0.05
15 " 4.4 0.08
0.03
16 " 5.0 tr.
0.01
17 " 5.0 0.01
0.01
18 " 5.0 0.06
i 0.01
®
19 S.W.Crogs- 5.0 0.09 |[Channel
cut 0.02
20 " 6.5 0.08 "
0.02
23 South 5.0 0.16 "
Crosscut 0.09




- 12 -

50 FT. LEVEL

Sepple [rosision [Lengen [aciger [ asey. | Type of omarks
24 South 5.0 0.02 Chennel
Crosscut 0.01
25 " 5.0 0707 "
0.03
26 " 5.0 0.02 "
0.01
27 " 4.0 0.07 n
0.02
29 South 6.5 0,32 "
cuddy
1 " 2.0 0.30 chip Check sample
2 " 2.0 0.09 " "
3 " 2. 0.07 " "
10 North 3.0 bulk
drive
9 " 3.0 "
® = " 3.0 "
7 " 3,0 "
6 " 3.0 "
5 " 3.0 "
4 " z.0 "
3 " 3.0 "
2 " 3.0 "
l-b " 3.0 "
1A " 3.0 tr. "
2A " 3 nil "
3A ." 3 tr. "
4h " 3 .1% "
5A " 3 tr. "
. 6A " 2 nil "
74 " 5 0.05 "
- 8A " 5 0.01 "
94 " 4 0.03 "
104 " 3 tr. "
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50 FT. LEVEL

Sample | Position | Longih | 0918eT | Sisoy | Bempie Remarks
114 North 3 1 0.03 Bulk
‘ Drive

124 " 2 0.05 "
134 " 2 0.27 "
144 " 3 0.08 "
154 " 2.5 0.12 "
168 " 2.5 0.10 "
174 " 3 0.10 W
184 " 2 0.10 "
198 n 3 0.1%7 "
20A L 3 0.04 "
21A " 3 0.03 "
224 " 3 0.03 "
2348 L 4 0.06 u
24p " 5 0.08 "
254 " 2 0.04 "

® .. " 3. 0.10 "
27 " 3 0.04 "
28A " 4 nil "
294 " 3.5 tr. L
30A " 3.0 tr, "

NO. 1 WINZE

1 3.3 ©0.03 Chip
2 1.6 0.03 "
3 3.0 0.03 "
4 5.7 0.04 "
5 4.0 tr. "
6 4.0 tr. "
7 6.0 0.06 .

® 8 6.7 0.03 "
9 4.4 tr. "
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NO. 1 WINZE

PRIl 1.0 | tr. Chip
11 2.7 ) nil "
12 ' 2.7 tr. .o
13 5.0 tr, "
14 4.0 nil. "
15 2.8 : . onil. n
16 4.2 nil. n
17 3.6 tr. o
18 ' 4.8 nil. "
19 ' 4.7 tr. "
20 10.0 0.02 "
21 4.0 0.02 "
22 4.0 0.02 "

@ 4.0 - 0.02 oo
24 4.5 -~ tr. "
25 ' 4.0 0.02 "
26 - 3.5 0.02 "
27 3.5 tr. "
28 3.5 ' 0.01 "
29 V 3.5 _ nil "

| 80 FT. SUB-LEVEL

1 4.7 < 0.1% » Chip
2 4.7 " "
3 540 " "
4 4.2 " "
5 4.0 " "
‘.6 3.9 " "
7 4.3 " "
8 3.9 " "
g 3.9 about 0.02 "
‘ 0.1% '

10 4.0 < 0.1% "
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80 FT. SUB~LEVEL

Sample | Positlon Length | Geiger Assay Type of
No. Feet |Muller | %UzOg Sample Remarks
11 3.6 <0.1% 0.02 Chip

@ 1 3.4 " "

13 ) 4.2 about 0.02 "
0.1%
14 3.9 " - 0.03 "
15 3.9 " 0.02 L
16 3.5 |> 0.1% 0.07 o
17 3.3 about 0.02 | "
0.1%
18 2.2 " 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 " 3.2 0.04 "
tr.
@ " 3.6 0.03 "
0.01
58 " 3.2 0.01 "
' 0.01
59 " 3.4 tr. "
0.02
60 L 3.8 0.01
v 0.03
1 " 3.3 tr. Chip
2 " 3.3 tr. "
3 " 3.5 tr. "
4 " 4.5 tr. "
5 " 5.0 tr. "
6 " 4.7 tr. "
7 " 4.0 tr. W
8 " 5.0 tr. "
® " 3.7 0.02 "
10 " 3.8 tr. n
11 " 3.3 0.03 "
12 N, 5.0 0.03 " Wall sample

drive




100 FT. LEVEL - SOUTH PORTAL

- 186 =

Ssmple | Position Length Gelger Assay Type
No. Ft. Muller. | %Uz0Og Sample Remarks
13 N.W. 5.0 0.06 Chip Wall sample

@ Drive :
1 " 3.1 about 0.02 "
0.1% ‘

2 t 3.6 t O '07 1t

3 " .7 <0.1% "

4 " 3. gbout 0.04 "

: 0.1%

5 " 3.8 <0.1% "

6 1] 4 _2 n 1]

7 " 3.8 n "

8 " 3.9 " Chip
9 " 4,2 " "
10 " 3.7 n "

1l " 3.8 nil "
12 " 3.2 " "

- 13 " 3.7 " n
14 " 3.8 " n
15 " 5 07 " "

16 " 4.0 " "

17 " 4,2 " "

lOO PT. LEVEL
48 Main 4.8 tr. Channel
Drive 0.03 '

49 " 4.9 o.06 |

49X " 3.4 0.04 "
, 0.02
50 " 4.6 0.05
0.08

51 n 3.3 tr. i
tr.

@ 52 " 3.0 tr. u

' 0.01 ,

53 " 3.3 0.04 "
0.04
47 South 5.0 0.03 "
cross- 0.03,
cut -




- 17 -

100 FT. LEVEL

[a9]
[AV]

ol e B e I e
46 ' South 5.0 nil Channel
» Cross- nil
\" cut
45 " 5.0 nil "
nil
1 N.E. 7.0 nil "
Cuddy 0.03
2 " 4.0 0.12 L
0.06 . :
1(a) |North 5.0 tr. Bulk
Drive
2(=) " Nil "
3(a) " . nil "
4(a) " . nil’ "
1 " . nil " Chip
2 " . nil "
3 " . nil "
) n nil "
5 " nil "
® | . R :
7 " nil "
8. " nil "
9 -u . nil "
10 " . nil "
11 " £ 0.1% "
12 " Y nil "
13 o nil n
14 " . nil "
15 " | g "
16 n nil "
17 " . nil v{
18 " . tr. "
19 " 4.0 < 0.1% "
® " 4.8 " o
21 " 5.7 " "
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100 FT. LEVEL

Sepple | Position | Lgnein | SOIEST | boss | THemelt
i 1X North 3.0 tr. Bulk
Drivse
N.Branch
2% " 3.0 {0.1% "
3X " 3.0 " n
ax " 3.0 tr. "
5% n 3.0 nil "
6% " 3.0 tr. "
7X " 3.0 nil "
1A " 3.0 nil "
2A " 3.0 nil "
3A " 3.0 nil "
4A " 3.0 nil "
@ 5A n 3.0 nil "
6A " 3.0 nil "
18 North 4.0 < 0.1% Chip
Drive
E.Branch
24 " 4.0 <£0.1% "
34 " 4.0 <0.1% "
4A " 4.0 0.05 "
SA " 4.0 0.01 "
6A " 4.0 0.02 "
A " 4.0 0.06 "
8A " 4.0 0.09 "
98 " 4.0 0.12 "
104 " 3.5 0.16 "
o 114 " 3.5 0.05 "
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NO. 2 WINZE
Saﬁg%e Position ngggh ﬁii%2§ %%gggy ng;pig Remarks

1 4.7 0.02 Chip
1(a) nil "
2 4.2 .hil "
3 4.0 tr. "
4 3.8 nil "
5 4.1 nil "
6 3.7 nil "
v 4.0 ‘nil "
8 3.9 nil "
9 4.2 nil "
10 3.8 nil "
11 3.5 nil "
® 3.7 " nil "

150 FT. SUB-LEVEL

1 W.Drive 3.0 nil Bulk
2 " 3.0 nil "
1A S.Cross- 3.0 0.03 "

cut
24 " 3.0 0.04 "
3A " 3.0 0.03 "
44 " 3.0 0.02 t
SURFACE SHAFT
Depth
Ft.

1 6 5.0 tr. Chip
2 9 5.0 nil "
" 3 12 4.0 tr. "
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(vii) Diamond Drill Logs.

0y - 21
21 - 357
351 - 521
521 -101'4"
1011 4"~ 1541
154t - 159!
1591 1871
187! - 201°¢
o' - 10
10" 11'6"
11'6"- 131
131 14!
141 - 17!
17' - 20!
201 231
231 - 251"
2516"- 271
271 281
28t - 321
321 351
351 43
430 461
46 60"
60" 631

- Banded gneiss.

Diamond Drill Hole No. 1

Fine Hematite breccia, felspathic fragments.

Specular hematlite and kaolin. . At 35' 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 with
some slickensides. . i

At 52f%t. " many slickensided faces and rock 1s broken;
probably fault plane. .

Rocks richer in mica, occurring in parallel bands
probablf hended gneiss. ) {

At 73ft. small guartz vughs with flecks of
torhernite (small core recovery).

At 328ft. - 1ft. of silicified gnelss.

At 92f%. brecciated rock with seams of quartz
crystals.

: (Banded gneiss shows signs of injection of igneous
material, from thin veilns to those 1ft. wide.)

Bancded gneiss with injected. igncous material and much
biotite.

At 110f{t. lin, seam of clay..

At 125rft. about 6in. of clay with slickensided
surfaszca: probably a shear.

‘At 128f%. 1in. of clay.

‘Siliceous ferruginous breccia inJocted with rmuch

igneous mgtorial

Kaolinised pegmatitic graniﬁe;ﬂ

/

Holec completed at 201°'.

Diamond Drill Hole No. 2

Siliceous breccia.-
Argillaccous ironstone.
Kaolin and specular hematite,
Siliceous breccia.
Argilleceous ironstone.
Siliceous breccia.

Hematite breccia.

Siliceous breccia.
Argiliaceous ironstone.
Kaolin and specular hematite.
Silicecuz breccia. i’ S
Hematite breccia. . ’

Crush zone of kaolin and fragmented rocks.

At 43!t probable wall.

Silﬂclxzed gnelss.
Banded gnelss injected with much igneous material. -

Mainly granitic injection gneiss.

;



65"

o!
41
11

- O1
551

45!

521

110!
1204

~161'S

- 112 .9n

- 11
- 31!

- 351
- 45!

110!

- 12074"
"-161'5"

".16319"

163'9%- 200!

200!

O'

31
8'6"
138"

156" -

241
281

- 22 11

- 8'6"
- 136"
- 15"
241

2g!
32t
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Banded gneiss with. varying amounts of injection
averaging about 50% 1gneous material

At 87f%t. possible shear.
At 106ft. quartz 6in. wide.-

r

Hole completod atill2on
Diamond Drill Holsc No.3

Siliceous breccila

Siliceous breccia.
Hematite

At 241" and 26' flecks of torbernite.

Siliceous breccia.
Hematite breccia.

s

At 44' torbernite seam abour 1/16" thick.
Brecciated quartzite.

At 45'-48' torbernite flecks through core.
51!'-52' slickensided faces with torbernite.
Probable. shear at 52°!'.

Hematite breccia. Breccia much firmer and much _
more complete replacement by iron than before,:
in places appearing entlirely hematite. .

52f-55' glickensided faces wiﬁh torbernite.

At 80' hole aldong joint with torbernite.

At 90'2"™ torbernite flecks and vesicular texture.
Possible shear.

At 97' 1ft. of sheared quartzite with torbernite

along Jjoint plane.
At 107' slickenside with flecks of torbernite.

Hematlite breccia, development of hematite as intense

as above.
Hematite breccia showing about 20% kaolin.

’

At 133'!' sulphide stain.
147'-149" some glickensides with small quartz

vughs.

Silicified gneiss, rather slickensided. Possiblec .
shear. ' :

Breccia with specular iron and fine grey’ground mass.
At 198' and 200' about 4" &6f silicified gneiss.

Mainly hematite breccia, with bands,raverage width &"
of silicified and biotite-rich gneiss.

Hole completed at 2211'11"

Diemond Drill Hole No. 4

Hematite breccia

Siliceous breccla.

Specular kaolinitic hematite breccia.

Silicified greiss with vughs filled with mammillary

quartz.
Alternating silicified gneiss and specular kaolinitic
hematite breccia. At 236" torbernite along Joint.

Sillcified gneiss.
Mixture of hematite and Slllleled gneiss,

At 28ft. small amount of torbernite along joint.



32! -
58'6"
5916"
64!
69!
70'6" -
72

79! -
80!
816" -
105" -
105'6"-
10714"-

o -
51 -

916" -
126" -
14! -
15" -

27t -

29t -
316" -
331 -
341 -

35! -

37! -
3g16" -
43! -
441 -
451 -
48" -

" 80! -

ézvs"'-
831 -

ot -
100" -
103' -~
194 16"~
199' -~
200' =~
238 -

246" =~
256" -

279! -~

H-T 0

80!
gL'e"
105!
10516"
10714"
115"

5t
61!

’ gigh
126"
14
151
271
291

316"
33!
341
351

371

38160
431
441
451
481
60!

ezren

83!
100!

100!
103!
1941'6"
199!
200!
238!
246!

=561
2791

29041
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"Slightly brecciated silicifiod gnoiss.

Hematite breccifa. .
SlL&leled gneiss.
Hematite breccia.

Siliceous®breccia.
Hematite breccia.

* S1liceous breccla with biot*te flakes

Hematite breccia

Silicified gneiss.

Hematite breccia. At 88'6" torbernite along joints.
Silicified gneiss.

Hematite breccia.

Hematite breccia with both clayey and dense henatite.

matrix. At 115' ferruginous guartzite.

Hole abandoned at 115'1" on account of caving
ground.

Diamond Drill Hole No. 5

Silicified gneiss.
Soft hematite breccia.
Silicified gneiss.
Hematite breccia.
Silicified gneiss.
Hematite breccia.
Silicified gneiss.
Hematite breccia.

At 27ft. angle of contact about-30°.
Considerable clay near contact.

Silicified gnelss.

Siliceocus breccia.

Silicified gneiss.

Decomposed pegmatitic granite (?)
Clay and decomposed iron ore.

Biotite rock, Biotite at 30° to hole.

Hematite breccia.

Silicified gneiss.

Soft hematite breccia.

Silicified gneiss.

Much sheared silicified gneiss.

S1licified gneiss with biotite bands and sheared
in placss..

Reddish brecciated rock with blebs of iron ore up
to " diameter.

Siliceous breccia with some biotite.

Silicified gneiss with occasional gquartsz vughs and
biotite rich bands.

Hole completed at 100!

Diamond Drill Hole No. 6

Banded gneiss.
Clay mineral with manganiferous ironstone

Banded gneiss.

Ferruginous and biotite-rich sheared gnelss.

Kaolin, probably fault material.

Gneiss, showing various stages of granitisation.
Silicifiled gneiss, veined with hematite and with
kaolin in vughs."

Brecciated gneiss with kaolinised felspar and second—
ary hematite. -~
Silicified gneiss with con31derable biotﬁte and veins

of kaolin.
Sllicified gneiss, only occaslional veilns of kaolin
and small proportion of biotite. i

kA



294!

O!
141
16!
281
46
551
581
136!
142
1471

(1)

(11)

(111)
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- 330'8" Gneiss, rather silicified with local developments
of biotite, Some hematite velnlets.

Hole completed at 330'8",

Diamond Drill Hole No, 7

- 14 Hematite breccia.

- 16! Breccilated silicifled gneiss, ferruginous matrix.

- 28! Silicified gneiss.

- 46! Brecciated silicified gneiss, ferruginous matrix.

- 557 Mixture of lamprophyric rock and sillicified gnelss.
- 58! Brecciated silicified gnelss, ferruginous matrix.

- 136! Hematite breccla. :

- 142! Chiefly silicified gneiss with some hematite breccia.
- 147 Hematite breccia.

- 167111" Brecciated pegmatitic granite.

Hole completed at 167'11".,

E. No., 7 VWorkings

_ by -
E. Broadhurst, Geological Survey of South
Australia.
(Plan 2997, Sheet 19 illustrates this report)

Location

The No, 7 Workings are situated on the spur to the west of
the No. 6 Workings, on the opposite side of Radlum Creek
belng about 500 feet from the creek.

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
1s contorted and shows evidence of much movement.

Workings

The main workings are on top of the spur, consisting of a
costean across the top of the 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
costean had been cut, dipping to the wost at about 80°. At
a depth of 30 feet the shear becomes indistinct. At a depth
of 20 feet from the surface a drive was extended 11 fceet
along the shear, and at the bottom of the shaft a cross-cut
was driven 10 feet to the west,.

The bottom of the shaft was cleaned out and examined during
the recent opsrations, but the whole of the bottom level
consists of normal gnelss.

At the north end of the costean a shaft 11 feet deep has been
sunk, and a small heap of ors containlng torbernite has been
obtaincd 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 one foet in width,
contalning torbernite.: The torbernite apparently was
confined to the manganiferous ironstcne, which occurrcd in
zones of contorted gneiss, ’ '
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800 feet to the scuth of the main No. 7 shaft, there is
an occurrence of uranium cre which was worked in open cuts on the
face of a bold outcrop. These workings were kXnown ss the Minerva

- Heights. Between the main N,. 7 shaft and the Minerva Helghts
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. The torgernite was assocgiated with a strong
shear planc striking at 100" and dipping 8o° N, along the course
of which manganifercus ircnstone cccurred. As with the No. 7
werkings, the torbernite was assoclated with the manganiferous
ironstone. Only odd specimens can now be seen.

F'e. No.8 Workings

Ly

C.J. Sullivan. Geolegist, Mineral Resources
Survey

(Plan 3215, Sheet 39 illustrates this report).

(1) Situation.

This prospect is situated approx. 20 chn. north of the Main
Camp.

(11) Geology and Workings

Torbernite was discovered in a sheared zone in granitlc rocks
very little hematite being present. The zone varies from 5 to
10 feet in width and has an east-northeasterly strike. The
tcrbernite is not asscciated with hematite nor with a particular
crushed zone. The zone has becn tested by means of open cuts
3 to 8 feet in depth cver a length of approximately 150f%t.
At the eastern end of the zone, a shaft has been sunk to a
gepth of 40 feet and a drive from 1t'extended for a distance of
0 feet to the wezt along the shear zone.
The workings were carefully inspected bwut traces only of
torbernite could be found. Fcur samples cut from the most
promising looking places assayed a trace of uranium cnly.

There are intrusicons of pegmatite in clese proximity to the
occurrence and from observations made elsewhere, it 1is
considered possible that the uranium was derived from these
Intrusiva rocks. It may have been carried into the sheared
zone by ground waters.

G. Locality '"g"
by
R.C. Sprigg, Geclogical Survey of South
Australia.

Extensive outcrops of "ircnstone" are located on the
western extremities of Radium Ridge at a locality marked "G" on
the geological plans. They occur within a zone of crushed granitic
rcck. The main "ironstoge” formation is more or lesssemi-circular
in plan and dips at 30-40  to the east towards a centre, in a manner
suggestive of a cone dyke. Tabular outcropping masses of the
"ironstone" are preserved on steep slopes with which they conform.

Gelger Muller "highs" have been recorded in several
instances on the novthern and western extremities of the formation.
They are all located at pcints of maxinum elevation within the :
ironstone mass. The hematite i1is the main constituent of the "iron-
stone" body and has a more massive form at the G.M. "high" pcints,
It has a manganiferous coating at the surface,.

Ne uranium mincrals were noted in the "ironstone" and it
is not known whether monazite is present.
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H. Locality "J"

by

R.C. Sprigg, Geological Survey of South
Australia.

Mt. Painter 1s a centre of extensive crushing and on
its south-western shoulder there 1s a large mass of wughy quartz
and siliceous ironstone which is known as locality "J" and marked
as such on the geological map. There 1is 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 minerallzation was
discovered in a short visit to the locality, Mr, W. B. Greenwood
1s reported to have found torbernite in this arsea.

2. EAST PAINTER GROUP

>A. General Statement

. by
E. Broadhurst, Geological Survey of South Australia.
(Plan 2949, sheet 20, 1llustrates 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 carniping 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. Painter) between them and their distance apart
by road is 50 miles,.

Previous to the present investigations, there were some small
workings known on the ecast field as 1lE, 2E, etc. These workings
were all small, smaller than the Mt. Painter workings.

Previously the water supply had been a major difficulty, but
with.the construction of the road and the striking of a water
supply in the bore at the mouth of the East Painter Creek gorgs
this difficulty was overcome. Most of the work done in the
present investigation was on fresh deposits found in the Green-

woecd's Camp aresa,

(i1) Geology (East Painter or Greenwood!s Camp area)

The rocks 1in this area consist of sedimentary gneisses and their
brecciated and granitised remnants. The readings of the 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 1s meant that
certain beds, or groups of beds, have yieldod more easily than
others to brocciation, so that the contact of the brecciated

and unbrecclated rocks follows the strike of the bedding on the
surface. This is particularly clear in the gully containing the
Nos. 1 and 2 Workings,where a bed 60 feet wide is brecciated and
replaced by hematite, between two fairly massive beds of gneiss
which show only minor brecclation.

The breccia shows all stages of replacement by hematite, from
practically hematlte-free breccla to rock consisting almost
entirely of hematite. The occurrcnce of hematite 1is very
irregular, and the breccia ricéh in hematite seems to occur in
scattered disconnected area,

The area, mainly in the brecciated zones, 1is traversed by a
systom of shears which show up very prominently as ravines
passing across the cliffs of breecia, or on the sides of the
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outerops forming cliff faces. Usually a vein of mangan-
iferous ironstone, about 1ft., 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. -
- S5.BE., E.-W,, and N,E.-S.W. Probably these groups represent
different periods of stress to which the area was subjected.

While the workings will be considercd individually
later, it is convonient to consider their reclation to the
general geology at thls stagse, All the occurrences of
torbernite are associated with the breccia, Curiously,
the best showings of torbernite do not seem tc be in the
main outerop of the breccla. Gelger Muller surveys over
the mein outerop have shown radicactive 'highst which
generally coincide with thc more intense dcvelopments of
hematity. Napping over the outcrops generally roveals
occasional flakocs of torbernite over thesc 'highd'. The
principal discovery of torbernite is in the No. 5 Workilngs,
which ovvur on a shear striking at 345°, and is Just at the
foot of the clipp forming the maln outcrop. In these
workings the torbernite is associated with the shear planes.
The Nos. 1 and 2 wecrkings are of a different nature, and
occur in a bed of hematite breccila between granitised
sediments. Here there are no shears and the flakes of
torbernite are present 1n t'leached cavities' and along .
irregular joint planes in the hematlite breccia formatlon.
At the surface these occurrences are very irregular,
although the hematlte breccia is uniform.

(1ii)Geiger Muller Survey.

A Geiger Muller survey was undertaken in tho Green-
wood's Camp Area. One portion of this survey was 1in the
gully containing the 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 c¢liffs of breccla to the N.E, of Grecnwood's Camp, and
the twelve points showing the highest radiations were marked.
A detailed description of the survey 1is given in the section
of this bulletin dealing with the geophysical investigations,
but it is convenient to give here a table showing the geo-
leogical descriptions of these twelve localities with their
'radiation equlvalents' and actual contents of UzOlg.

% U308
Locality Geological Description Geiger Chemical
Muller Assay
Estimte
G.M. 1 Near shear, strike 30° and dip 75°E. £.0.1 Nil
Dense hematite with boxwork cavities and
very occaslonal flakes of torbernite.
G.M. 2 On c¢lift face in cave. Brecclated graniti-
sed sediments, with small propcrtion of 0.11 0.16
hematite In matrix. Some veins of sclid
hematite with manganese minerals pseudo-
morphs.
G.M. 3 On same shear as G.M. 1. Similar rock to G.
M. 1 Ncte-Between G.M.1l and G.M.3 brec- 0.031 0.01
ciated granitised sediments oscur.
G.M. 4 Small irregular veins, up to 1ft, wide, of
dense hematite with numerous boxwork cav- 0,023 ~ Nil
ities. In brecclated granitised sediments
with manganiferous facings,
%) -
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% Uz0g
Geil h
Locality Geological Description ier [hegaest
. Estimate
G.M. 5 An outcrop of granitised sediments with
manganiferous ceoating. Hematite breccila £ 0.1 0.02

G.M.
G DMQ
G..M.
G.M.

G.M.

G.M.

within 5ft., with manganese replacing some
mineral, possibly magnetite.

6 Irregular replacement of brecciated granit- )
ised scdiments with hematite, which con- <.0.1 0.01
tains numerous boxwerk cavities and scme
torbernite flakes.

7 )| All in breccilated granitised sediments 20401 0.04
8 )| being replaced by hematite. The high 2 0.1 0.02
9 ) points seem to depend on the amount cf = 0,036 0.03
10) replacement by hematite. 0.14 0.20
11 More intense replacement of brecclated

granitised sediments by hematite than

G.M. 7 - G.M. 10. Some torbernite flakes 0.036 0.03
and bexwork cavities. :

12 Granitised sediments with little brecciation
and cnly small amount cf alteration by he- 0.018 | 1Nil
matite. Ne: distinctive geclogical features
from surrounding rocks.

NOTE : " 0.1 signifies less than 0.1l per cent but not
accurately determined

B. Nos. 1 and 2 Workings, Bast Painter (Greenwood's)
Camp
by

E. Broadburst, Geological Survey of South Australlsa.

(1) Description

Up the length of the gully formed by the brecciated bed betweecn
twe prominent outcropping serles of beds, there are a nurmber of
torbernite occcurrences which are grouped as Nos. 1 and 2 Workings.
One group of occurrsences is near the becttom of the gully and is
known as the No. 1 Workings, and another group, hear the top of the
gully, is known as the Nc. 2 Workings. The surface workings are
2all small, the deepest shaft being & feeot. The majJority of the
workings are merely pot-holes formed by a few shots belng fired to
disclose the nature of the rock on the surface. Other pot-holes
were formed by removing the surface scil tc expose the underlylng
rock. An adit, 50 fest in length from the portal, was driven
underneath the No. 1 Workings.

The torbernite occurs in two forms:

(1) As 'leached cavities', which are boxwork cavities in dense
hematite ironstone breccia. A series cf speciments of these.
leached cavities were examined by Stillwell and Edwards (1945)
and their coenclusions 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 the cavity, thus making
a boxwork structure. The torbernite boxwork near the surface
becomes replaced to some extent by limonitic or phosphatic mat-
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.

(11) As 'torbernite paint', which is sometimes thick enough to be
described as thin seams. This terbernite occurs along joint
rlanes principally in the ircnstone.

There is probably no material in these occurrences which can be
regarded as ore. Howsever, if all the leached cavities had originally
been occupied by torbernite, the unleached material would probably be
payahle ore. Por this reason the deposits are worth further

investigation.

A disturbing feature of these deposits 1s the size of the out-
crops. = The outcrops of torbernite-bearing ircnstone were small and
irregular and it is clear that any terbernite occurrence would be
difficult to follow in a shaft from the surface. For this reason
adits along the course of the hematite breccia were recormended to
disclose the nature of the breccia at a reascnable depth beneath the
surface. : :

The Geiger lMNuller survey in this area has shown that two definite
areas of radiocactivity exigt, ccrresponding to the Nos., 1 and 2
Workings, and between. them the radiocactivity falls to normal. Two
adits were recormended, 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 52 feet below the best concentration of torvernite
exposed cn the surface. The drive was in hematite breccia through-
out its course. The samplss from the adit are given in the table
below. No walls <r geological features likely tc cause & concen-
tration of values were present in the adit, so the assay values
given are likely tc be representative of the complete bed of breccia.
All the samples were tested by the Geliger Muller before belng sent
for chemical assay, and those samples 1Indicating & UzOg content of
less than 0.1% werec not forwarded for assay. For this reason
samples 4, 5, 11 and 12 were not assayed.

Since there was no distinct torbernlte in the breccia the assay
results from the original bulk samples, although nct high, were
higher than expected. For this reason check channel sanples were
taken along the back of the adit. The assay results from these
sanples were much lower than the original bulk samples. The two.
sets of assay results are shown in the followlng tables:

N
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The results of Sampling are set ocut in the following tables:

ADIT - BULK SAMPLES

Distance from :
 |Sample Peortal Length Gelger Muller| UzOg. Renmarks
No. Fronm To % UzOg %
1 12 15'6" 316" About 0,1 0.11
2 15'6"  18t6" | 3¢ oo 0.08
3 186" 206" 2! " " 0.12
4 2016" 231 216" 40,1 - Not assayed.
5 23! 251 21, £ 0.1 - " "
6 251 2816" 3164 <. 0.1 0.17
7 2gtg! 321" 413" Ms0LL 0.17
8 329" 361 313" "0.1 O_.A22
9 36; 391 51 ‘Abouit 0.1 0.13
.10 39! 421 31 " " 0.15
11 . 421 451 3  £-0.1 - Not assayed
{12 45" 50 51 " 0.1 - oo Ta
CHECK CHANNEL SAMPLES
Sample Distance from .
No. Portal Length . U%OB . Remarks
From To
1 0 10! 10! 0.02
2 10t 20" 10! 0.10
) 20! 30! 10; 0.10
4 30" 40! 10" 0.04
5 40! 50! 10" 0.02 -
gre" 0.01 Sample at face of adit,

(111) Ccnclusions

None of
presence
However,

cavities

the

results of

-the sampling indicates the

of ore containing not less than 0.25% UzOgn.

the nature of the breccia with 1ts leacgeg
indicates that there may exist a richer depcsit

at a depth where the leached cavities become cccupled with
torbernite instead of the ferric compcunds which now largely
The large extent of the breccia makes this
the most suitable deposits for examining the behaviour of the

occupy them.

hematite breccia in depth by means ¢f a diamcnd drilling

campaign.
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It is recommended that if diamond drilling is to be carrled out

with this object in view that operations should commence on
this deposit.

C. No.3 Workings, Esst Painter (Greenwood) -Camp.

by
E. Broadhurst, Geological Sufvey of South Australis.

The locality of this deposit 1s 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 sedms of torhernite. In no place could
uranium ore be said to occur. .

D. No.5 Workings, East Painter (Greenwood) Csmp
by
E. Broadhurst, Geological Survey of South Australia.

(Plans 3191 and 3195,8heets 21 & 22 illustrate this
report)

(i) Development

The development on this lode conslsts 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 breccla, on a shear striking at 325°. 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 hcmatite
adjacent to the shear. An open cut of an average depth of 4%
feet was taken adjecent to the wall, the mineral from the cut
consisting largely of surface loam, and bulk sample of the
matcrial from the open cut assayed 0.33% UzOg.

At the top of the open cut, opposite the best showing of
torbernite in the 'homatite wall', a shaft was sunk to a depth
of 40 ft. in decomposed iron- stalned granltlc material showing
occasional quartz veins. The material in the shaft was rather
disappointling.

In the drive, however, more torbernite. was encountered.
The drive was in the same material as the shaft, but the
torbernite was associsted with shears along which clayey iron-
stone occurrcd. These shear planes were all sub-parallel with
_an sverage strike of 325° and a prectically vertical dip. On
the surface the shears were seen to cchelon to the right, and
there 1s a suggcstlon thet the same 1s occurring on the 40 ft.
level. :

{11i)0re Occurrcnce

The difficulties sssoclated w1thAsampling this deposit
have been discussed 1In 2 separate report, snd only the results
will be givon here.

The open cut from which about 25 tons were extracted,
gave an assay of 0. 33p for a bulk sample.

The first 20 feet of the shaft, or about 15 feet below
the open cut, gave an assey of O. 11% Uz0g from 2 bulk sample.

The next 14 fest to the top of the drive gave an average
assay value of 0. 17@ Uz0g, which shows a close agreement with the
assay of 0.15% UzOg from the bulk sample.
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A series of check samples of the shaft gave an
average assay value uf 0.26% Uz0g.

The probabXe true value of the material from the
shaft is the weighted average of the above results, i.,e,

15ft. assay value 0.11%
i4 £5. " " 0.15% and
29 ft. i " 0.26%

giving a weighted average of 0,19%. The amount cf material
from the shaft would be about 25 tons.

In the drive the quantity of ore proved amcunts to
8 tons per vertical foot.

The welghted average cof the assay results cf the
chip samples is 0.38% Uz0gq.

The weighted average cof the assay results of the
bulk sawmples is 0.77% UzOg.

Probably the former are the more correct.

(iv) Conelusicns.

On this depcsit cperations were stopped at a stage
where its possibilities were merely indicated. The 40f%t.
level had not passed out of ore in the ends of the drives,
and the behaviour of the ore body beneath this level is
quite unkncwn. At the present stage all that can be saild
of the depcsit is that at a depth of 40 feet there is at least
8 tons per vertical foot of cre with an assay value probably
of 0.38% U3z0g. At This depth values seem to be increasing
with depth, but whethsr they will continue to do 8¢ cannot be
stated. .

SURFACE SAMPLES.
Sample Position Length Assay " Remarks
No. Uz0g -
—
4 Open Cut 0.33 Bulk sample of open cut
6a Oukcrop 31 0.18 4ft.=-7ft. W. of shaft.
7 " 31 0.31 | 1ft.-4ft. W. of shaft.
SHAFT CHIP SAMPLES
Sample Depth Length Agsay _ ' : ‘
No. Ft. Ft. | 4 Uz0g Remariks
1 6 3 0.17 North end of shaft.,
2 8 3 0.3% North end. of shaft.
3 10.5 3 0,17 North end cof shaft.
5] 13.5 3 0.25 North end of shaft.
9 16 3 0,16 Nerth end of shaft.
8. 16 3 0.14 South end of shaft.
6 17 3 0.11 North end of shaft.
11 19 3 0.14 Werth end of shaft.
10 19 3 0,07 Scuth end of shaft.
12 22 3 0. 36 Noerth end of shaft.
13 22 3 0,05 Scuth end of shaft.
14 25 3 0.15 Neorth end of shaft.
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SHAFT CHIP SAMPLES

Sanmple Depth Length Assay Remarks
No. Ft. Ft % UzOg
15 25 3 0.06 South end of shaft.
4 16 28 3 0.29 Nerth end of shaft.
¢ 15(a) 28 3 0.14 South end of shaft.
17 31 3 0.18 North end of shaft.
18 31 3 0.14 South end of shaft.
20 34 3 0.12 North end of shaft.
19 34 3 0.20 South end of shaft.
24 37 3 0.10 North end of shaft.
25 37 3 0.31 Scuth end of shaft.
31 40 3 0.65 Bottcm: of shaft.
|
SHAFT BULK SAMPLES
Sample Depth Length Assay
Remark
No, Pron | To Pt. % Uz0g emarts
124 6 20 14 0.11
26 20 34 14 0.15
22 34 35,5 1.5 0.20"°
23 35.5 | 375 2 0,186
27 37.5 40 2.5 0,24
L
SHAFT CHIP CHECK SAMPLES
Sample Depth Length Assay
No. Ft. Ft. % Uz0g Remarks
1 9. 3 0.26 N. end of shaft.
2 9 3 0.22 S. end of shaft.
3 14 3 0.47 N. end of shaft.
4 14 3 0.30 S. end of shaft.
5 19 3 H 0.25 N. end of shaft.
6 19 3 0.27 S. end of shaft.
7 24 3 0.12 N. end of shaft.
8 . 24 3 0.12 . S. end of shaft.
9 29 3 0.26 N. end of shaft.
‘ 10 29 3 0,11 3. end of ghaft.
11 34 3 0.32 N. end of shaft.
12 34 3 0,39 S.Iend of shaft.
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Sﬁg?le Diséﬁg;i’from Length %sg:gs Remarks
i 34 oft. S. 2.5 0.24 W. side
‘ﬁ 35 " 2.5 0.06 E. side
38 2ft. S. 3.0 0.24
43 4rt. " 1.5 0.77 E. side
43A aft, " 1.5 1.06 W. side
56 6ft., " 1.5 0.86 E. side
; 56A 6ft. " 1.5 0.35 W. side
61 gft, " 1.5 0.53 E. side
G1A 8fs. " 1.5 0.17 W. side
|52 Oft. N 2.5 0.10 W. side
3% oft. " 2.5 0.23 E. side
79 2rt, " 3.0 0.13
41 5¢5, " 1.5 0.20 t. side
@ L 5ft, " 1.5 0+46 W. side
v 0419
42 Vfﬁ, " 1.5 0.19 E. side
| 424 7%, " 1.5 0.37 W. side
48 oft. " 1.5 0.13 E. side
46A grt. " 1.5 0.15 W. side
49 1Lft." 1.5 0.40 E. side
404 11ft .M 1.5 0.42 W. side
51 12ft." 1.5 0.37 E. side
514 12. ft 1.5 0.32 W. side
53 l4ft." 1.5 1.65 E. side
53A 14f%, 1.5 0.32 W. side
54 1878t " 1.5 0.68 E. side
E4A 16ft. " 1.5 0.59 W. side
";58 174ft. 1.5 0.88 E. Side
5QA 173Ft. 1.5 1.00 W. side
63 1C3ft. 1.5 0.26 .E. side
S3A 1951t 1.5 nil W. side
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DRIVE BULK SAMPLES

Sag}xgle fgéitzﬁggt . Le?%t:h ‘%sgggg. Remarks
From To
28 0! 3'E 3 0.21
29 3'E 61E 3 0.22
30 o 2.5'W 2,5 0,05
37 o 21 8 2 0.30
44 218 418 2 1,41
57 418 618 2 2,13
62 6'S g8rs 2 1.45
36 0! 21N 2 0.29
40 28 5N 3 0,69
45 S'N 7' 2 1,91
47 7IN 9'N 2 0.62
48 9'N - 11'N 2 1,91
50 111 121N 1 0.68
52 12N 14'N 2 0.74
55 14N 16'N 2 0,49
60 16'N  17,5'N 1.5 0.68
64 17%.5N 19.5W 2 0,50
DRIVE CHECK CHANNEL SAMPLES
“UNer” | from cners | Length | ssay
1 3'N 3ft. 0,17 Back of drive.
2 310 30t 0.19 Floor of drive. l
3 5N 3f%. 0,19 Baeck of drive.
4 5N 3ft. 0.11 Floor of drive. ‘
5 7N 3 0el7 Back of drive. \
6 7N 3 QR5 Floor-qf drive. l
7 9'N 3 0.17 Back of drive.
8 N 3 014 Floor of drive,
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E. No. 1E Workings, East Painter (Greenwood) Camp
. 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 PaLnter
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 belleved that the original
Prospectora may have been misled by the presence of the pale blue
copper-bearing mineral, turquois.

F. No., 2E. Workings
by
C.J. Sullivan, Geologist, Mineral Resources Survey

These worklngs are situated on the rlght bank of Heighty -
Creik, 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 material, contalning traces of torbernite.
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 fect to the eastward. A. chip sample was
taken around the walls of the workinvs, the assay result being 0.03
per cent Uz0g.

The prospect i1s not considered likely to prdduce
significant quantities of ore of higher grade.

' G. No. 4E Workings
by
C. Ju Sulllvan, Geologlst, Mineral Resources Survey.

This prospect is situated approximately 1700 feoet west-
northwest from the East Painter Camp. A shallow pit has exposed
small amounts of torbernite in a small body of hematlte surrounded
by crushed granlte. A representative sample of the material from
the pit assayed 0.06 per cent UzOg.

H. Bentley Greenwood Deposit

by
Ce 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
i1s about three quarters of a mile up the creek from the camp. The
East Paint road follows Helghty Creek to a point approximately 10
chains further up the creek from thils deposit.

(11)Geology

The rocks surrounding the depos;t are nearly all granitic

in typs but the¥ contain masses %ch are relatively coarse in
grain and are olften highly felsp ic.
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These masses may be dykes but thelr boundaries are rather
indefinite and they may merely represent segregations in the
granite. Traces of sedimentary structures were found in two
places, but they are not very definite. Sedimentary rocks
occur in the east bank of a creek approx1mately 200 yards south
south-east cof 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.

Uranium Minerals

‘Torbernite has been found in a band of hematite situated
on a spur approximately 200 feet above cresk lsvel. The
hematite trends cast and west for a distance of 140 feet and

~has a width ranging from 15 tc 35 feet. It occuples a

slightly crushed zcne, On its northern edge, the hematite

1s bounded by a shear, along which torbernite has been
locallsed, apparently by supergene processes. Five pits havo
been sunk along this shear over a distance of 65 feet to depths
of 2 to & feet. They roveal manganese dioxide and hematite
coated material showing torbernite along the planes and cracks.

. A composite smmple taken from the plits assayed 0.36 per cent

)

Uz0g. The width of ore bearing material cxposed in the pits
ranges from & inches to 1 foot. An adit has been driven
northerly to the wall of the shear at a point approximately

10 feet below the surface. From this point the .sheared gzone
was explored by neans of a drive extending 15 feet to the west.,
It was found that the torbernite at this level amounted to
traces cnly, and that the hematite content had fallen proport-
lonately. Hence ir will be seen that the amount of ore
available in this section is not likely to be more than 10 to
20 tons of ore with a grade not exceeding 0.5% UzOg.

At the western end of the hematite, an open cut 13 to
15 feet wide has bheen extended into the hill for a distance of
approximately 10O feet. Tt attains a maximum depth of 8 feet.
In this cut, the hcmatite is seen to form a capping 13 to 3
feot in thicknogu, It rests on relatively uncrushed highly
felspathic rock. The hematite body contalns some torbernite in
1ts lower portiocns, but close to the surface, much of the
torbernite has been leached out. The cavitics from which it
has been leached, contain a boxwork of gypsum with a very
distinctive pattern. Several stages in the replacement of the
torbernite by the gypsum were noted. Specimens were submitted
to Dr. Stillwell who confirmed the fact of the leachlng of thé
torbernite. The latter is the metatorbernite variety.

In the felspathic rock below.thc hematite, torbernite
occurs in cavitios completely enclosed in solid felspar. The
grade of this material would be low. It is possible that this
torbernite has resulted from the oxidation of a primary uraniun
bearing mineral, which formerly occupied the cavity. Hewever,
the torbernite may replace a non-uranium bearing mineral.

Testing.

Three test pits were sunk at the points shown on - the plan.
These werc located at points to the south of the ironstone out-
crop showing relstively high radiocactivity readings. The test
plts revealed only weathered granite below the soil cover.
The high readings were evidently due to uranium minerals which
had rilled down hill from the "ironstone" outcrop.

No other testing was undértaken and the depcsit is not
considercd likely to produce important quantltlcs of ore with
a grade 0,25 to C.5% Uz0go
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I.Siﬁilar Greénwood Doposgit

. : by
C.J. Sullivan, Geologist, Mineral Resources Survey.
(Plan 3205, Sheot 35 illustrates this report)

(1) Situaticn

(1

=

)

(114)

This deposit is situated approximately 13 miles north
of Mt. Painter. Access 1s gained from the Last Painter road
by way of a camel pad.

History
This locality is markéd No. 15 on Mawson's map and is
deseribed in his report (Mawson 1945). There were no workings

on the depecsit at the time of the first inspection in 1944 and
it was considered advisable to made geological and gecophysical
surveys 1n order to help in the forrmlation of a prospecting
campaign.

Geology
The ‘dccompanying plan and section illustratc the geology
of the deposit. It should be noted that most of the eastern

section of the area mapped i3 covered with detritus and hence
information shown from this portion is scanty. The secticn -
iIlluetrates irZerences drawn frcm the limited information
avallable.

Briefly, a mass of porphyritie granite trending roughly
nerth and south and apparently dipping at 20 to 35 deg. to the
west, overlies a series of sedlmentary 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 of rccks,
the granite has been crushed and brecciated and this zone of
brecciation forms cne of the main loci of ore deposition. The
erest line of contours of radicactivity as determined by Geiger-
Muller readings, follows this crushed zone fairly closely.

The contact is a folded one and the maximm crushing tsakes
place at the ocrests of small anti-e¢lines. In these places
there is a capping of hematite with some manganese dloxide.
Traces of torbernite have been found associated with the
hematite and manganese.

Other important features are the shear zones shown on the

raccompanying plan. The two main ones have lengths of 180 and

100 feet respectively and would each average apprcximately 10ft.
in width. They consist of relatively soft material derived from
the alteraticn of the granite. ‘Not all of the minerals present
have been determined, but they include manganiferous hematite in
considerable quantities, and alsc some flucorite and torbernite.
The torbernite is usually found in traces only, but occasional
pleces of ore weighing in the vicinity of one pound can be dug
out of the soft material with a geological pick. Sore of these
pieces would probably assay in the vicinity of 1 te 2% U0z,

Also present are other radicactive minerals which have not yet
been definitely identified. It is thought that they may be
uranium ochres. These minerals were found in one place only.,
the total specimens obtained weighing a few pounds. The crest
lines of contours of radiocactivity follow the shear zones

fairly closely and there appears to be little doubt that the
latter are irmportant localising features..
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In one case, torbernite and uranophane were 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 thiz case, some cf the uranium minerals were in
cavities in the rock as distinet from its usual occurrence on
cracks and planes of parting. The Gelger-luller readings
showed a regicnal high in this area.

An intensely crushed 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 orsé, but there 1s very little hematite associated
with it and no uranium minerals were noted. .The fragments in
in the zone range from fine rock flour to pleces 12" in diameter.
A large proportion of the fragments are 6" in diameter. The
breccliation 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. They contain
fluorite and also traces of. torbernite.

-

Apart from the hematite and manganesec dibxide, fluorite
and a little quartz were the chief minerals noted as being
assoclated with the uranium nminerals. _

(iv) Testing.

As a result of the .geologiecal and geophysical Surveys,

12 places were selected for possible testing. At points 2

and 3 plts 3 to 4 feet in depth penetrated the ferruginous
material and revealed weathered granite. The quantitY of ~

in depth exposed unpromising material and a sample taken at
a depth of 12 feet assayed nil.

(v) Conclusion

The deposit appears to be unimportant as a possible .
scurce of uranium ore with a grade not less than O .25% Uz0g.

Locality "B" _
by. . o ' —
C.J. Sullican, Geologist, Mineral Rescurces Survey.

A major fault has been partly filled at this point by
masses of quartz. A fragment of gquartz containing hematite was 1
found to be coated with small quantities of torbernite.  The fault
in this vicinity should be worth further investigation

5. PARALANA HOT SPRINGS GROUP

A, Localities D, E and F

! . by .
E. Broadhurst, Geologlcal Survey of South Australia.

Scme showings of torbernite were found in the locality
¢f the Psralana Hot Springs. The showings are peculiar in the
absenee of any ironstecne accompanying then. They are mainly slight
showings of torbernite paint along joint planes in areas of crushed
granite, although a few crystals 1n quartz vughs were seen.
Altogether the occurrences are unpromising for the formation of ore
"bodies, since there seem tc be no concentrating agents such as
ircenstone bodies on definite sheared lodes. However, the area is
whrth prospecting for the chance of an unexpected ore~body occurring.
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11 4, REPORTS ON INDIVIDUAL URANIUM QOCCURRENCES.

" 4, Mount Painter Group.

A, Nos.1, 2 and 3 Workings, Radium Ridpge.

by
Ce J. SULLIVAN

-Geologist, Mineral Resources Survey. ..
o ' ' =y
" (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 2% miles., At its closest point it is approximately
4 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 areée due
to the resistance to weathering of & silicified zone, some-
what similar in appearance to the "Jaspers" of Western Aus-
tralia. Nos.1, 2 and 3 workings are located on this ridge.

() 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 contains small quantities
of Fergusonite and traces of yellow uranium minerals. The
hematite may have had a different origin from that associated
withtorbernite in the crush zones. The deposit 1s thought
to be of little economic importance.

(ii) No.2 Working.

This deposit is very similsr to No.1 and there is &
costean on a hematite outcrop. The hematite is very hard
and dense and is intergrown with quartz. - Fergusonite and
monazite are present in places in considerable guentities
(Stillwell and Edwards 1945). ‘ -

(111) No.3 Working.

This deposit exposed by this working resembles the
usual type of torbernite occurrence associcted with heme-~
tite and limonite in a crush zone. The hematite and limonite
“‘extend along the ridge for a distance of 200 feet and have an
average width on the surface 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 1is
in the form of a capping.

At one place, torbernite occurs over a length of 5
to 10 feet. A small open cut has besn mode into this
occurrence and a shaft has been sunk from the end of thie
open cut. At the time of the present examination, the
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APPENDIX I.

.. Correlation of Nomenclature of Uranium Occurrences.
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. No.1 Workings
oon " ]

"
1"
”
1"
"
1t

911ty G.

o RN T N NSRS

o
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1E and 2E
No.3 East

Painter
4E

"Smiler
Greenwood"

"Bentley
Greenwood"
Localities D,
E & F.
Liocality B.
Locallity J.
No.1 East
Painter,
No.2 East
Painter,
No.5 East
Painter,

Shown on regional map,
Not found during this
investigation.

This deposit cannot be
definitely identified,
although it was prob-
ably found during pros-
pecting operations,

This deposit cannot be
accurately identirfied,

Paralana.

# "The Nature and Occurrence of Uraniferous Mineral
Deposits in South Australia”, by Sir Douglas Mawson,
Trans. Royal. Soc. S.A. 68 (2)

1944,

FICROFILMED



APPENDIX IX.
SAMPLING.

' The sampling of the deposits presented the usual
difficulties connected with small and irregular shoots. In
the original sampling of the No.6 Workings samples were taken
at every 10 feet in the drives and at 5 feet lengths in the
cross-cutes (or in 10 feet 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.,

After some experience of the nature of occurrence of
the torbernite it seemed that the face or back samples would
not give accurate results, owing principally to the friable
nature of the mineral. The  torbernite generally occurs in
thin seams along the joint planes, and owing to its friable
nature it is easily removed from these planes. Thus much of
the valuable mineral is removed during the ordinairy mining
operations at the face so that, especlally for a chip sample,
the face 1s not representative of the ore. The chip sample
was collected on a sampling cloth spread in front of the face,
and during the cutting of the sample the valuable mineral
from the thin veins was liable to slide down the face behind
the cloth and so be lost, These two factors would tend to
make the proportion of valuable mineral in the sample too. -
small, For this reason sampling from the broken dirt at the
face or from the trucks was instituted but the obJection to
this method is that by taking handfals of broken dirt, the
sampler was inclined to take too ‘large a proportion. of the
fines and so of the valuable mineral, thus making the uranium
contents too high.

The two methods of sampling, 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 differences, The bulk samples
gave a weilghted average assay value of 0i77% UzOg for the
level, while the chip samples gave a weighted average of 0.38%
Uz0g, being half of the formsr. Although some difference
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 having
& larger uranium content than the chip. As a8 check, channel
samples from the back and floor of the drive were taken along
the first nine feet of the northern part of the drive. These
gave even lower results than the chip samples, although the
difference between the two was small. The chip-sampling re-
sults were generally accepted and used for 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. :



APPENQ;K'III.

LIST OF SPECIMDNS FPORWARDED_TO ENGLAND.

illustrating

GEOLOGICAL REPORTS.

Identification by Mr. E. Broadhurst.

Specimen Locality and.Identification{
NOt ’ -
1 ‘ Mt. Painter No.6 Worklnns mannanlferous iron-

stone from dump at 50' level.

2 Mt. Painter No.6 Vorkings Hematite breccia
(Kaollnltlc) from east branch of north cross-
cut 100' level.

3 . Mt, Painter No.6 VWorkings Hematite breccia
(Kaollnltlc) from East branch of north cross-
cut 100' level,

4 Mt. Painter No.6 Workings silicified gneiss
from fragments of breccia in South portal.

5 Mt, Painter No.6 Workings silicified gneiss
(with torbernite seam) from drive South of
open cuv.

6 Mt. Painter No.6 Workings Hematite breccia
from end of North drive 50' level.

7 . Mt. Painter No.6 Workings banded gneiss from
185"' level.

v ST A ey oD G s A < e DT

Identification by Mr. R.C. Sprigg.

8 Hplitic Granite Mt. Painter road near sun-
shine Pound.
9 . Porphyritic Granite on Mt. Painter road near
Sunshine Pound.
10¢ Dolerite Volcanlc Neck 1 mile East of Sprigg
Nob. .
11 Torbernite No.5 VWorkings EBast Painter.
12 Me tamorphosed Amygdaloidal?- Basalt near
Arkaroccla Wellb
13 Acid BlOulte gneiss near Mt. Palnter main camp.
14 - gericitic Quartzite Mt. Pitt.
- 15 Sphene from Amphibolite sphene lode Wt.

Painter: road.

e s



Speﬁimen ‘ Locality and Identificaticn

Identification by Dr. F.L. Stillwell.

16 No. 6 Wox klngs torbernite vein in mica schist

17 Mt. Painter No.6 Worklngs vellow autunlte
and green torbernite.

18 Torbernite Nu.5 lobe East Painter.

19 "Nail hole" quartz from Radium Ridge between
No. 2 Workinges and Mt. Gee,

20 L Smller Greenwood's prospect East Palnter
torbernite and fluorite disseminated through
ironstone. ‘ i

21 No.5 Workings East Painter with limonite

from open cut. Torbernite plates tend to
form a coarse boxwork 4

22 " Ore relatlvely ”rlch" in Fergusonite (marked
with red pencil) and consisting essentially
of hematite and monazite No.2 Workings
Radium Ridge nearest equivalent to prlmary

ore.
23 No.3 Workings. Radium Ridge Metatorbernite..
24 ‘Smiler Greenwood's prospect East Painter
with pseudomorphs after pyrite.
25 Uranophane (yellow needles in vughs) No.2
Workings Radium Ridge.
- 26 Small open cut at No.5 Workings Mt. Painter
camp. Seam of weathered torbernite with

urancphane (as described under weathering
of torvernite).

27 No. 2 Workings Radium Ridge hematite and
eplthermal guartz.

28 - B. Greenwood's prospect East Painter white
boxwork developing as ai replacement of
torbernite texwork.

29 B. Greenwood =] prospect Eagt Painter box-
work of'brnernlte plates in small pits. .

30 B. Greenwood's prospect East Painter white
boxwork residual after original torkrern-
ite -boxwork.

31 Torbernite goethite and peilomelane in
fractures of a breccia No.7 Workings
Mount Painter camp.

32 ~ No.7 Workings Mt. Painter camp torbernite
and metatorbernite.



S_Pl'fygfmen Locality and Identificati on
33 "Nail Hole" epithermal quartz (cowa teats)

from Radium Ridge between No 2 Workings
end Mt. Gee, )

34 ""Nail Hole" epithermal quarfz from Radium
Ridpe between No.2 Workings and Mt. Geel

35 Torbernite on joint plans South portal at
100' level No.6 Workings.

36 No.5 Prospect Mt. Painter Camp. Pits with
lepidocrioite lining them former from
leaching of pyrite, still present in places.

37 "Nail Hole";quartz with gypsum filling in
the nail holes from rear No 5 Warkings Mt,
Painter Camp area,

38 Mt. Painter torbernite from No.7 Workings.
This torbernite fluoresces presumably
indicating a film of copper-free uranium
salts on the surface of the torbernite.

39 ' No.6 Workings torbernite and autunite (in
‘ part cupriferous) in vughs in psilomelane -
original shoot,

40 ‘ No.b prospect East Painter.
41 "Gummite" (yellow) in vugh, No.2 Workings
Radlum Ridge. Similar to analysed mater-

< = - ial massive hematite ore, characteristic
of this deposit with 1ntergrown monazite
(brown).

42 Mt. Painter district Radium Ridge No.2
Workings contains fergusonite and monazite.




IV. - A _POSSIBLE EXFLANATION OF THE GENESIS QF THE
. MOUNT PAINTER URANIUM DEIOSITS
LARGELY T oo ) 0% iLiLD OLPRVATIONS

RSO

by

C. J. SULLIVAN
Geologist, Mineral Resources Survey.

1. INTRODUCTION.

.This report describes the field evidence in support
of a supergene origin for the torbernite deposits in the Mount
Painter district This origin is also emphasised by Still-
well and Edwardszi). The report was origina%1¥ written in
response to a preliminary report by Stillwelll®) in which a
hydrothermal genesis was favoured.

2. BRIEF DESCRIPTION OF THE DEPOSITS.

Except for the autunite in the shoot mined in the No.6
workings, the mosi lmportant aranium mineral so far found at
Mount Painter is torbernite - hydrated copper uranium phosphate.
The torbernite occurs as stains or films coating cracks and.
‘partings in the rock. The majority of the deposits so far
discovered are below 0.1 per cent UzOg in.grade. At the
locality F (see geological map, Plens 3288-3291 inclusive),
southwest of Paralana Hot Springs, these stains give a strong
impression of having been formed bty 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
uranium trioxide, was mined. At the No,5 deposit, East
Painter, development has indicated about 320 tons of ore, poss-
ibly containing 0.38 per cent UzOg. Apart from these occurr-
ences, no ore of mineable grade haes becen found.

3. IRONSTONE(3).

Moet of the torbernite deposits are associated with
ironstone and sometimes with minor amounts of fluorite, bary-
tes and quartz. .- Most of the ironstone concentrations occur
in brecciated zones, At the No.3 and No,4 deposits at Mount
Painter, the '"Bentley Grecnwood" and probably the "Smiler
Greenwood" deposits at East Painter, the ironstone forms a

surface capping from 3 to 10 feet thick. Underneath this is
weathered granitic rock, usually containing spangles of torb- _
ernite sparsely disseminated in cracks and partings. A

(1) P,1.. Stillwell and A.B. Edwards: Uranium Minerals from
Mount Painter. )

(2) F,L. Stillwell: Uranium Minerals from Mount Painter.
Minerographic investigations of the Council for Scien-
tific and Industrial ‘Research.- Report No.316b.

(3) The term "ironstone' is used in the sense of an aggregate
of ferruginous minerals consisting chiefly of hematite
with in some cases, limonite, psilomelane, magnetite
and subordinate amcounts of other minerals.
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crosscut driven under No.3 deposit, Mount Palnter, revealed
weathered red granite. with tréces Hf torbernite, whilst under
the ironstone capping »f the No,4 deposit, Mount Painter, a
weathered gneiss with traces of torbernlte was encountered.
In the case of the "Bentley Greenwood'" a solid red felspathie
rock underlies the mantle. of ironstone. - The occurrence of
the ironstone 8t the surface appears to be too marked to be an
accident of erosion. In each of the cases cited, the .iron-
stone extends over hundneds of' square feet at the surface.
.If these occurrences represented lodes .formed by hydrothermal
processes, one would not expect them to be so often localised
along flat planes, which would enable them, on being exposed
by erosion, to parallel the present surface.

In many cases the major structural planes present do
not appear to have controlled the deposition of ironstone in
the way one would normally expect, if it was of deep-seated orig-
in. Thus, at the "Smiler" 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, howcver, revealed
that the mangsniferous ironstone is largely confined %o the
first 3 to &6 feet from the surface, and that below this weath-
ered granite predominates, There are nn obvious structural .
planes which could have been expected to localise mineralig-
ation parallel to the present surface. In many parts of the’
Mount Painter area stains and thin coatings of ironetone may be
seen on the surface of granitic rocks.

In all cases where the ironstone forms e mantle only,
.the degree of brecciatinon has been relatively slight. At
the No.6 deposit at Mount Painter, hematite extends to depths
exceeding 100 feet but there is a concentratinsn of hematite at
the surfacc and the proportion of hematite decreases with in-
creasing depth, The main 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 has been relatively great, thus allowing the deep pene-
tration of iron-bearing solutions from above, However, some
of the hematite of No.6 deposit appears to be of hydrothermal
origin, ’ ) .

It is thus concluded from the field evidence, that a
large proportion of the ironstone was deposited near the land
surface from meteoric waters( ? The striking scarcity of
hydrothermal gangue minerals such as quartz or carbonates,
also supports this mode of origin.

(1 There is evidénce that there are at least two types of
ironstone at Mount Painter. .
The above discussion deals with the ironstone chiefly .
‘associated w1th the occurrernces of secondary uranium
minerals, ~In most cases this is manganiferous, contains
limonite and. is rarely bladed. It shows a close assoc-
iation with thé present land surface. The second type
mainly consists of bladed hematite and is closely assoc-
iated with the Mount Gee guartz mineralisation. It
occurs on the slopes of Mount Gee, on Radium Ridge, on
apurs leading from Mount Painter and in many other
places, . This type of hematite shows little tendency to
be coneentrated at the surface and is usually associated
with large quantities of quartz. The No,2 deposit on
Radium Ridge may represent a third type. Here & mass
of hematite (after magnetite) is associated with mon-
.azite and fergusonite, "It is reported by Kleeman that
the fergusonite has a high lead content. This appears
to connect the deposit with the granltes in which it may .
be in .the nature of a segreﬁation. . '
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4. ASSOCIATION OF THE SECONDARY URANIUM MINERALS WITH IRONSTONE.

The ironstone and the secondary aranium minerals (torb—
ernlte, etc.) appear to hsve a close genetic relationship; as -
they are usually found closely associated in the fieldi: As in
the case of ironstone the greater concentrations of torbernite
found so far appear,to be c¢onfined to shallow depths below the
surface, For eXxample the sh»ot in the No.6 deposit &ommenced
approximately 25:.feet from the awrface .and petered out at a depth
of 50 feet. Extensive exploration to a depth of 100 feet re-
vealed material cdarrying only traces of torbernite. In ‘the No.7
and, No.8 workings at. Mount Painter, impoverishment begihe at about
30 feet be%oy the surfage, Radiation surveys by Messrs. Thyer
and Dooley indicated that most of the ironstone masses have a
hlgher degree of radio-activity than the surrounding rocksi Many
specimens of ironstone: exhibit radlo—activ1ty, but chemical agsay
proves that they contain no uranlum.

5. LEﬂCHING OF URANIUM,

The observed radlo—&cthlty could be due to the dis-
integration products of uranium %% t behind in the ironstone after
the uranium had been leached out In this connection the rel-
ative solubilities of radium and uranlum should be noted. Nearly
all common salis of radium are practically insoluble, &€.g. Ra804
has a solubility of .000002 grams per 100 c.c. of water at 25°C,
while common uranium salts are relatively soluble in water, e. g.
UClz 1s very soluble, U09S04.3HZ20 has a solubility o ?O.5 grame
"per 100 c.c, at 15°C and U0s804.7H20 is very soluble 3), Thus,
when a uranium mineral containing radium is exposed to dissolving.
waters, radium tends to remain in situ, while ursnium salts go
into solution.

6. AGE_OF THE TORBERNITE,

On the basis of mineralogical studies, 5t111we11<4)
suggested the p0581b111ty that the formation of the torbernite
was contemporaneous wi g? the Mount Gee quartz mineralisation.,

" Stillwell and Edwards give it as an alternative explanation to
the supergene origin, The radium/uranium ratio of torbernite
and autunite from th No.6 deposit, Mount Painter has been estim~
ated by R.G. Thomzs ) from the results of a number of analyses
and tests at the experimental treatment plant and refinery of
Australian Radium Corporation N.IL. 'which worked ;he depogits at
Mount Painter between 1926 ang 1934, at 2.7 x 10  against an
equllibrium ratio of 3.4 x 10°, Uranium-radium equilibrium is
reached in approximately 10° yearsv?/, so that the above results

(1) R.F. Thyer and J.C. Dooley, elsewhere in this bulletin.
(2) g.7. Thyer and J.C.Dooley, elsewhere in this bulletin.

(8) Handbook of Chemistry and Physics 28th Ed. ,Chem. Rubber
Publishing Co., Cleveland, Ohio. pp.442-3, 482-3.

(4) p.1. Stiliwell. Report Ne.315. C.S.I.R: etec.
cs)‘F.L; Stillwell and A.B. Edwards. Uranium Minerals from

Mount Painter. Elsewhere in this bulletin,
(6) R.G., Thomas, "The Processing of Radium Ores in South
Australla"- Aust. Chem. Inst. Jour. and Proc., Vol. IX

6th June, 1942,

(7) Danas System of Mineralogy, Centennial Anniversary Issue,ﬂ
1884 - 1944, VolsI, John Wiley and Sons, New York. 1944.

p. 617.
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strongly sugpest that the torbernite is less *han 106 years in
age, . This is supported by the low lead content of the torbern!
1te( ) Later analyses by Mr. Dalwood Aralyst and chemist of
the South Australian Mines Department have proved that the lead

. content of a sample of autunite and torbernite from No.6 Deposit,
was less than 0.0001 per cent. but have revealed a higher lead
‘content (0.045 per cent.) corresponding to an age of more than

7 million years, for a sample &f torbernite from No.5 Deposit,
East Painter. This result is very interesting and will be re-
ferred to later. '

. The youngest magmatic activity known in the’ d1>trlct

is not later than Palaeonzoic. It has been suggested that the
Paralana Hot Spring indicates magmatic activity but this seems
most unlikely as the spring is situsted on & fault near the mar-
gin of the Great Artesian Basia, and the temperature and chemical
composition of the water is comparable to that issuing from
adjecent artesian bores. Investigations by the South Australian
Mines Department of the Mesozoic beds to the eastward and west-
ward of ths Mount Pesinter field reveal that they have not'bee?
intruded by ignecus rocks or been subjected to mineralisation )
There is no quartz mineralisation along the Tertiary fault bound-
ing the eastern side of the range. The quarts of the Mount

ainteﬂ field is confined to the late Proterczoic ané early Pal-
acozole rocks and appears most likely to be geneticelly connected
with th 0id granitic intrusives Jf that field. The above evwid-
ence indicates that the torbernite is of Cainezoic age.. It is
therefore doubtful if it could have been deposited with the Mount
Gee quaritz, which is presumably pre-Mesozolc in age. o

7. TBEMPERATURE QOF FORMATION OF TORBERNITE.

is pointed out by stillwell(a), the torbernite :~ust
have been deposited below E00C, as above this temperature 1t
loses water and Tforms meta—torbernite. This very lcw tempera-
ture of depcsition suggests a supergene origin though it does not
reciude an epithermal origin as stated by Stillwell.,

8. ASSOCIATICN OF THE URANIUM DEPQSITS WITH GRANITE,

_ The uranium deposlits are confined to the area shown as

ranite on the geological map (see Plans 3288-3291 inclusive):
None has been found in the adjolning areas of folded and faulted
sedimentary rocks which have been intruded by the granite.
There is evidence to supgest that in places, ;the nranlfe contains
primary radio-active minerals, Thus Mawson(4) states that -
"the red apiitic granite from certain locallties for Lnstance
from No.16 contains particles of hematite and other black Specks,
some of which were found by autoradi?graphlc test to be radio-
active.". ILoth radioactive ilmenite and a mineral s1mllar to
fergusonlteko) have been reported from the field. At a' point

(1) F.Li Stillwell ara A.B, Edwards ,,in this bulletin,
(2) R.C. npr;gg; Verbal communication.
(3) FP.L. stillwell. Report No.315. C.S.I.R.
(4) Douglas Mawson. The Nature and Occurrencé.of Uraniferous

7 7 _ Mineral Deposits in South Australia.  Trans. Roy. Soc.
. - 8th, Aust. Vol.68, Pt.2 1944, D.555.

- (5) Douglas Mawson, Op.Cit. p.356.-  ° ) .
(6) »:1. stillwell and A.B. Edwards, in this bulletin.



55 chains northeast of the East Painter camp, .a specimen of. .
granite was found to be radio-active though-it contained no
torbernite or cavities after torbernlte._ At'ldcallty D west
of Paralana Hot Spring, torbernite was found in small cavities
- in uncrushed coarse granlte and it is believed that - the‘brber-
nite was most likely derived from the oxidation of . a primary

mineciral. At locality B it was found in a crushed granite;
apparently unaccompanled by hematite or by any hydrothermal
minerals, Much useful work could be déone by collecting radio- -

active granites and identifying the minerals showing this
property.

‘9. TORBERNITE DEPQSITS. IN OTHER PARTS OF THE_WORLD:

Torbernite-intuanite decurrences in cther paprtd~of -
the world are attributed to the action of weathering agents. on
primary minerals such as uraninite, (including pltchblende),
euxenite, samarskite and betafite. In Madagascar, 1t was
found that waters draining an area intruded by pegmatites con-
taining betafite, samarskite, euxenite and other uraniferous
titano-columbo-tantalates, depositeyl their uranium»content'??
autunite in peaty clay beds resting on the ancient granite(

In Portugal, primary uranium minerals in quartz and pegmatite
veins, were found to weather into torbernitef ? '

At the important deposit of Shinkolobwe, Belgian
Congo, more than half of the uranium in the oxidised zone was
in the form of torbernite. In parts of -the deposit, the
torbernite occurred at considerable distances frotn the primary
lode .econtaining ?itchblende together with iron, copper and
nickel sulphides .

10. SUGGELTED HISTORY OF THE FORMATION OF _THE DEPOSITS.

The above evidence suggests that the history of the
formation of the uranium deposxts at Mount Painter may have been
somewhat as followss:-

The sedimentary rocks of the Pre-Cambrian series
were intruded by granite in late Pre~Cambrian or early Palaeozole
time, This granite contained disseminated uranium-bearing min-
erals such as uraninite and minerals of the pyrochlore-fergus-
onite-samarskite type, which were most concentrated in the
highly felspathic and pegmatitic fractions. Fracturing and
brecciation of the rocks of the area were followed by the depos--
ition of quartz (and possibly some primary hematite) with some
magnetite, pyrite, fluorspar, barytes and perhaps uraninite
from hydro hermal solutions. The centre of the quartz mineral-
isation was Mount Gee, but it also impregnated though to a
lesser degree, the crush zones which now contain the uranium
deposits. Thls primary mineralisation was probably associated
with the granite referred to above.

(1y70re Depoults of the Western United States. Lindren Volume.
New York 1823, p.476.

(2) Alteration des Minerais Noirs D'Uranium Portugals. . Chimie
et Industrie, 30:805 June, 1933,

(3) Minerals Year Book, 1634, United States, Department of the
Interior, Bureau of Mines., p.498-502.
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The history of the area in the Palaeozoic era is
not well known. It is possible that Mesozoic sediments were
deposited over the area and have sinee been removed by erosion.
. In any case, the area, in common with the remainder of Australia,
was probably reduced to a peneplain by early or middle Tertiary
time.  Weathering of the crush zones. began as soon as any over-
lying Mesozoic sediments had been removed and con% ?ued during
the remainder of the peneplanation. In Koséiusko (Late-
Pliocene) time, considerable earth movements began and resulted
in the uplirt of the Mount Painter bloek; crosion was intensi-
fied and the dissection of the area began. The crush zones
formed suitable echannels for the circulation of ground waters
and it is sugrested that these waters have thoroughly leached
and kaolinised the granite in these zones; they have taken
iron; manganesé and uranium into solution and concentrated them
in the form of ;the present manganiferous ironstone-uranium
deposits, ainly as eappings over the crush zones.

The leaching of the uaranium content of the ironstone
ecappings is proceeding at the present time. The observed radio-
acthlty ~f much of the ironstone whieh does not now eontain
uranium and the dissemination of torbernite in sheared granite
immediately below 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 appsar-
ently been deposited during late Cainozoie times.

The origin and history of the individual deposits may
be interpreted as follows:-

(1) The Torbernite at a point 2% miles southwest of Para-
lana Hot Spring is definitely associated with pegmatitic granite.
There is no sign of hydrothermal activity.  There appears to be
little doubt that the primary uranium-besaring minerals from which
the torbernite was derived by weathering, occurs sparsely diss-
emlnated in the pegpmatitic granite.

(II) At a point 110 chains southwest of Paralana Hot Spring
the pegmatitic.granite is somewhnt erushed and sheared, but is
not greatly altered. 4L few flakes of torbernite and thin coat-
inge of ironstone occur along shearing planes. This may repre-
sent the early stapges of the development of a torbernite deposit
by ground water leaching of granite. The No,8 and parts of the
No.7 deposits at Mount Palnter where little ironstone is pres-
ent, may also belong to this stage. .

(III) Deposits such as the "Smiler" and "Bentley" at East
Painter and the N».3 and Nn.4 deposits at Mount Painter, in
which surface eappings of ironstone are underlain by more or less
sheared granite contalnlng a few flakes of torbernlte, may repre-—
sent the next stage in the development of torbernite depoelts
by the leaching of granite. If so, no primary ore of minable
grade could normally be expected, However, hydrothermal min-
erals such as barytes, fluorite, some pyrite and a. little quartz
have been noted in this type of deposit and it is not impossible i
that a primary uranium minersl was introdueed with these minerals.
The amount of secondary uranium mineralisation so far found in
these deposits is, however, small and could have been derived
from primary minerals in the granite and pegmatite. '

(IV) The nature of the primary mineralisation from wheih
were derived the torbernite snd autunite deposit at No.6 worklng,

(1) WeR. Browne. uAn attempted PoSt—Teftiary Chronology for
Australia.: Proc. Linn, Spc. N.S.W., Vol.LXX, Parts 1-2
1946, . . . ' .



Mount Painter and the torbernite deposits in the East Painter

crush zone, is not clear, As in the above cases, thére is a con-
centratlon of ironstone. at the surface and there has been wide-
spread leaching of the granitic rocks in the crush zones, . The de-
gree of circulation of ground water in the brecciated granitic .
rocks appears to have been sufficient to have leached out their
uranium content snd re- deposited ‘it in the form of the present
torbernite and autunite shoots, :  Drilling to a depth of approx- .
imately 245 feet in the No, 6. deposlt revealed kaolinised granlte
with occasional veinlets of hematlte.

However, there is con31derab1e eﬁidence of hydro—

thermal activity in the East Painter ecrush zones. Thus, in the

vicinity of Nos,1 and 2 deposite, East Painter numerous cavities
and peeudomonph? efter pyrite sometimes filled with torbernite

have beén noted 4 prominent ironstone outcrop, containing
traces of torbernite, which occurs to the north of No.5 prospecty...
East Painter, con31sts mainly of hematite, but contains numerous

boxworks of 11mon1te which may. represent former sulphide crystals.’
It is evident that the crush zones have been deeply and thoroughly

. leached and many primary minerals which might have been’ ‘present:

would have been removed in solution or very much altered. . The
No.5 deposit at Eest Painter ‘possesses particularly 1nteresting
features. A rich torbernité seam is largely confined to a narrow
channel which on the footwall side, is seamed with quartz. As
stated previously, torbernite from this deposit shows a consider—:
ably higher lead content than that from No. 6. .Assuming no ad-=
mixture of lead from other sources the lead-uranium ratio of the

ore indicates an age of approximately 7 million years. = This top~-. -

bernite could have been. produced by the oxidation of a uranium-
bearing vein, (the primary mineral possibly being uraninite) more
or less in situ. This possible origin is in contrast with the
leaching of uranium from large bodies of granite and the formation-
of torbernite even up to the present time, It seems likely at
least, that the torbernlte has nnt been in solution in the past

7 mlllion years. :

11, CONCLUSIONS. .

The above evidence strongly suggests that the tor-
bernite deposits are of supergene origin. It is believed that
in many instances, their uranium content was derived from primary’
minerals sparsely dlssemlnated in the granite =snd pegmatite and

that in these cases, th r§ is little hope of finding workable

deposits of primary ore(2

There is evidence of hydrothermal- mineralisation in
the East Painter crush zone and nne small torbernite shoot (No.S5)
and two rather promising torbernite-bearing outcrops (Nos.i and
2) have been found in this section,. Further testing in the
Bast Painter area, partlcularly below the zZone of weasthering will
indicate more preclsely the origin of these deposits.

Canberra. 30/10/45.

(1) p,L. Stillwell and A.B, Edwards:- Uranium Minerals from

Mount jainter eveses . This bulletln.

(2) The writer is referring to ore averaglng 0.256 t0.0.5 per cent. '~
Ug0s. It is possible that future scientific developments
will render much lower grade ore attractive, - '



IV ~ ORIGIN OF THE MOUNT PAINTER URANiUM“DEPOSITSWl“,

by
E. BROADHURST

Geological Survey of South Australia

1. Intfoduction

The present discussion 1s 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 1is a general agreement that the uranium minerals other than
fergusonite are of secondary origin. = This means that the uranium

"has been derived from primary minerals, but there are various
posslbllities for the mode of origin of the secondary deposits.
These possibilitics are summarised in the following table.

POSSIBLE ORIGINS OF MT. PAINTER URANIUM DEPOSITS

" SECONDARY ORIGIN
| .

. [~ : - ' 1

Action of supergene : Action by ascending
waters - A : magmatic waters

f ! J i
upergene Supergene No lateral Qatéral Lateral
ncentration enrichment transportation transportation transportation

from of original ' » within © from without
urrounding lode ' original - lode

rocks lods ' -
ase 1 Case 2 Case 3 Case 4 " Case 5

: The two main divisions are based on whether the formation
- of the secondary minerals from the primary uranium minerals wses
carried out by supergene waters or by the magmatic epithermel waters
connected with the formation of the Mt. Gee quartz and hematlte.
The further sub-divisions depend on the amount of transportation of
the uranium-bearing solutlons before re-deposltion 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 1into lodes by ths action of
supergene watcrs. This case hes been fully presented by Sullivan,
and there is no need to repeat them here.

3. Case 2

This 1is the ordinary process of supergene enrichment of a
primary lode. It differs from Case 1 malnly 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 acldic waters through the rock, and the tendency for torbernite
to occur at the edges of the breccila. The latter fact 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 arguments favouring
this process have been given by Sullivan viz. the low Pb/U ratio
and the non-eguilibrium condition of the U/Ra. ratio of the asutunite
and torbernlte indicating s comparatively recent ages, the absence of
any known signs of igneous activity later than the Pslaeoczolc, and

AT
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the redioactivity of the outcropé of hematite bracels indicating thet
the uranium has been leached out and the redlum lcft behind.

4, Case 3

This process 13 one of chemlcal attack by the eplthermal
'Mt. Gee' solutions on the primary uranium minerals, convertiing
them meinly to the hydrous phosphates. In this case the change has
occurred 1n situ and the sccondary ninerals occur in place of the
primary minerals. At Eest Painter, the boxwork structures whilch
occupy the cavities left by an original minecral suggest that such a
process might have occurred and that 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 eplthermal Mt. Gee quartz, then 1t is likely
that even 1f 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 remsin in situ, or become transported and so belong
to either of Cases 4 and 5.

S, Case 4

Either the fourth or fifth processes, that of the attack
of the epithermal Mt. Gee solutlions 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 1s 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 1s the much faulted vicinity of
the "V" shaped mass of sillcified gnelss near the main shear, as
described in the section dealing with thls deposit in detaill.

€. Case O

The process in thils case 13 one of solution of the
uranium from the primary minerals by the epithermal solutions,
transportatlion into favourable structures such as shears and
brecciated zones, and re-deposition there. This process corresponds
in a general way to Case 1, except that megmatic waters act as the
media of solution and transportation Instead of meteoric waters.
The essential difference, however, 1s 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 actlve to form the uranium deposits, and sach
has certaln facts to support it. In ma ny plasces 1t 1Is likely that
a combination of the processes has occurred. The important featurse
is that each process throws = different aspect on the possibility of
finding further ore-bodies.

In considering the fubture prospects of the deposlits, the
possibilities which each process holds out for the discovery of
further ore are the essential features. The ore-bodies formed in
Case 3 are ldentical in shape and uranium content to a primary lode,
the only difference belng the nature of the uranium-bearing minerals.
All ore-bodies formed in Cases 3, 4 and 5 are liable to supergene
glteration, i.¢. Case 2.

/ e ve
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In Cases 1 and 2 the chances of finding another ore-body
such as No.6 depend on the possibility thet thls deposit is a
'perched! body of surface enriched ore. This means that this ore-
body occurred at a much smsller depth than the normal zone of super-
gene concentration. Owing to some adventitious geological
occurrence such as faulting or the lack of sufficient acid socolutions
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 dseper in the
zone of oxldation. However, such an occurrence 1s merely a

possibllity, since oxidised minerals such as autunlite and torbernite
could occur anywhere in the zone of oxidetion and probably the No.6
ore-body, 1f 1t was formed by supergene processes, was at 1ts normel
depth from the surface. In the other deposits which have not been
prospected as thiroughly as No.6, such as the Greenwood's Camp
deposits. (Nos. 1, 2, and 5 East Painter), there is quitc a
possibility that the processes in cases 1 and 2 have acted and there
wlll be a zone of supergene enrichment. Case 2 willl 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 1s such a lode present, 1ts uranium content may be very

smell. Another, and very optimistic view of the Greenwood's Cemp
deposlts 1s that they are the equivalent of primary lodes, as 1n
Cese &, which have become leached at the surface. Suech an

explanation of these deposits would assume ore reserves many times
greater than those alresdy produces from the fiecld.

Cases 4 and 5, though differing largely in the mode of
origin of the deposits, do not differ so much in the resulting
occurrences of the ore. In Caese 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 depocsited where the structures were favourable.
Hence 1in both cases the brecclas and shears would contain the
orebodies, but 1f the No.6 Deposit 1s any criterion they would be
very small and irregular, and liable to occur at any depth.

From the above reasoning, 1t can be seen that there are
more posslbilities of further orebodies at the Greenwood's Camp
deposits, and perhaps the other East Palnter deposlits, thsn at No.6
Workings. In the latter locallty the possibility of further
orebodies depends on adventitious geologlical circumstances, whereas
at Greenwood's Camp there are definite possibilities .that supergene
enriched orebodies and even the equivalent of payable primary ores
exlst. Hence 1t 1s recommended that 1f any further development work
is carried out, it should be done on the Greenwood's Camp Deposit.
{Nos. 1, 2 and 5, East Painter).



PART TV - REPORT ON GEOPHYSICAIL SURVEYS OF URANIUM DEPOSITS,
MOUNT PAINTER DISTRICT, SOUTH AUSTRALIA.
. by
R.F. Thyer and J.C. Dooley, Geophysicists,
Mineral Resources Survey.

(Plans Nose. 1169, 1170, 1180, 1220,)
1222, 1232, 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 Production, 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 occecurring 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 means 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
sampleses

The geophysical surveys were carried out by officers of
the Mineral Resgources Survey Commonwealth Department of Supply and
Shipping using instruments constructed by them, and consisted of
two main parts namely - :

(i) field surveys to locate and delineate arcas of high
radicactivitye.

(ii) 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 fie€ld to identify radioactive minerals in hand
gpecimense The geologists gathered specimens from outcrops during
reconnaisgsance surveys of outlying parts of the field and brought
them tc the instrument at the base camps for determination of
activitye.

The initial work was conducted by R.F. Thyer in August

and September, 1944, at the request of 8.B. Dickinson. A Gciger—
Muller radistion counter was built in the workshops of the Physics
Department of the University of Adeclaide, and the helpful assistance
of Profegsor Kerr—-QGrant and members of his staff,especially John
Symons, 1s gratefully ccknowledgeds This apparatus was used 1in

making field surveys over the No. 6 deposit at Mount Painter and
over the 'Smilcr Greenwood! and 'Bentley Greenwood' deposits at

ast Painter, but 4did not functlon satisfactorily.

The field work was suspended tcmpormrlly Whlle the apparstus
was redesigned in the Mineral Resources Survey laboratory at
.Canberrae. At the sume time a second apparatus, suiltable for
carrying out approximate uronium determination of mine samples in a
laboratory was constructcd.

FPield work was rcsumed and continued during November and
December, 1944, by R.F. Thyer and J.C. Dooley and radiation surveys
were made in detail over deposits neer Greenwood's Camp at East
Painter. The new field instrument proved to be satisfactory,
although somewhat slow in operatione
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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 for reconnaissance work in outlying
prospects difficult of access and for which qualitative, rathcr
than quantitative, results would be of value tb the geologistse.

At the some time an invéstigation was conducted @t Canberra by’
J.M. Rayner into the possibility of using radiation measurements
2s & means of estimating the uranium content of samples from the
Mount Painter field. : :

The Director of Mines, South Australia wrote in January,
1945 to the Dircector; Mineral Rcésources Survey, asking that o
Geiger-=Muller apparatus be madec available =2t Mount Painter for
preliminary assay work, as a large proportion of the mine samples
had been found on chemical assay, to contain little if any uraniume
During February and March, 1945 J.C, Dooley was engaged on this type
of work at Mount Paintcer and while there he carried out some field
work with the portable telephone equipment,

Prcliminary reports were 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 bricfly the fundamental naturc
of radiocactivity with special reference to such features as have &
particular bearing on the problcms encountersd in the ficld and
assay work. In addition, it will be necessary to deal briefly
with the geology of the various areas covered by the field work in

so far ag 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 from onc atomic form to another. More than forty
isotopes of the heavier elcecments and few isotopes of some of the
lighter, c.g. potassium and rubidium, are radiocactive. There are,
however, two main scriecs starting from the elements uranium (atomic
weight 288) and thorium (ctomic weight 232) and changing from one
atomic form to another to give as end products two isotopic forms
of lead. A third series of lesser importance starts from a minor
isotope of uranium (2tomic weight 235) and is known as the
actinium seriese. The ratc 2t which the change from one atomic
form to &8nother takes place is characteristic of each member of &
scries and each member has & half period, i1.c. the time required
for half the mess to disintegrate, corresponding to thc rate of
changee.

After a sufficient lapse of time, (which, in thc case of
the uranium series, is about a million years) the relative zmounts
of each member present become constant providing that the series
remains undisturbede. Thc amounts of each member present are
proportional to their respective half periods and the secries is
said to be in radioactive equilibrium. : ’

The atomic transformetions are accompanied by the emission
of rays which are of thrce distinet types, namely alpha, beta and
gamma rays, 2lthough 2ll three types are not given off at each
transformation. Alpha and beta rays are corpuscular in character
and arc absorbed by relatively small thicknesses of solid mattere.
Gamma rays, on the other hand, are similar in character to X-Rays,
and have a much greater power of penetration. ~ The ratio of the
venetrating powers of the threce types of rays are nearly 1 to 100
to 100,000 respectivelye ft is claimed that the gamma rays from
certain members of the uranium gseries can pass through 15 inches
of solid lead and still be detected, although they drop to half
their value in passing through l.4 cme. of lead.

In the field and assay work under rcview the detecting
instruments were screened to such an extent that 211 the alpha and
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beta rays were excluded; and the gamma rays measurcd.

Gamma rays wmay be detected photographically, by electro-
scopes, lonisation chambers and by radiation ray counters such as
the Geiger-Muller Counter, The last three mentioned arec those
methods most commonly used, and, according to R.B. Rose (1),
the Geiger-Muller counter, 1s more sensitive than either the
electroscope or iocnisation chamber. In the work under review
Geiger—-Muller radiation countcrs were used as detectors.

The following table, shows the transformations which give
rise to gamma rays in the uranium, sctinium and thorium series and
in the radioactive isotope of potassiume.
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III. RADTOAGTIVITY IN THE MOUNT PAINTER DISTRICT.

As far ms the radiation measurements at Mount Painter are
conccrned, the gammae radiation from potassium is unimporiant because
thzge would be less than .00l per cent of the radiocactive isotope
(K*Y) present in rocks such as pegmatite and granite which have high
potasgsium contents relative to other rocks occurring in the Mount
Painter area, Rubidium occurs so rarely in naturc that its presence
in the Mount Painter aresa is considered most unlikely. In any case
there 1is no reference in standard works on radiocactivity, €e.ge
Hevesy & Paneth (8) to any gamme radiation arising from rubidium,

On the other hand uranium occurs in some of the deposits in
concentrations which excecd 1 per cente. The urenium isotope (285),
the parent of the actinium serics is always present with the
principal uranium isotcope (238) in the ratio of 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 surveys with the possible exception of
Radium Ridge on which occurs the No.2 deposit where notable amounts
of monazite have been reported to occur (4). -

Rose, R.B. Radioactive Exploration, The Mines Magazine, Dcc. 1941,
Hevesy G. 8nd Paneth F.A., 2 Manuel of Radioactivity, 2nd Ed. pe5l,
Oxford Uni. Prcss 1938,

See page 6. ' '

Mawson, Sir De The Nature and Occurrence of Uraniferous Mineral

Deposits in South Austrq%iaVTrgngiﬁggg;:Soca S.A. Vol.68(2) 1944,

v - .
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- 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 indicates that the
gamma radlation from & uranium ore comes principally from the trans— -
formation of Radium C to Radium ¢l. 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 used with
the Geiger-Muller apparatus dcscribed 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 results of the tests indicated that the radiation
measured wag composcd of roughly 60 to 70 per cent hard radiation
from RaC and 40 to 30 per cent hard radiation from UXg. Generally,
however, the screening used in the surveys and tests described herein
was less than that. used in the absorption tests and it is probable
that the gamma radiation from the RaC to RaCl transformation
accounted for more than 60 to 70 per cent of the total measured,

- If the members of the uranium series are in equilibrium
in o sample, the intensity of the radiation from it will be
directly proportional to its uranium contcnt (providing of course
that no thorium is present). Such a relation would form a gatis-
factory basis for using radiation measurements Tor &ssay purposess
Unfortunately this desirable condition of equilibrium dces not
¢xist in samples from Mount Painter. R.G. Thomas (2) found that
the ratio rodium/uranium was 2,70 x 10-7/1 whereas for a uranium
mineral in eguilibrium with its disintegration products it should
be 3.4 x 10-7/1, The ratio 1s only an average of those for
uranium minerals of all ages in the samples. The minerals wight
include primary ones (which would be in equilibrium) as well as the
torbernite 2nd 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
amountse The ratio thercfore indicates that the secondary minerals
must be considerably younger than the million years rcguired for
them to reach equilibrium,

However, there is another way in which the age of uranium
minerals is indicoated, namely by the ratio of lead in the ore to
uraniam contente. Lead is the final disintegration member in the
radioactive series and there is a definite relation between the
lead/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) states thot "lead is not readily
detected in individual crystals of torbernite and autunite "o -

In ccrrespondence with the writers in explanation of the above,
Dr. Stillwell indicatcd that the quantity of lead would be con-
sistent with an age of less than a million years for these
secondary mineralse.

On the other hand R.G. Thomas (4) records that "many ,
pounds' of lead chloride were separated from the Mount Painter ores
during treatment, He states that no lead vessels were used in the
separation and that "there are no recognisable lecad 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 (205.8) which 1s very
close to the value of 206 accepted for lead -derived from uraniums
An approximate estimate by the writers of the uranium in the ore
treated by ReG. Thomas places it at leas than 2,500 1b, and therefore
for every 1 1b. of lead produced, the lead/uranium ratio would be
0,0004 and would represgent an age of approximately 3 million years.

2.
B
4.

Handbook of Chemistry and Physics 25th Ed. Chem. Rubber Pub. Co. 1941,
Thomas R.G. Processing of Radium in South Australia, Aust. Chemes Inste
Jde & Proce Vole 9 Noo 6. 1942,

Stillwell Dr. F.L. and Bdwards, Dr. A.B. Uranium Minerals from Mount
Painter. This bulletin

Thomas R.G. ODPe Cit. ’
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The cxpression "many pounds" uscd by Thomes to describe the amount
of lcad chlori%e produced probably means an amount in excess of

10 1b. of lecad* which would give an age in excess of 30 million
years during which the uranium has been in the deposit, providing
6f coursc that the uranium and the 1lead produced from it have
remained together in the deposite. Drs. Stillwell and Edwards
dcscribe (2% a mineral which was found in the workings and which
they believe to be gummite (composition 92% U03, 2.8% PbO and 1%
PRG0S Dana (3) describes gummite as being an .oxidation product
> wevninites frequently occurring as complete pseudomorphs after
uranloihe Irn the No. 2 Deposit gummite occurs in vughs; and in
the No. 6 Soneoit it is also present but is not @ pseudomorph.
Nevertheless it .i-v he taken as evidence of the pre=existence in

the No.6 orebody of primary uranium minerals. ' Furthermore it might
be these primary minerals which have given rise to the greater port,
if not all the lcad that wod rccovered during treatment. The
discovery of gummite containing lead. in no way effects Thomas'
conclusion that the lead rccovered during treatment was derived
from the disintegrotion of the uranium serics.

P
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Therc appecars, therefore, to be a discrepancy between the
average age of the uranium minerals as determined by the Ra/U ratio
and that indicated by the lead/uranium ratio. It is belicved that
this cpparent discrepancy can best be explained by the following -

ia Uraonium, radium and lead derived from @ primary uranium
mineral of early Palaeozoic age? are present in the ore.
The uranium and radium are present in omounts correspond-—
ing to equilibrium, The lead/uranium ratio would be higho.

ii. Secondary uranium minerals (torbernite, etc.) were intro-
duced into the ore in quontities relatively much greatcr
-than the primary uranium mineral. This inuvroduction
occurred approximately 400,000 years 2g0.

i,

Sa

4,

Se

6o

In correspondence with the writers, Mr. Thomas explained that no
records were kept of uranium contents of the ore treated and in
fact much of the uranium was discarded during treatment. He
concedes that 2,500 1b, is @ fair estimate. At the same time he
advised that the estimate of 10 1b. lead in the ore is probably :
low in so for as his treatment would not heve recovered all the letde.
Stillwell Dr. F.L. and Edwards, Drs 4.B. - in this Bulletin
Dana's 8Ystem of Mineralogy, Seventh Ed. Vol.l Chapman and Hall Ltde,
. . : Londone.
The youngest magmatic activity known in the Mount Painter district
is not later than Palaezoici The age of the primery mineral
"pergusonite' found in the No.2 workings and determined by its Pb/U
ratioc appears to be Palaesozolce The Pb/U ratios found for two
analyses by A.W. Xleowan arc 0,003 'and 0.058 corresponding to ages
of approximately 700 and 440 million yeors respectively. The first
of these analyses is quoted by Sir. D. Mawson 5) and appears to be
that of a single sample of "Fergusonite', The. other analysis
however is that.of samples in which every grain was subject to care—
ful microscopic examination and according to Kleeman(6) =
"was carried out on five samples aggregating two grams in weight,
shows  10,6% Uz0g and 0,72% Pb0; that is a Pb/U ratio of 0,058
which corresponds to an age of 440 Million years. The diffic=
ulties inherent in the analysis and the results obtained suggest
that the uncertainty is of the order of 10%. The age of th
) mineral may thus be stated as 450x50 million years'. - ]
It is evident tha' the age determination of the latter samples is a
more reliable onc than the former. "mergusonite" is a primary
aroniam mircrsl porticularly resistant to weathering and it is not
likciy that the primary uranium mineral referred to in (i) above
was ‘Fergusonite". : :
Mawson, Sir De oP. cit. )
Kleeman, A.W. guoted in private communication of Sir D. Mawson to
Director of Mines, fidelaide, -
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The results are that firstly the average oro-centains only
approximately three quarters of the radium compereda with that-whigh
would be in equilibrium with-the-wrenium prescnt and secondly the )
amount of lead compared with the uranium gives a much lower &gc than
that of the primary uranium mineral. That enrichment by the
addition of secondary uranium minerals to the ore may have occurred
is supported by the fact that radiation measurements prove that the
breeciated zones which contain the lsolated and small uranium
deposits--more particularly those parts of the zones which have a
high hematite content—--are generally weakly radioactive. The
radiation surveys indicated that there i1s widespread but very weak
radioactivity throughout the crush zones, and further that those
parts of the zones which contain much hcematite have much greater
radioactivity. It should be noted, however, that the greater part
of the hematite contains no visible uranium minersls. At the No.b6
deposit the outcrop of the brecciated zone is composed largely of
massive hematite which was found to be increasingly radiocactive as
the No.6 ore shoot was approached, No uranium minerals were ,
visible in the greatest part of the hematite outcrop although it
may have contained a minute gquantitye The Bast Adit = 30 feet level
has been driven for 70 feet through massive hematite and the results
of assays of samples from it average 0.03% U Og e The radiation
measured at the surface in the vicinity of tﬁis adit, however, was
greater than would have been expected from such .o low uranium content
and it 1s 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 & ss2ye. It is suggested that the
activity displayed by these samples was due 8lso to decay products
of uranium, the original uranium having been leached from the

samplese

It was thought at one time that the activity of the samples
referred to above and of 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
following reasonse. If thorium had been present in quantities
sufficient to account for the excess radiation measured, then
thorium lead (atomic weight 208) would have been rccovered during
the treatment of the orese. Thorium is a primary mineral and as
such would most likely be of Palaeozoic ages Thorium of such an
age would have a thorium-lead/thorium ratio of approximately 0,03
and the quantity of thorium which would have to be present to
account for the excess radiation would be such that sufficient lead
should have been produced to affect appreciably the atomic weight
determination referred to by R.G. Thomas.l The atomic weight
(205.,8) found for the lead recovered seems to preclude the possi-
bility of any significant amount of thorium lead beilng present in
the ore and hence precludes slgnificant amounts of thorium,

Dr. Stillwe112 refers to monazite (the only known thorium=-
bearing mineral at Mount Palnter) as being "scattered sparsely
through all the prospects'" with the exception of No.2 deposit on
Radium Ridge where up to 30% monazite is recorded. Sir D. Mawson
quotes results of assays of .three monazite specimens from Mount
Pointer as 0.3, 0.2 and 0,16# ThOs respectively. If the thoris

- contents are typical of Mount Painter monazite and if Dre Stillwell's

term "sparsely" is accepted as meaning less than 1% monazite, then
the ThOg content of such deposits as the No.6 would be less than
«003%+ This figure is consistent with R.G. Thomas' statement

that the Mount Painter ore treated was virtually free from thorium,

Thomasg, R.G. OPe Cite :
Stillwell, Dr. F.L. and Edwards, Dr. A.B oPe. cite (psl5)
Mawson, Sir Ds op. cit. '

ThOm&s, R.Gc OPe Citq
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It is concluded, therefore, thet the excess radiation from
the mine samples which gave no uranium on assay, and from hematite
outcrops free from visible uranium minerals ig due mainly, if not
entirely, to decay produets products of uranium, such 2@s iocnium and
radium, being present in the samples of hematite. There is thus
evidence of a former widespread distribution of uranium mlnerals
in small amounts in the crush zones and the hcmatite bodies and that
the uranium was leached from them more than 1,000,000 years ago.
The uranium.  from such sources would have sufficient to form the
richer concentrations of secondary minerals (torbernite etc.)
forming the shoot such as No.6, )

IV. THE GEOPHYSICAL SURVETS.

As Survev- Undertaken

l. Field Work -

. The field surveys carried out with a view to locating &anad
delineating areas of high radioactivity were based on the relatively
simple assumPtion that concentrations of uranium minerals in close
proximity to the surfoce would form areas of high radiations
Further, it was assumed that the areas where radiation was most
intense would be those most likely to contain concentrations of
economic importance,

There are indirect reports that work of like nature has
bcen done clsewhercs C.S. Lordt in a report on Bear Exploration
and Radium lcases in northwestern Cancla stated that -

"Juring the sumner of 1939 an instrument designed to detect the
presence of radioactive elements was used to explore the surface
of the propecrty in a search for pitchblende deposits. No
pitchblende was found, but the work is said to indicatce that it
may occur in Zone 1 and 2 and. in onc other zone."

Ellsworth2 discusses radiation surveys by the Russian
geophysicists Bogoiavlensky, Lomakin and Cherepenikov who made a
five years study of highly penetrating radiationg of terrestrial
origin in relation to the geology of known olil fileldse. It is
claimed that gamma rays, harder than those from RaC, 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
depositse The authors ascribe the result to oil beds being richer
in radioactive elocments than the clay layers which enclose thems
Ellsworth concludes that -

UTf the results obtained by the authors are found to apply
generally it would appear that another very valuable geo=-
physical aid to prospecting, particularly for radium and for
petroleum, has been. discovered."

Recent work by R.M. Tripp3 has confirmed that the soill
overlying oll reservoirs may heve a high concentration of the
radioactive gases radon, actinon and thoron and their disintegration
products but he ascribes this to the effect of gaseous hydrocarbons
migrating upwards from the reservoir and bringing the radioactive
gases with them; the sourceg of the radiocactive gases being the
sedimentary rocks overlying the reservoir. It is only the upward
migration of the hydrocarbon gases that has produced the observed
concentrations in the soil, The sedimentary rocks of the flanks

" of the o0il reservoir would presumably contain a radiocactive content

comparable with those immediately sbove the reservoir but there
would be no corgetrofion by migrating hydrocarbon gas of raton,

~etces in the surface soil.

1o
2.
Se

Lord, C.S. Mineral Industries of the Northwest Territoriecs, Departm'nt

of Mines, Ottawa, Cannga, Geol. Sur. Memoir 230 (1941),

Ellsworth, H.V. Rare-element Minerals of Canada, Econ, Geol. Series.

No. 11 Dept. Mines, Ottawa, Canada (1932).

Tripp, R.M. Mea@surement of Soil-Air Ions over the Fort Collins

Anticline. Geophysics VoleX, No.2, LDril 1945,



.0f uranium minerals have been humerous, and Ambronn
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Heiland4 gefers to work done undergronnd.by-Van.dem

5'and Behounek- to locate pitchblende seams, and states thet

Borne

"it is likely that messurcments have been made at the surface
for the same purpose in the Belgium Congo and in Canadea,
although definite reports have not been publishedl."

Radicactivity surveys for purposes other $han the location
deals at length

with various sotl surveys in which the activity (mainly alpha ray

of the soil ges; containing radon, was measured, Soil gas activity
has been used to locate faults, fissures, contacts and some types of
mineral veins, The highly penetrating (gam a) radiation from these
features, however, has been found bg imbronn~ to be small relative
to their alpha radiation. Heiland” states that -

"anomalies caused by local concentration of radioactive
products (faults and the like) may exceed those due to
radioactive ores."

In view of Ambronn's findings, stated above, this state—
ment is probably only true of alph& or total radiation, &s measured
by an lonization gauge. Nevertheless it is a factor which must be

borne in mind when interpreting the results of @ radiation survey.

Another factor of importance might be called the depth
factor. ‘As mentioned in the preceding section of this report the
radiatlon from radiocactive substances are chsorbed by solid matter,
There is a depth of soll or rock which will be sufficient to reduce
even the most penetrating rays, ise. the gamma rays, to negligible
intensity, &nd any concentration of radloactive minerals, however
large, below this depth cannot be detected ot the surface by means
of its 'radiation. The gamma rays from radium are reduced by one
half by pessing through 1.4 cm. of lead, but it is claimed by Rosel

-that they can be detected through 15 inches of lead,. It is

considered unlikely that any uranium minerals below o depth of
three feet contribute a significant portion of the total radiction
measured in the surveys to be described, and the effects are
regarded as purely surface effectse

(11) Estimation of Uranium in Samples =

Some of the factors that influence the problem of estimating
uranium content of mine samples have been described aboves Of - these
the main ones are -

(1) The ages of the uranium minerals insofar as they affect
radiogctive equilibrium.

(i1i) 'The amoun’ of thorium, if any, which might be in the
samples, Gamma radiation from members of the thorium
series is practically indistinguishable from that from
the uranium series, - '

. To these might be added such factors &s 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 tcchniegiic adopted. These
wlll be discugsed in Section VT of tHis report which deals e¢xclusively
with the estimation of uranium content by mesasuring the radiation

from sampless

¥. Helland, Dr. C.A. Geophysical Exploratione Prenti- . Hall Incs N.Y.1940.

Borne von dem, Habilitationsschrift (Beslau) (1905).

Behounek, F. Phys. Zeit, 28, 333-342 (1927). : _
Ambronn, Dr. R., Elements of Geophysics, MeGraw-Hill Book Co.Inc.(1928),
Ambronn, ops cit,. '

Heilend, op. cit,

Rose, R.B. OPe cit,.



B. The Instruments Usede.

Four separate instruments which, for the purpose of
description, may be called models 1, 2, 3 and 4, were used at
Mount Painter.- : ! -

‘ The first of these (Model 1) was constructed in the work-
shops of the Physics Depoartment, Adelaide University, by J. Symons
and R.F. Thyer. The former was member of the Physics Staff whose
services were made available through the kind co-operation of
Professor Kerr Grant and Dr. Burdone. The instrument is a portable
Geiger-Muller radiation counter incorporating o freguency meter,

The Gelger-Muller tube is mounted in a stiff cardboord cylindcr and
is coupled to the rest of the circuit by a flexible cable about

25 feet long. The electrical impulses from the Gelgcr-Muller tube
arc fed into 2 tank circuit comprising 2 bank of condensers (20
microfarads) which discharges through £ leak resistance of 5 megohms.
The voltage on the condensers, and the leckage current through the
resistancc, rcached a more or less steldy value depending on the rate
at which the impulses are received, le.es on the amount of radiation
passing through the tube in & given time. The voltage drop over
portion of the leak resistance is used to bias the output tubc whose
plate current is used &s an indication of the average rate of
radiation impulses.

Time did not permit of a thorough testing of the instrument’
prior to field operations with a result that several fault developed
and reduced the accuracy of the resultse. It was found that the
characteristics of the valves uscd in the circuit were not constant-
leading to uncontrollable changes in output current not associated
with changecs in impulsc rate. Inaddition the ocutput meter showed a
zero drift which made corrcction of the readings difficult and, in
some.way, unsatisfactory. -The instrument wag not rcadily portable
in rough terrain such as 1s choracteristic of the Mount Painter arca,
It was.used during August/Septecmber 1944 for radiation surveys of
"smiler Greenwood" and "Bentley Grecnwood! depOsltS at East Painter
and ; the No.6 workings at Mount Painter.

The circuit. of the above instrument was mOulflCd sube
sequently and two ncw 1nutrumcntsp one (Model 2) Tfor usec in field
surveys and one (Model 3) for agsay work, were built in thc Mineral
Resources Survey's workshop a2t Canberro, The circuit used in
building the latter is given as Fige (1)s The circuit of the
instrument @alrecdy described (Model 1) and that of the ficld model
(Model 2) differ somewhat in detail from Fig. (1), but are essentially
the snome in principlec.

The ogsay instrument (Model 3) whose circuit. is shown,
comprlses three moin items -~ the Geiger Muller tube with supporting
cradle, the amplifier chassis end the meter panecl, Voltonges are
obtained from butterleS, the high voltage required for the Geiger-—
Muller tube being obteined from 10 extra light duty 103% v. batteries
in series with 4 1light duty 45 v. batteries, a total of 1215 v.
Pulses from the Geiger-Muller tubec pass through two stages of
amplificotion. They are then rectified, and develop & voltage
across 6 12 microfarad condenser with & 2 megohms lead registor.

As the voltoge ccross the condenser increases, its rate of discharge
through the resistor increases and eventually a state of equillibrium

is reached when the rate of discharge of the condenser is equal to

the rate of charginge. The voltage then remains steady and is measurcd
by 2 vacuum tube voltmeter arrangement, the meter being kept at zero
reading by a compensating voltage controlled-by a potentiometer with

a calibrated scalee. The reading of the scale 1is taken as the

measure of the activity, and experiment has shown that it is prop-
portional to the count rate.

The field instrument (Model 2) differs from that decscribed
above in that the Geiger-Muller tube atd the valve for the first
stage of emplificationsre mounted in a steesl tube and are coupled
to the remainder of the circuilt through a flexible cable about
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" 35 feet longe. The amplifier chassis, meter panel and amplificr
batteries are mounted in a wooden case attached to & ruck-s:ck
carrier while the high voltage supply (12 x 103% v. extra light duty
batteries) for the Geiger-Muller tube is mounted in another case
also attached to a carrier. '

The performance of Models 2 and 3 were considerzbly better
than that of Model 1. Under test conditions in the workshop they
appeared to be very stable as regards sensitivity and reasonably
insengitive to change in voltage of the various batteries used.
However, under field conditions where thcy were subject to lerge
changes in tempcraturc, and, in the case of the field ins truunont
subject to relotively rough handling, it was found that their
sensitivity veried over fairly wide limits. To overcome the
difficulties. introduced by this variation, a standard torbernite
sample sealed in a copper tube, was used to check the sensitivity
at frcquent intervals, and all readings were then adjusted
accordingly. '

The instruments, Models 2 and 3, were calibrated for count
rate as indicated by the mechaonical counter. As designed, the
instruments are capable of registering count-rates up to 2,000 per
minute, the normal count=-rate being of the order of 200 per minute.

‘The field equipment (Model 2) was used in surveys of areas
in the vicinity of Greenwood's Camp, East Painter, during Novcmber—
December, 1944, Owing to the limited size of the areas of high
radiation values it was found advisable to make determinations at
intervals of abouv 10 feet over @ considerablec portion of the area,
Numerous factors combined to make this work slow and tedious, and it
wag recommended that a light weight unit, fitted with headphones, be
built with the object of rapidly locating the areas of high radiation
o (over which d&tailed and quantitative work would subscquently bc done),
and eliminating such work over areos wherc the radiction + - normale
When it is rcalised that over 70 per cent of the readings taken on
the Greenwood Camp area with Model 2 were normal, and requirecd Jjust
as much time to determine as high readings, the need for such a
reconnaissance unit will be appreciated.

An instrument (Model 4) along the lines suggested was made
by Mr. Dooley in Januari, 1945. It is a modification of a wmnicl
described by R.B. Taft. The high voltage (1280 v) is obtained from
a Ford coil driven by two 1% v. torch cells in series, and feeding
a rectifier circuit. Only onc stagc of smplification 1s nccessary
to render the pulses cudible in the phones. The amplifier valve ig
biassed beyond cut-off to eliminate variations in the voltage supply
due to insufficient filtering, the pulses from the Geiger-Muller tube
being large enough to be amplified when the interference is cut out.
A circuit diagram 1s shown in Fig. (2). The whole equipment is
built into a2 box 15" x 9% x 8" and can be operated by one m2an.
Harness is bprovided for carrying the equipment on the chest of the

operator,

The Geiger Muller tubes used in cach of the Models
described were made available to the Mlneral Resources by Professor
Kerr Grant whose assistance in this and other respects' has been
acknowledged elsewhere.

® | V. FIRLD SURVEYS.

As Proceduree.

The procedure generally adopted in the field surveys was to
place the Geiger-Muller tube (which was protected by an outcr casing)
on the surface of the ground @t an obgervation point,; and the
activity was then read from the frequency meter., The observation
points were closely spaced and were either on pegged traverses or

le Taft, R.B. Two small portable Geiger-=-Muller Counters. Rev. Scile
Inst. Vole 11, No, 2 (1940), _
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were surveyed at the time of reading by wmeans of & plane table and
clidade. The latter method proved most satisfactory and was most
generally used.

The procedure of placing the cased tube directly on the
surface might at first sight eppear objectionable on the grounds that
small flakes of uranium minersls mizht thus be placed in ‘ontact with
it and by virtue of their close prox1m1ty give disvrovortlonately
high readingse. Tests were made with the tube helda at different
heights of from O to 4 feet above the surfece, and in nearly every
case it wag found thzat resdings in contact with the ground bore a
constant ratio to the readings at 4 feet. The only exceptions were
where some of the tests for variation with height were made on wmine
dumps on which relatively large amounts of urenium minerals were
exvosed. The readings were found to be abnormally high and beyond
the renge o the Ilnstruments whether the tube was placed on the ground
or at 4 feete

In the survey of “"Smiler Greenwood" and "Bentley Greenwood"
deposits at East Pzinter, and the No.6 workings at Mount Painter,
Model 1 instrument was used. It wes realised eesrly in the survey
that the sensitivity of the instrument, &s indicated by the frequency
meter reading for the normal count rate, was variable. A check was
kept on the behaviour of the instrument by meking frequent "repeat"
readings at a number of base stetions.

: Model 2 instrument, used for surveying the Greenwood's

Canp arca,was algo gubject to slow changes in sensitivity, due to
changes in voltage (caused in part by changes in temperature) of the
batteries usod. This could not be eliminated, but & strict control
was maintained. by makinguse of a gtandard torbernite sample which
wag used to determine the instrument's sensitivity at frequent
intervalse In each survey, the intensity of the radiztion as
indiceted by the appropricte meter reading was reduced to the
corresponding reading for a standard instrument semnsitivity, 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 arease

In addition to the general procedure outlined above there
are sgpecial techniques which varied with the individusal arcas and
which will be described later in this report.

B. Regults of the FPield Surveyse

The results of the radiation surveys are given in the
form of contour plans on plates 1,2,3,5 and 6. The contours are
super~imposed on the surface geological plans for the purposes of
correlation. '

T™wo different units are used for the contour intervals
due to different instruments being used. The radiation contours
of the areasg around "Smiler Greenwood", "Bentley Greenwood", and
No.6 d¢posits are comparable with one another and were determined
with Model 1 instrumente. Likewise the contours on radiation plans
for various parts of the Greenwood's Canp area are comparable with
one another, but are not comparable as regards magnitude with those
of the three areas referred to above,

‘ The repsults of the individual surveys are discussed in
detail below under the appropriate headings and the locality plan,
Figs 3, shows the position of the area relatlve to each other and
to the Mount Painter district as a whole, :
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(1) The "Smilcr Greenwood" .srca, Bast Peinters

The "Smiler Greenwood" areca is approximately 11 miles north
of Mount Psinter, and ‘its position rclative to the other uranium
occurrences is shown on the locality plan. Torbernite was first
discovered by &A.G. Grecunwood in an extensive crushed zone, formning
the summit of a ridge.

o The_geology of thc area is described in a report by

C.J. Sullivanl 2nd only sich Ffcatures of the geology &s are esscntial
to the propcr undcrstanding of the rodiction survey rcsults will be
given herc. Quoting from Sullivan's report -

", mags of porphyritic granite trending roughly north and south
and dipping at 20 to 35 degrces to the west oveorlies a series
of sedimenvary ond wmetamorphic rocks.—=-Close to the contact
hetween the two groups of rocks the granite has been crushed
and brecciated and the zone, of brecciation forms one the main
loci of ore deposition.—- The contact is a folded one and the
meximum crushing takes place &t the crests of small anticlines.
In places there is a capning (?) of hcmetite with some
mangancse dioxide. Traces of torbernite have been found
associated with the hemctite and mangeanessc. Other important
fecetures are the shear zones. The two main ones have lengths
of 180 @nd 100 feet resgpectively and would average 10 fcet in
widtha. They coneist of relztively soft material derived from
the altecration of the porphyry."

8,  Resultse

The accompenying plan, plate 1, shows lines of equal
ground radistbn as measured by the Geiger—-Muller instrument (Model 1)
ond it may bewlled a 'radiation contour' plan,. The contours are
® super—imposed on the surfece geology (after Sulliven) for the purposec
of comparison. _ .

The three most ilmportant features in the radiation survey
results arc -~

(1) A general zone of hish radiation values coincides with
the outcrop of the crushed zonce N

(ii) S8Smell zoies of higher radiction values were obtained over
the prominent hematite outcrops, & feature common to all
the areas surveyed,

(1ii) small zones of values higher than those in (i) and (ii)

- were obtained along the two shear zones &l the southern
end of the &area covered by the survey, suggesting the
concentration of radioactive mincrals within the shear
ZONE S e )

The dense hematitec which occurs in this and similar
crushed zoncs in the Mount Pointer district appears to be relatively
highly radioactive although in wany places no obvious uranium
minerals are visible in it. The reason for this has been discusscd
in detail earlier in this reportl where it was shown that the most
likely explanation is that the activity is due to disintegration
o products of uranium, the original uranium heving been lecached from

j the outcrops, '

An intercsting feature of the radiation results was the
cloge correlation between the very high zgones in the radiation
contours and occurrences of uranium winceralse Some of thesec very
high zones coincided with places where traces of torhernite or
uranophane had previously becen discovecred,. In one or two cascGsy
however, there were no uranium minerals obvious at the immcdiatc
surfacc but when small holes were dug with & geological pick,

1, Sulliven, C.J., Eest Painter - "Smiler Greenwood" working. -~ elsewhere
. this Bulletine
1. Page 6 of this report.
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torbernite or urenophanc was unearthed 2t the points where the
high rediation figure had sugzested their presecncec. This correlation
suggested that all the very high radistion zones should be thorouhgly
examined by shallow pittinge. This testing should reveal the extent
of the uranium mineralisation which, it seewms 1likely, is responsiblec

* for these high readings. v

. : It hos been .stated earlier in this report &nd is again
emphagised here, that the effecct belng measured 1s cowming from
materinl at a depth not greater than two or three feete - 4
concentration of uranlum minerals 2t thisshallow depth does not
necesarily indicate concentration at a grcater depth.

On the otheér hand, if Stillwell's theory2 thet the
concentrations of secondery uranium minerals were brougnt about not
by supergene waters but from epithermal solutions, then the occurrence
of concentrations of torbernite efc. 2t the surface could be an
accident of egrosion and might in fact be the cap of & uranium deposite

be VTCStinE-

sullivan® recommended testing at twelve places. The
selection was governed by -

1 known occurrences of uranium minerals
2 the geology, and
3 the occurrence of the rediation highs.

The recomnended sites are shown on the accompanying plane. (plate 1)

Some of the testing recommended by Sullivan was c arried
out Shallow pits were dug a2t tecst sites 2 and 3 and a shaft -was
S sunk on site 4. These test sites coincide with places where high
radistion values were recordede.

The pits (sites 2 and 3) disclosed very irregular, low
grade occurrence of torbernite, The shaft at site 4 was 13.5 feet
deep, and one sample taken at & depth of 12 feet gave no uranium on
ass8ye

1

(ii) The "Bentley Greenwood" Area, Rast Paintere

. Tho "Bentley Greenwcod" deposit is in the East Painter area
approximately § mile from Greenwood's Camo and about 11 miles north
of Mount Painter. Its p051t10n relative to the other areas is
shown on the locality plan, A radiation survey was made of an area
epproximately 500 feet by 200 feet which included the mine workingse

The_geology of the area is the subject of a repori by
C.J. Sullivanl and it is proposed to outline here only such features
of the geology as have a bearing on the geobhysical results.

: The rocks of the area, mostly granitic types, contailn
masses which are relatively coarse grained and often highly fels—
pathice These masgsses may be dykes, but their boundarics are
indefinite; or they may be merely segregzations in the granite.

: The rocks have a general eagt-west grain and are to some cecxtent
o arranged in band in this direction,. Some shezring has occurred,
the shears following the east-west trend of' the rock graine. The
shears dip south at about 60° to 709, Secondary concentration of
uranium minerals has occurred to a limited extent in the most
pronounced of these sghears. It marks the northern limit oY a mass
of dense hematite of limited thickness which covers an area
approximately 140 feet Long b7 15 to 35 feet wide.

1, Sullivan, C.J. East Painter "Bentley Greenwood" working, dsewhere in
this Bulletine

2, Stillwell, Dr. F.L. and Edwardss Dr. A.B. Uranium Minerals from Mount
Painter. This Bulletin pe 23, ’ . '

3. Sullivan,; C.Jd., ODs cite
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Thickness of the hematite is only 2 or 3 feet where it is
exposed in an open cubt at its western end. In this open cut the
hematite is resting on a relatively uncrushed and highly felspathic
rock which contains some torbernite in cavities totally enclosed in
the rock.

Tbere is no pronounced crushed zone associated with this
deposit as is the case in the "Smiler Greenwood" and No.6 deposits,
but there is & small development of crushed meterial associated with

the shearse.

8s  Resuliss

The instrument used for the survey wrs Model 1, and the
results of the survey are given in the form of » radiation contour
plan, plate 2, which also shows the surface geclozy (after Sulllvqn).

The contours show a general temdency to follow the main
shear zone and ironstone outcrop. In the centre of the ares,
however, the contours show an enlargement of the high zone to the
south of, and down hill from, the mein shear. There are two
possible explanations for this enlargemente. The high radiation
values may be due to the presence on the surface of uranium=bearing
material shed from the vicinity of the ironstone outcrop or the main
gshear, or sccondly the enlargement of the high radistion zone moy
truly reprcsent conditions ex1st1ng in the rocks insofar as it might
be due to a segregation in the igneocus rockr of & uranium—-rich mass
similar to the highly felspathic rock in the open cut.

The most casterly of the two highest radiation zones
appears to be due to the presence of uranium rich material in the
dumps and lying on the gurface near the eastern tunnel, and con—
sequently becrs no relation to the geologys 4 simall zone of
radiation highs coincides with the main shear near its castern end.
A small amount of surface prospecting may be warranted in this part
of the shear to reveal the extent of the uraniuim mineralisation
which it is beliesved is rcsponsible -for the highss .

One other feature of interest in the contours is the
relatively high zone of narrow width which occupleg the northwestern
corneyr of the area. The surface in the vicinity of this zone is
covered by talus, and no geological feature was mapped which could be
agsociated with the high values, As the zone of high values has an
east-west strike, i.e. the strike of the grain in the country rocks,
and also of the shears, it i1s probable that the radiation highs
corresnond to & slightly sheared or crushed zone. Radiation figures
obtained over thc zone were not very high and it is not considered
likely that any apprecieble accumulation of uranium minerals. would
be found along ite.

——

be Testing.

Three test pits were dug to test the southern enlargement
of the radiation contour patterns Theilr position relative to the
radiation contours is shown on the accompunylng plan (plate 2).

They all encountersd granitic rock with no sign of uranium mineral—
igation and it may be concluded that the first of the explanations
offercd above the the soubtherly enlargement of the contour pattern
is the correct one, namely, that it is due to radioactive material
shed from the vicinity of the ironstone outcrop or the main shear
ZOIE o : :

(iii) No.6 Deposit Qﬁorklngs)L Mount Painter.

The workings on the Noo6 deposlt are Lhe principal ones
in the Mount Paintor district, and practically the entire output of
uranium ore in the past came from thems. Their position relative
to the other uranium deposits is shown on the locality plan.
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A radiation survey was made of an area of approximately
600" by 150" in the vicinity of, and the north of, the No.6
workings. It embraced the crushed and ironstone zones with which
the ore shoot is associated,

» Lhelneolovy of this area is the subject of a report by
" E. Broadhurst—, and only such features of the geology as have a
direct bearing on the radiation survey results will be given here,
The following notes on the geology are taken from Broadhurst's report.

. "The predominant rock types in the immediste vicinity of
the ore deposit are banded gneisses wnich near the ore deposit have
been silicified. A prominent feature of the area is a brecciated
zone which occupied a high ridge running approximately north and-
southe Brecciation is confined to the silicified gneiss. Under-
ground the breccia congists of angular quartzite~like fragments in a-
matrix consisting largely of hewatite and felspar with the felsper
often almost completely kaolinised. On the surface the breccia has
been converted into dense hematite, :

The ore.shoot occurs &t the southern end of the
brecciated zone which extends from here for over 200' to the north.

At the southern end of the breccia near the lode outcrop

numerous fault planes occure. These all strike east-west and dip at
various angles from 30° to 76° to the south, and have horizontal
slickensides.

The lode occurs on a pronounced eagt-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 from the movement is closcly asscociated with -the
g localisation of the ore bodye. The fault plances which can be seen
at the surface at the 'south end of the brecciated zone are believed
to represent the upward continuation of the lode wall wherc it ceases
to be a pronounced wall &nd has split into scveral planes.

About 300' to the north of the open cut there is an isolated
outcrop of hematite with some coarse brcccia. A fault plane,
similar to those associated with the lode wall, is exposed in a
trench which intersects the outcrop. :

8. ResultsQ

The results of the survey are shown in the form of
radiation contour plan, plate 3, which also shows the surface
‘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 vielnity of the open cut
and mine workings is covered by dumps and loose material from the
mine workingse This material containg flakes of torbernite and
autunite and in consequence the radiation figures recorded were the
maximum readable on the instrumente. 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 arecas.

An outstanding feature of the radiation regults - and
perhaps the only one of note - is the relation between the radiation
highs and the occurrence of dense hematite.

le Broadhurst, E. Mount Painter, No. 6 workings = elsewhere in this
Bulletin.
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. Wherever densc hematite outcropped, radiation figures
were high. This was a featurc common to all the areas surveyed,
and, as mentioned ecarlier in conneetion with the results.of the
"Smiler Gréenwood" arca, and in an introduciory scction of this
report, the reason for the relatively high radioactivity possessed
by the dense hematite is thought to be the presence of radium in the
ironstone from which & primary uranium mineral has beesn leachede.

- The isolated high radiation zone at the northern end of the
area colncides with an outcrop of dense homatite. A smaller high
zonc to the edst of this also coincides with & small hemstite
outcrope. A trench through the first mentioned hcmatite outcrop has
exposed an east-west wall dippling south. The maximum of the
radiation contour »lan occurs some 10 to 15 feet to the south of
this wall, and it is possible that a wall siwnilar to that described
above may coincide with the radiation maximum. The association of
high radiation valuesg withthis ironstone together with the known
presence of an casgt-~west wall suggests that this is a place suitable
for testing. Mr. Broadhurst has rccommended such tcsting on
zeological grounds alone, but the geophysical results lend weight
to thc recomuendation.

Two other radiation highs occur within the breccisted
zone between the morthern high zone prceviously 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 radiocactivity of the dense hematite.

In the absence of any features in the radiation results
to sugpest the presence of east-west cross fractures such as have
localised the Wo.6 ore shoot, and in the absence of geological
evidence of their existence, no recommendations for testinzg these
high radistion zones are Jjustified.

be Testing,.

A shaft was sunk 2t the northern end of the area at the
gite of the trench mentioned above, This appcared to be a favour~
able place for testing owing to the coincidence of a radiaztion high
with an ironstone outcrop showing & well defined shear plane,

The shaft passed out of ironstone into granitic gneiss at
a very shgllow depth, but the shear was followed, on the incline, to
a depth of 184 fset, the shear being still present at this depth
but indeflnlue. The shaft exposed no uranium minerals nor anything
resembling lode matter.

As far as is known no surface prospecting was done at the
place 10 to 15 fcet south of the shaft where the radiation measured
was a maximum for the northern part of the No.0 area,

(iv) _East Painter (Greenwood) Camp Area, Bast Painter.

Greenwood's Camp area is gituatead anprox1mauely 4 mile
east-northeast of the East Painter Camp (site of Greenwood's old
camp) &t the junction of Heighty €reek and an unnamed creck along
which rung the camel pad to the Mount Painter divide. Its position
relative to other uranium depvosits is shown on the locality plans
Geclogists C.J. Sullivan and D.E. Gardner made a reconnadissance
survey of the area durlng which they discovered several small
torbernite occurrences. The se Were subseguently opened up by
potholes or shallow shafts and are known as the Nose. 1 and 2
prospectc. At a later stage an adit was driven for 50 feet under

the Noe. 1 pProspecte

The arca was later mapped in more detall by E. Broadhurst
and K. Llewellyn, and during thec coursc of their examination
Llewellyn discovered what is now known as the No.5 prospectle.
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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 arca which he considered most likely to contain torbernite or
other uranium minerals. The survey under roview was carried out
as a result of this recommendatione.

Ae Geology of the Ares.

The féllowingvnotgs on the geology are based mainly on
reports by E. Broadhurst Ls<,

This arca is one of rugged topography with sharp ridges
and spurs rising to 400 feet or morc above creck level. Screce-~
covered slopss of 309 and over are a common feature of the arca,
and outcrops are mainly confined to the ridges and spurs or to slopes
too steep for the accumulation of scrce.

According to Broadhurst the rocks of this area consists of
sedimentary gneisscs &nd their brecciated and granitised remnantse.
Selective brecciation seems to have occurred insofar as certain beds,
or groups of beds, have yieclded morc casily than others to ‘
brecciation. He states that -~

"the breccia shows all stages of replacement by hematite, from
practically hematite-~free breccia to roc¥ consisting almost
entirely of hematitc. The occurrence of hematite is very
irregular, and breccila rich in hematite seccms to occur in
scattered disconnected areas,"

As will be shown later the areas rich in hematite were found to be
generally the most radioactive—-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 sofiter nature of the sheared material, wide cracks
or small gullies running through the ridges occur along the shearse.
These shears which scem to fall into groups (NW - SE and NE = SW)
have been mapped only where they intersect the outerops but from
their positions on the plan it is possible that many of them inter-
sect beneatih the scree and soil surrounding the outcropss Such
intersections are rcgarded by Broadhurst as places most favourable
for the accumulation or occurrence of uranium minerals, and the
survey under review wags designed in part to situdy the radiation

- from the shears and their likely intersections.

-On one of these shears is a lode (the No.5) which
contains apprcciable amouhts of torbernite. Broadhurst hes
described it as follows. The outcrop of .this lode is about 20
feet from the main mass of brecciated rocks on a shear striking ot
32590, The shear showed at the surface as a wall of hematite rock
with & shear wall showing on the eastern side.

The lode has been developed by a shaft 40 feet deep and a
drive at the 40 feet level,. The shaft and drive were in decomposecd

ironstained granitic material showing occasional quartz veins.
Little torbernite was scen in the shaft but torbernite wes

encountered in the drive mostly associated with shears zalong which

clayey ironstone occurred, :

Prom Broadhurst's descrintion and from observation by
one of thc writers it was evident that this torbernite occurrence
differs from the No.6 ore shoot in that there is very 1little
hematite or manganese assoclated with it, and the gquartz in the lode
appears to be reel guartz different in occurrence and appearance
from the epithermal guartz associated with other uranium
occurrences in the Mount Painter area, Two possible explanations

[AV]
.

SeeApage elsewhere in this Bulletine.
See page elsewhere in this Bulletine.
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are offered to account for these diffcrences, namcly -

(1) The torbernite has been deposited in and near the shear
) from circulating meteoric water, the source of the uranium
being in the breccia which lies rclatively close to the
deposita.

(1i) The following possible exvplanation is based on a discussion
~with P.B. Nye, Assistant Director, Mineral Resourcss Survey,
who visited the area during the course of.the survey,. He
suggests that the quartz may have been introduced under
hydrothermal conditions, and that the No.5 prospect may,
in fact, be a primbry uranium lode, the torbernite being

, derived from primsry uranium minerals by the ordinary
bProcessgses of oxidation.

Torbernite also occurs st scattered places in the breccia
where 1t is generally, if not invariably, associated with hematites
In a number of such placesg the torbernite has been leached from the
outcropping rocks and only cavities containing a white mineral,
believed to be derived from the torbernite, remain. These leached
outcrops are , however, radiocactive 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 opcned up
by pot holes and revealed increasing guantities of torbernitesat
depthe Two such places gre known as the Nos. 1 and 2 prospects
and arc thus indicated on the accompanying plan. The torbernite
bodies revealed by thils surfece prospecting have an areal extent
of only a few square yards, and they occur at intervals within the
brecciated zone. ’

One of the objects of the Geiger-Muller survey was to
determine whether or not these torbecrnite bodies occurred in any
regular fashion and to delimit the area of breccla containing each
body. Such informetion was of importance in laying out a prograame
for testing their ore potentialities at depthe.

The principal object of the survey, however, was that of
prospecting along, and in the vicinity of, the known shears partic-—
ularly with respect to those places where shears might intersect.

bse Resultse.

The results of the radiation survey are shown in the form
of contour plans, plate 5,6, which also shows some of the surface
geology (aftecr Broadhurst). The instrument used for the radiation
measurcments 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 tubea.

The normal counting rete for the Greenwood's Camp area .
was Tound to be cguivalent to 2 units on the frequency meter,
corresponding to a frequency of approximately 200 impulses per

minute. Readings as high as 20 units were mecasured, this frequency
being approximately 2,000 umpulses per minutce. In a few isolated
cases, for instance over the outcrop of No.b5 Lode which contained

visible quantitiegs of torbernlte), the frequency readings wore
_considerably higher than 20 units, but the exact value could not
be determined as the readings Wcre beyond the range of the
instrumente.

During the survey it was found 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 feet and less. The average spacing of the obscrvation points,
however, was of the order of 10 feets
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. Most of the smell arcas over which high radiation was
measured were on rock oubtcrops and the effects messured werec
evidently due to radiosctive mincrals within the rock itself.
However, &s much of ths work was done on scree—covered slopes, it is
of 1mportance &t this stags to examine the probability of discovery
by these meang of any torbernite rich zones which wmight be covered
by such material. }

In the first place 1t should be clesrly understood that
the nature of the radiation weasured, nomely gamma rays, is such
that about two or three feet of solid roclr is suffici=nt to reduce
their intensity to practically =zero. In other words The gamma faJ
effect measured at the surface has its origin within two or thre
feet of that surface in the case of rocks and perhaps soucwnzt
greater depth in the case of soll or scree material.

In the ca&se of soil or scree however, there is the poss—

ibility that material shed from a uranium-rich =zone may be close to

he surface although the zone itself might be covered by a few feet
of screc oy soil. This is pertlculgrly true of stecep slopes covered
by so0il or scree, such as were cowmmon in the Greenwood' s Camp areca.
Sunport is given to some extent by the results obhtained near the
No.5 prospecta This progpect or lode occurs in a shear which out-
cerops only in one or two placese. An examination of the radiation
contours shows & closure of high rzadiation valurs along the strike
of the lode. The contour lines for lower radiation values, vize
for 3, 4 and 5 units, show a2 marked tendency to depart from the
strike of the lode and in fact have an attenuation downhill from the
lode outcrop in a direction at right sngles to'the ground contour
lines, a few of which are shown on plate 5 in order to illustrate
this point. This fact is taken as evidence that the radiation
represented by observations between the 3 and 5 contour lines is
coming from radioective material shed frowm the lode. It is quite
probable that had the No.b prospect been entirely covered by scree
its presence could have been detected by virtue of the radio~active
material in the scree above, .and downhill Ffrom it.

It is possible, however, to visualige conditions whereby
a radioactive lode and the material shed frowm it was later completely
covered by three or more feet of non~active wmaterial in which case no
radiation effect from it could be detected 2t 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 arca, The se
are shown on plate 4 in their relationship to one another and to
the Greenwood' s Camp area as a whole. :

Areca 1 is in the wvicinity of, and includes, the Nosg. 1
znd 2 prospects The results of the survey are shown in the form
of a radiation contour plan (plate 6) Contour values range from 2
units which might be teken to indicate non-radioactive materials, to
over 10 units. The latter value was obtained over an outcrop
showing treaces of torbernite.

It wag in this area that Sullivan and Gardner discovered
a number of small torbernite occurrcncese. The potholes and shafts
showin on the plan represent places where these discoveries have been
oprened UPe. The radiatioh survey confirms what the surface prosiect—
ing has alrezdy suggestecd, namely, that the rzdioactive nlnerals
occur as small bodies within the breccia.

Near the No.2 prospect the following character wmight
be read into the contour pattern. In an ¢ rea of brecciated rock
about 250 by 40 feet the radiation values, and hence radiocactive
contents, are higher than normal. - Within this area there are a
number of lsolated patches of breccia frowm which the radiation
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exceed seven unitse. The majority of such patches 2re places where
torbernite, or leached cavities after torbernite, have been found
and i1t is reasonable to assume that all such arcas enclosed by the

7 unit contour line warrant prospecting for torbernite. This value
of seven units has been arrived at from 2 purely empirical relation-
shlp between known torbernite occurrences and radiation values but
1t serves as a bacsis for assessing the possibilities of the high
radiation patches found at various places on the area.

Apart from the genersl attenuation of the modcrauely high
radiation zone in a northeast-scuthwest direction there is no regular
arrangement of the isolated high spots. Pron their dlstrlbutlon and
the nature of the breccis it is suggested that they aré small dis—
connected bodies of torbernite~rich breécia within the mein mass of
breccice. -

It is an observed fact that thesc small torbernite bodies
are generally, if not invariably, associated with occurrences of
hematite, although hematite occurs elsewherc in the area with little
or no radloact1v1ty.

Radiation survey results somewhat simllar to those
described for No.2 prospect were obtained over and near the No.l
prospecte. Radiation values higher than normal are more restricted
in occurrence than at the No.2 prospect, but the general discussion
of results in the latter case apply equally well to Noolo:

Area 2 1s that portion of the Crecnwood's Camp area which
includes the No.5 prospect and surveys pegs No.s ©6 and 9. Its
prosition in relation to the Greenwood's Caemp area as @ whole is
shown in Plste 4.

The main marpose in surveying this area was to study
radiation in the viecinity of the shears, particularly near their
probable inter~sections. The results of the radistion survey are
shown in the form of a radiation contour plan on »late 5. With the
exception of the shear on which the No.5 prospsct is situated, nonc
of thc shears proved to bc radicactive and, in general, they appear
to have no influence at all on the distribution of the radiocactive
highs.

As at Area 1, radicactive high spots secm to be confined
to isolated and disconnected bodies within the main mass of brecciated
rocks, with the exception, of course, of the No.b prospect.

It was an observed fact that many, if not all, of the high
spots in the breccia coincided with hematlue ocCcUrrences. Further,
the degree of brecciation as indicated by the sizs of the éngular
fragments comprising it, seemed to influence the distribution of the
radioactive highs insofar as these highs were confined to those .
portions of the outcrop where the rock fragments were smallests. The
“lack of activity in the shears is of interesta. Many of these shears
ere stained with manganese and iron oxides which might be btaken to

indicate that they were channels through which hematite and uranium
minerals were introduced into the breccia. Had this been so, _
however, it is difficult to explain the absence of appreciable radio—
activity even when measurements were made in direct contact with the
menganese and iron—-gtained portions of the shears. The occurrence
of torbernite in the shear on which the No.5 lode is situeted and the
-accompanying high radiation values is an excepbion to this generals
isatione. In this prospect, the torbernite occurs chiefly as platey
encrustations in cracks and on clesvages in ths rockss. There appears
to be little, 1if any, hematite, manganese—staining or epithermal
gquartz in the deposit such as . would be expected 1f the uranium
minersals were deposited from epithermal solutiono in this shear.

Two explanations are advanced to account for the occurrence of
torbernite without breccia or hcmatites Firstly that the torbernlte
“in the Mo.D5 lode mey heave been deposited from circulating meteoric
water, the source of the uranium beng the scattered bodies of
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uranium minsrals in the breccia which lies relatively close to the
deposit, and secondly, that the No.5 prospect may be a primary
uranium lode, the torbernite being derived from uranium minerals

by the ordinary nrocesscs of oxidatiok. If either of these
explanations is correct then the occurrence of radiosctive minerals
in this shear would not necessarily constitute an exception to the
general conclugion that the shears are not radiozctive.

Prospecting the radiocasctive highs should bc based on the
premise that arsas gncloassd by the 7 unit contours may contain
appreciable amounts of uraenium minceralse. To facllitate the
location of such places on the ground, indicstion pegs have been
placed in the positions shown on the radiation. contour plane In the
area under discussion, namely Arca 2, the indicotion pvegs so placed
are G.M, 7 to G.M.12 inclusive, They are case wood Degs approxi-—
mately 3 inches wide by 15 inches long and are held in place by
cairns of stones- The apbropriate number has been written on cache.

Area 3 lies due south of Arca 2 and includes survey pegs
Nose 10 and 11, Its position rclative to Areas 1 and € c¢an be seen
on the locality plan, plate 4.

Broadhurst's mapping shows tha’t ironstone outcrops over a
portion of the area and that two shears cut across the area, The
recognised association of hematite and radiocactive mineralisation led
to Broadhurst&s recommendation for & radistion survey of the areca.

The results of the radiation survey are shown on plete D,
in the form of & contour »lene. As et Arca 2, thce shesrs, in general,
were not radiosctive and appear to have little influence on the contour
patterns At the southwestern cend of the main shear, however, near
survey peg No.ll, radiction values rise to approximately 10 units.
A small amount of torbernite and lcaoched cavities after torbernite
are visible in the wall rocks at this pointa.

. As for Ares 2 the patitern of high rediction zones is
irregular. The & ssociatich of these high zoncs with howmotite
ocecurrences is morc mérked in this arcea than on Arcog 1 and 2, the
hematile being for thce most part the nassive dark veriety such as l1s
found in the outcrop of the No.6 deposit a2t Mount Painter. On the
other hand, this mzssive hematite is not uniformly radiocactive as an
examination of the contour pattern will show. Portions of the
hematite outcrop as mapped by Broddhurst lies betwsen the 2 unit and
3 unlt contour linecs, or in other words, it has an activity only
slightly greater than non-radicactive rocks.

Ce Tcsting.

As for the other areas, testing was roccomnended- over those
portions of the surface boundcd by the 7 unit contour lines,. T
facilitate the location of such places, indication pegs, numbecrcd
from G.M. 1 to G.M. 6, were placed on the area, their positions
being shown on the contour planes,plates 5 and OG.

A limited amount of testing was done &s a direct result of
the radiation surveye The zones of high radiastion were very small
and irregular and it was obvious that, even if they were found to
correspond to uranium occurrences of grade sufficiently high to
constitute orc, it would be difficult and perho)s uneconomlc to mine
them. As a2 consequence of this the limited manpowecr 2vaillable Tor
testing the Greeuwood' s Cowd area was concentrated on devecloping the
NoeH5 lode and in driving an adit into the No.l prospecte This test-
ing was based meinly on geological findings but the radiastion results
supported and cxplaincd thosc findings. The only testing which was
done entirely as a result of the radiation survey consisted in the
first plece of knepping the outcrops in the vicinity of the inddication
regs to reveal any torbernite proscnte Later, chip samples were
taken from the outcirops ncar the pegse

Mr. Broadhurst examined the sites of the indicztion pegs
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and prepared geological notes which appear in his reportlo The
knapping and geological examination :revealed at some places the
presence of minor amounts of torbernite, mainly in dengc hematite.
The chip samples were examined by Professor Kerr—-Grant® who comparcd
their gamma ray activity with that of a standard sample, presumably
of Mount Painter ore, assaying 0.09 per cent UzOg. Estimated Uz0 g
contents are given for seven of the twelve samples and range from
0el4 to 0,018 per cente. The activities of the rewaining five is

" given as less than 0.1 per cent but were not & ccurately determined.

The samples were later assaycd by T.W. Dalwood with results ranglng
from nil to 0,20 per cent U308, There is fzir agreement betwcen the
estimated and assay Uz0g contents. The highest assays are 0.20 and
Oeld per cent for G.M. 10 and G.M. 2 respectively and compare with
the estimated 0,14 and O.l11l per cent. In five other samples where

a similar comparison can be made the estimsted Uz0g contents are
higher than those found by assay which suggests that some uranium
maey have been leached from them, the radistion mcasured coming
principally from unleached radium in theme A tentative programme
for testing them by blasting off the top two or threec feet (iee.

that part most subject to leaching) weas discussed with Brozdhurst

but the need for concentrating manpvowder on more favourablc prospects
rrevented this programme frombeing put into effect.

(v) Radium Ridge Area — Mount Painter.

A limited amount of work was done over several nematite
outcrops on, and necar, Radium Ridgee The work was of a reconnaiss—
ance nature using the portablc telphone eguipment, model 4. and
estimationg of rediation intensities were made aurally,

The normal count-rate of the Geiger-Muller tube used was
about 240 pulses per minute. When the count-rate rose to about
three times this value, it was practically impossible to distinguish
any further increcase, 2s an almost continuous series of cilicks could
be heard from the headphonese. Thus while a general area of high
activity could be located, it was impossible to locate & maximum
within the areca, or to compare activities of difrfcrcent high areasa
If a Geiger-Muller tube with 2 normal count-=rate of say 15 to 20
pulses per minute were uscd, the instrument would be of more general
use, and might eXliminate the need for a survey by thec more detailed
methods which were used in the surveys previodsly desceibede

. Arcas where high radiation was detected are shaded on an
accompanying loaclity plan, Figs. 3.

High activity was confined to the hematite outcrops, more
particularly where the hematite was manganiferous. Traverses over
some non-ironstone outcrops showed no detectable change in activity
from that of the surrounding arease.

The work was done in conjunction with Mr. C. Sorigg,
"geologist who knapped over the hematite which gave high radiation
but could find no visible torbernite or other urasnium minerals
to account for the radiation observede.

I, IBTERMINATION OF URANIUM CONTENT BY RADIATION
MEASUREMENTS .

Ae. INTRODUCTION.

The work described hereunder was carried out =t Mount
Painter during February and March, 1945, A large provortion of the
mine samples assayed prior to the commencement of “his work had been
found to contain little if any uranium. A request was made therefore
by thg Director of Mines, South Australia, that{ ai approxinate deter—
mination of uranium content, based on radiation measurements, should
be made of mine samples at Mount Painter with & view to eliminating
chemical assay work on very low grade samples.

Qe

Broadhurst, E., East Painter, elsewhere in this report..
Kerr—Grant, Prof. Communiceation to Director of Mincs, Adelaidc.
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Some preliminary work was carried out at Canberra by
JeM. Rayner, Chief Geophysicist, Mineral Resources Surveys. He made
radio-activity tests on samples of Mount Paint ore which had been
assayed chemically, and established that, for the samplcs tested,
there was an approximately linear PClgthD bectween count-rﬂto and

uranium contente -

It was rcaliscd at thc outset that therc are serious limit-
ations to the accurccy of this mcthod of uranium detcrmination, as
will be discussed below, but no difficulty was anticipated in
eliminating those samples which contained no uranium or only trﬂces.

This report covers work including settlng up and ccli-
brating the assay equipment, and testing 100 samples from thc Mount
Painter No.6 workings and 12 samples from East Painter No.l adit,

B. THEORETICAL_ CONSIDERATIONS.

Several difficulties arec encountered in making cstimates of
uranium contcnt based on radioactivity measurements. These precvent
the method from being used for cccurate assay work, but provided due
precautions are taken, approximctec estimates con be madce.

Uraniumeas found in natural deposits is accompanied by a
series of radioactive disintegration products, and radioactivity
measurcments as made in the »rescnt work represent the gamma ray
activity for all these products. If the uranium has been in situ. 2nd
no member of thc scries has begen removed by leaching or other causes
for a period exceeding about & million yecars, the scries will have
rcached radioactive equilibrium, and each disintegration product will
be present in & constant proportion. In thesc circumstances the
totel radioactivity will be proportional. to the uranium contcnte

It has becen shown, howevcr, in an earlicr section of this
report, that uranium in the orc from thc No.6 shoot is not in cquil-
ibrium with its disintegration products R.G. Thomas 7determin-
ation of the average pradium uranium rutlo wasg 2.7 x 10 ageinst o
theorctical 3.4 x 107 for radium and uranium in eguilibrium. It
however, the ratio found by Thomas cpplied also to the brecciated
zone and is uniform throughout the zone, and if thorium is cither
absent or present only in minor amounts in thc orc, then there
would be 2 lincar reclationship between the uranium present in the
samples from the breccisted zone ond the gamma-radiction measured «
from them.

It wacs p01nted out carlier in this rcport that the
pr1n01ple source of gammo rays from the uranium fomily is the
tronsformation Ro C to Ra C'. Owing to the short half life
periods of the disintegration products betwecen radium and Ra C the
latter will be in equilibrium with the redium., It follows, therc-
fore, that the use of radiation measurcements &s @ means of detgr-
mining uranium content of ore samplcs will be effective only if the
Ra/U ratio is constant for all samples. Conversely if the ratio
betwecen radiation measured and uranium content is constant for a
number of samplcs it can be fscumed thet for them the Ro /U ratio is
constant. .

A set of ten sawmples from the No.6 deposit,Mount Painter,
wus tested ot Canberra by J.M. Rayner. He found an approximate
linear rclqtion between count-rate and uranium content,so that for
these samples, there 1is a reasonably constant Ra/U ratio. The test
wos repeated by J.C. Dooley et Mount Painter with seven samples from
the No.6 deposit Mount Painter (mostly different from those used by
J.M. Royner and probably not from the No.6 shoot) with similsr rc-
sults. The graoph Fig 4 shows that with these samples (Set No.2)
there is also an uporox1mutcly lincar rcletionship between gowmmna
radistion and uranium content and hence ¢ rclatively constant RL{U
ratio. The relationship between gamma radiction.apd uranium content
%igpa%gg determined Tor o set of semples (Sot No.l) which hcd been
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from a quantity of dean torbernite (probably from the No.6 shoot) dil-
uted with crushed guartgzite. The graph is shown in Fig. 4. It is a
straight line indicating a constant Ra/U ratio as would be expected
but the interesting feature of the result is that it indicates that
the radiation measured for a sample of given UzOg cohtent is on the.
~average 30% less than for a sample of ‘equal UzOg content from set No.2.
If the age of the secondary uranium minerals in the mine samples (Ho.Z2
set) was the same as in the prepared set (No.l) then it may be assumed
that the mine samples contaln radium in excess of that produced from
the uranium they contain. In connection with this problem Mr. Dooley
carried out a series of absorption tests using three samples, one from
Set No.l, one from Set No.2 and cne from 'ilmenitic' ore from Radium
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 garma
radiation from the uraniun fanlly namely tfrom the transformaticn of
UXo and RaC with absopption coefficients of 0.72 cm. and 0.50 cm. Pb
respectively. A gomparison of the observed curves with the theoretical
reveals that their absorption characteristics lie between those of the
two gamma rays quoted above.

It is estimated that the radiations from the three sémples
exanmined could be of the form as under -

: % Camma Rays X Gamma Rays
Sample % Uz0g from UXg from RaC
hadium Hill Unknown >4 66

Mount Painter
ore {(set No.2) 1.44 29 71

Mount Painter
torbernite sample
(set Nc.1) 2.00 38 62

These figures sugsest that Mount Painter ore (Set No.2) has a
greater Ra/U ratio than either the sample from Radiurm Hill or HMecunt
Painter torbernite; they also suggest the possibility of distingulsh-
ing by such absorpticn tests betwsen the radiation from uranium and
that from radium in any given sample. UXg will be in equilibrium with
uranium because 1t and the product (UX1l) intermediate between uranium
and UXs have short half periods and will therefore require only a
short time (of the order of mcnths) to ready equilibrium,.

As radium salts are very insoluble it 1is consluded that the
excess of radium in Set No.2 as compared with Set No.l has been pro-
dused ffom uranium that was previously in the samples and has been
removed in solution. The results of the tests with No.2 Set of
gsamples and tests with mine sarmples in general indicate that on the
average the samples contain more radium that 1s 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 of none
of the samples will fall, On the other hand this minimum Ra/U ratic
may be greatly exceed as 1s 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
107 for ore from the No.6 shoot instead of the ratio of 3.4 x 10~
which corresponds %o eguilibrium conditions. It follows that, if’
the secondary uranium minerals have only 80% of the radium content that
they would possess in equilibrium, the radium content of the minerals
from :

FA—
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which this uranium was leashed to form the secondary uranium minerals
must now have only 207 of thelr original radium content, One of the
two samples mentioned in the preceding paragraph had an activity
similar to that which would have been measured for an average sample
containing 0.07% UzOg. No uranium was detected by chemical assay so
it mlght be concluded that this sample originally contained about
0.25% uranium (the radium in a normal sample being responsible for
about 80 - 70% of the activity measured).

. In the above discussion 1t has been assumed that RaC whose
transformation to RaC' is responsible for the greatest part of the

gamma radiation measured, 1s in equilibrium with the radium. It can

be assumed that .the radium is sufficiently old for this condition to

be attained but there i1s a possibility that, on the preparation of the
mine samples for testing, one of the dislntegration 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 ©
only 1in extremely small amounti 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 pulverigsing of the samples resulted in a
loss of radon. They consequently made a practice of keeping the
pulverised samples sealed for 30 days before determining their radilo-
activity, eand thus restorsd eguilibrium.

The activity of one Mount Painter sample was measured 7 hours
after pulverising and a¢ . 'n 7 days after pulverising. As the half-
value perlod of radon 1s 3,86 days, this 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, was 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 again. If
any radon had escaped whille the sample was exposed to t he air, a
decrease in actlivities should have been shown, as the two hours was
suff101ent to allow for the decay of the short life products radium A,
B,C,C' and C" Howsver no decrease in activity was found. Prom these
tests it was con"luded that no radon wss lost from the samples tested

The totalr adiation emitted by the radiocactive parts of a
sample in the appropriate direction does not all reach the Geiger-Muller
tube owing 1in part to absorption of the rays by the sample itself. Thus
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, whieh are far more highly absorbed
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 dilscrep-
ancies could be further lessened by ensuring that no great thickness
of sample was. traversed by the rays. The maximum thickness in the
tests described in this report was equal to the internal tube dlameter,
1.e. about half an inch.

Moreover, according to Hevesy and Paneth® the gamma ray
absorption coefficients for various substances are very nearly proper-
tional to the denslty 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 samples. .

1.

2,

Beers, R.F. and Goodman, C, Distribution of Radiocactivity in Ancient
Sediments, Bull.Geol.Soc.,Amer.Vol.55, No.1l0 (1944)

Hevesy, Gand Paneth, F.A. op. cit.
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It should be noted that uranium itself emits practically 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 empha51zed.

The presence of thorium minerals in a sample would give a
high activity reading in relation to Eranium content. However, 1t
has been shown earlier in this report-that it is unlikely that
thorium cccurs in the samples tested in guantities grecater than

traces,

Thus it will be ssen that accurate determinations of uranium
with a Gelger-Muller counter are not possible. However, if measure-
ments are based on comparisons with samples from the same area whieh

‘have been chemlecally assayed, and if gamma rays are used, very approx-—

Imate estimates of uranium content can be made; though checks should

‘be made by chemical assay of any samples, the results of which are

considered Important.

C. EQUIPMENT AND PROCEDURE.

The Geiger-Muller counter used for this work was that
described already as Model 3. The Geiger-Muller tube 1s supported
in a wooden crad.’le, constructed in_such a way that five iron tubes,
each about one foot in length and £-inch diameter, can be arranged
around the Gelger-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 thoroughly
mixed, and each of the metal tubes was filled with 72.5 gm. of the
pulverized sample, making a total of 362.5 gm. or about 0.8 1b. The
material in each tube was packed down just sufficiently to allow
insertion of the stopper. The five tubesd 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 positionwas about 13 per cent lower than when
the tubes were removed. Hence all readings wers taken with five tubes
in position, empty ones being replaced w1th full ones as required.

The activity 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 reading with the sample in position.

In actual practice the meter reading did not remain steadily
at zero having once been set there, but fluctuated 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 reading 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 gm. of the standard sample containing 2.0% UGz; and thils was used
as a check on the eensitivity of 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
meagurements on samples;,and it would be available if the equipment
were moved to another site where the normal reading might not be the

1.

Seec Page 6.

ez
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same. It was found, however, that the ratio of standard sample reading
to normal reading was reasonably constant, and measurcements of the ~
standard were made only occasionally. .

There was a noticeable decrease in sensitivity during sny set
of readings. Hence measurements of the sample and normal readings were
alternated in a symmetrical arrangement, so that when averages of the
readings were taken, errors due to a steady decrease of sgensitivity wers
eliminated. The procedurc finally adopted was as follows: normal.
sample, sample, normal; then repeat. It was found necessary to walt
about two minutes between readings when there was likely to be any
change of reading, to ensure that the condenser had charged or discharg-
ed to 1ts new equilivbrium voltage. ' .

D, CALIBRATION.

Two sets of standard samples were used in calibrating the
instrument. The first sct was prepared by Mr. Dalwood, South Australian
Government Analyst, from clean torbernite diluted with crushed quartzlte,
there being about 1 1lb. of ecach sample. Samples were supplied in _
intervals of 0.1% from nil to 1%, and also for 1.5% and 2.0% UOz. The
second set consisted of seven samples from the No.6 deposit at FMount
Painter and which had been assayed. There was 100 gm. of cach sample,
values being .05, .10, .17, .25, 35, .40 and 1.44%.Uz0ge.

With the first set of samples, readings were taken using all
five tubes from O to 0.4%; using three tubes from 0.1% to 1.0%; and
using one tube only from 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 ratio of the slopes of the graphs being 4.7; 3.13

» -

Owing to smaller quantities of the second set of samples being
avallable, measurements were made using one tube only. The readings
corresponded approximately to a straight line (it should be remembered
that when usling one tule with small percentages, 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 difference due to expressing percentages in terms
of U0z or UzOg is only 2%. :

As explained in an earller section of this reportl, the
difference in the ratios (reading/percentage UzOg) 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 longer 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 1t was belisved that the mine samples (Set No.2) would
more c¢losely 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 uranlum content
of mine samples.

As it was anticipated that the great majority of samples to be
tested would be of low grade, flve tubes of these were used in order
to obtain readings as high as possible. These readings were compared
with the 5-tube graph of the No.l set of samples; but estimates of
péercentage were based on the No.2 set, a correction factor being
applied in accordance with the graphs of fig.4. This glves a ratio
of reduced reading to percentage of 9.0 : 1.

1.

See page 23 this report,
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E. TESTS ON UNASSAYED MINE SiMPLES.

The activity measurements had a mean uncertainty of about
0.01%, Hence this was the lowest guantity that could be detected,
though not always reliably. Samples tested were classified as

focllows =

. Estimated Uz0g Content based
on Activity Readings. Class.

0 (No measurable activity) N - Nil - Very probably less than
0.1% Uz0g if any

0,01% T - Trace - of the order of 0.01%

0,02 to 0.07% L - Less than 0.1%

0.08 to 0.12% C - About 0,1%

0.13% and higher M - More. than 0,1%

Samples in the last two classifications were recommended

for assay. A summary of the results is glven,

Class _Mount Painter No.6 ____East Paipter No.l adit.
N 44 -
T 14 -
L 32 4
C 9 5
M 1. %)

Total . 100 12

AllLl samples from the No,6 workings were channel samples,
o while those from E.ust Paintsr were bulk samples, Samples submitted
 for test were as follows - '

M, PAINTER NO.68 WORKINGS.

50 ft. Cross cub -~ 16 samples taken along the wall over
3 ft. sections, Traces found in nearly all samples,

80 f+t, Sub-~ievel - 18 samples at 3 ft. intervals, 8 ft.
to 59 ft. Definite radioactivity all along, rising towards
the end with a maximum at No.l6, at 53 ft.

100 ft, Drive -~ 25 saﬁples at 3 ft. intervals. Very few
indications of activity for the most part; definite but
small activity from No,1l9 onwards.

100 ft., Cross—-cut - 10 samples taken along the wall over
3 ft, sections. Traces 1in some.

Winze from 100 ft. level - 12 samplés at 3 ft, intervals,
depth of 18 f't. to 5L ©t, Only one sample showed a trace

of activity.

150 ft., Sub-level - 2 samples only, no indications of
activity,

) South Pcritasl Drive - 17 samples at 3 £t. intervals;
definite inaications cof activity from samples Nos. 1 to 10,
the rem=2ining 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 PATNTER NO.] ADIT.

12 bulk samples, from 12 ft to 50 ft. Definite indications of
PaleaCuLVluy all aliong, hlghest readlng from sample No.8 (32 ft.
9 1n. tc 35 ft.)
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Details of the measurements are shown in the tables
appended Ten samples from the Noy6 workings (nine class C and
one c¢lass M) and eight (five class C and thrce class M) from East
Painter No.l adit, were regcommended for agsay. 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 1s a reasonably close agreement between the chemical
assay results and estimation of Uz0g based on radiation measurements,
or in other works the Ra/U ratio for these samples was approximately
uniform and the same as for the No. 2 set of mine samples.

The chemical assay results for the ten samples from the
No.6 workings however were much lower than was estimated from the
radiatlon results and ranged from 2/3 to 1/5 of the estimated UzOg .
content, If 1t 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 origihally up to 0.4%
Uz0g and averaged -about 0.24% UzOg. These figures would be lower
if the secondary uranium minsrals were younger than has been assumedy,
for in thls 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 distingulshing between the radiation from
radlum C and Uranium Xo and hence determining separately the radium
and uranium content of samples. The tests, however, were not applled
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 the object for which they were designed, namely of elimlnating
samples too low in uranium to warrant chemical assay.

The results described herein illustrate the fundamental
Adifficulty of assessing uranium content of secondary uranium ore such
as that from the Mount Painter No.6 deposit. '

The UzOg contents of the ten samples from the No.6 deposit
assayed chemica%ly were all lower. than those estimated by radlation
methods and 1t 1s belleved 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 0.08% UzO0g it follows that no
samples with an actual UzO0g content in excess of this were rejected.
On the other hand the average Uz0Og content of the eight samples from
East Painter 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 UzOg contents as high as 0.1 per cent.

VII., GENERAL CONCLUSIONS.

It is believed that the fileld work described herein has
shown that the Geiger-Muller radistion counter has a useful though
limited application in prospecting occurrences of uranium minerals.
Its chief drawback 1s of course its limited range insofar as the
radiation measured is essentially a near-surface phenomenon.

The fleld surveys revealed numerous small zones of high
radiocactivity. A small proportion of the zones was tested by knapping

and by shallow pilts.but without exposing any torbernite deposits of
economic importance. The fact that the surveys described herein

falled to disclose uranium deposits of economic value 1s not necessarily
evidence that the methods would not have succeeded in reveallng such
deposits if they had been present in the areas surveyed.

Thelr most valuables contribution to the investigation of the
Mount Painter field has been in supporting and clarifying geologlcal
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premlses and in giving a plcture of the distribution of radio-
active mincrals. The radiation surveys demonstrate most clearly
a coincldence 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 interpreted as meaning that this
hematlte ‘-contains radium formed from original minerals from which
the uranium has been leached during the past million years. :

The ratios between the quantities of radlum ‘and uranlum ’
and lead and uranium in the ore sheet in the No.,6 deposit have been
consldsered 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 far in sxcess of that which would have
been present had the secondary minerals alone been 1ts source.

The 1ead/uran1um ratio of fergusonite (the only primsry
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 Palacozolc agé are present in the ore.
The uranium and radium are present in amounts. corresponding
to equilibrium. The lead/uranium ratic would be high.

(11) Secondary uranium minerals (torbernite etc.) wers intro-
duced into the ore in quantities relatively much greater
than the primary uranium mineral. This introduction
occurred approximately 400,0C0 years ago.

The results are that -

(111) The average ore contains only approximately three gquarters
of the radium compared with that which would be in equilibrium
with the uranium present.

(tv) The amount of lead compared with t he 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 reaiocactivity of the -crush zones
in general is taken as evidence that the crush zones have been Ileached
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 ectc,) sdch
the No.& ore sheect.

In the early stages of the investigation the Gelger-Muller
equipment proved a useful tool by determining for the geologlsts ,
whe ther the different minerals found by them were radloactive or not.

As far as the .assay work was concerned %ths equipment's mein
usefulness was in indicating those mine samples whose actlvities werpe
so low that 1t was csrtain that they contained only traces or very :
minor amounts of uranium and consequently obviating the necessity for
chemlcal assay work on them. .

Canberra.
15/5/45.

. l -

Mawson, Sir D, op cit.



V111, RESULTS OF ACTIVITY TESTS ON MINE SAMPLES

The numbers and positions of the samples are those_ supplied
by the Mine Managor. )

N - N1, 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. % UzOg for assay. result.

MdUNT PAINTER NO.6 WORKINGS.

100 ft. Drive.

1 .01 0 N No
2 -.02 0 N n
3 -,03 0 N il
4 0 0 N n
5 -,04 0 N "
6 4602 o} N "
7 -,02 0 N "
8 +.02 0 N n
9 ~,04 0 N "
10 +,05 0 N "
11 .15 .02 L. "
12 .02 0 N "
13 -.01 0 N "
14 ,01 o} N "t
35 .05 .01 - "
15 -,04 0 N "
17 ) o] N "
18 .10 .01 T "
19 .19 : .02 L "
20 W37 .04 L n
21 .28 .03 L v
22 .24 .03 L n
1A 029 .03 L v
2A v 30 .03 L "
34 .28 .03 L "

100 ft, Cross-Cut

1 x 0 to 3 ft. .12 . .01 T No.
2 x 3 to 6 ft. .30 .03 L "
3x 6 to 9 ft. .16 ,02 L u
4 x 9 to 12 ft. . .06 .01 T u
5 x 12 to 15 ft, .03 .0 N . u
6 x 15 to 18 ft. .06 .01 T "
7 x 18 to 21 ft. -,03 0 N "
1A 223 to 25 ft. .05 0 N "
2A 25 to 28 ft, .04 0 N "
O N ]

3A 28 to 31 ft. -, 03



Sample Reduced Estimated Recommended Assay
No. From. Reading. % Uz08 Class for assay. result.
50 ft. Cross~Cut.
1 0 to 3 ft. .08 . .01 T No.
2 3 to 6 ft. 08 .01 T "
3 6 to 9 ft, .09 .01 T "
4 9 to 12 ft. . .02 L u
5 12 to 15 ft. .01 0 N "
6 15 to 18 ft, .06 .01 T "
7 18 to 21 ft. .18 .02 L "
8 21 to 24 ft, 07 .01 T "
9 24 to 27 ft, .05 0 N "
10 27 to 30 ft, W17 .02 - L 1
1A 36 to 39 ft. (12 .01 T L
24 39 to 42 ft. 0 0 N i
3A 42 to 45 ft, 22 .01 T "
4A 45 to 48 ft, .15 .02 L "
5A 48 to 51 ft, « 07 .01 T "
6A 51 to 53 ft. -.03 0 N "
20_ft. Sub-Level.
1 8 ft, + 49 .05 L No
2 11 rt. b 4’7 +05 L u
3 14 ft, .41 .05 L n
4 17 f%, 41 .05 L 1
5 20 ft. .55 06 L "
3 23 ft, .37 D4 L "
7 26 ft. s .06 L "
3 29 ft, .51 .06 L i
9 32 ft, .82 .09 C Yes -C2
10 35 ft, .25 .03 L No
10 38 ft, .65 .07 L "
i2 41 ft. .24 .03 L "
13 44 f+t, .84 .08 C Yes .02
14 47 ft, .72 .08 c n .03
i5 50 ft. 1.00 .11 C n .02
16 53 ft,. 1.38 LA M " .07
17 56 ft, .70 .08 C " .02
18 59 ft. .83 .09 ¢ " .06
100 ft. Winze.
1 18 ft. .02 0 N No
2 21 ft, .02 N O N "
3 24 ft, .08 0,01 T "
4 27 ft. 01 0 N n
5 30 ft, -.01 0 N u
6 33 ft. +l02 O N t
7 36 ft, ,02 0 N "
8 39 ft. 0 0 N "
9 42 . ft, -.04 0 N "
10 45 ft. .04 - 0 N "
11 48 ft. .03 0 N "
12 51 ft. .05 0 N "



Sample Reduced Estimated Recommended Assay
No. From Reading % UzOg Class for assay result
150 ft. Sub~level.
1 .03 0 N No'
2 "ool . O . N L
South. Portal Drive,
1 .71 .08 C Yes .02
2 1.10 .12 C n .07
3 .51 .06 L No
4 .73 .08 C Yes .04
5 } .31 .03 L No
6 .37 .04 L "
7 . 50 .06 L v
8 .24 .03 L "
9 .21 .02 L u
10 .28 .03 L v
11 .02 0 N "
12 0 0 N "
13 .03 0 N u
14 ~,03 0 N. "
15 -,03 0 N v
16 -,02 0 N 1t
17 —-,01 0 N "
EAST PAINTER.
No,1 Adit (Bulk Samples)
1 12 to 15% ft, .82 .09 C - Yes .11
2 15% n 18? ft. .81 .09 C " .08
3 18% " 205 ft. .78 .09 C " .12
4 204 " 23 ft. .48 ,05 L No
5 23 " 25 ft, .59 .07 L "
6 25 " 28% ft. 1,25 .14 M Yes .17
7 28% " 322 ft. 1,35 ,15 M " .17
8 32z " ®6 rt, 2,28 ,25 M " 22
9 36 " mg rt. 0,99 L1 c " «13
10 39 ' 42 ft. 1,10 .12 c " .15
11 42 " 45 ft. 0.60 .07 L No :
12 45 " 50 ft. .38 .04 L. "
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' PART V_ - ORE_TREATMENT REPORTS.

- o xd U

1. URANIUM ORES FROM MOUNT PAINTER (First Report).
BY |
"Professor H., W. Gartvell and D. R. Blaskett.
Joint Investigation of Council for Scientific
and Industrial Research
and the

3>uth Australian School of Mines and Industries.
Bonython Laboratory. Adelaide.

1, SAMPLES:-

At the beginning of this investigation there were several
samples of Mt, Painter uranlum ores in thls lalo ratory which had been
used for experimental work about fifteen years ago, and many of the
tests descrlibed in thils report were made on these o0ld samples.

In addition to these samples this laboratory has over the
past few months prepared for analysis several hundred samples from
the current exploratory work and from ¢ld dumps., Scme of this
material has also been used for testing. :

2. INFORMATION REQUIRED: -

We were requested to cxamine the samples with a view to
devising means of concentrating the uranium minerals.

3. DESCRIPTLON OF SAMPLES:-

@ A lengthy description of the uranium minerals and associated
gangue 1in Mt. Palnter ores has been given by Dr, Stillwell in
Mineragraphlic Investigations Report No.315 but in order to get a
clear idea. of the concentratlnc problem a few brief extracts should »
be sufficient.

"The uranium minerals occur in an area of granitic rocks,
frejuently in brecciated zones, which often coincide with the outcrops
of small areas of ironstone. The granlte approaches a pegmatite in
character, and consists essentially of quartz and rsddish microcline.
Digssemlnated ferromagneslan minerals are typlcally absent, but bands
and schlieren of bilotite rock, or biotite-garnet rock, presumably
related to the granite occur occasionally. .

The uranlum minerals so far discovered in the various prospecua
and lodes are as follows:- autunite, torbernite, meta~tmarbernite,
uranophane and an unindentified uranium gilicate, dewindtite and
related lead uranium phosphatss and fergusonite. Associlated with
them are various primary minerals such as hematite, monazite, pyrite
and fluorite, and various alteration products and seccondary minerals
such as psilomelane, goethite, collophane, iron phosphates, limonite

and gypsum.,
A, Autunite CalO. 2U03.P205.10hp0

Autunite was a prominent constituent of the rich shoot
" . formerly extracted from No,6 workings, 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 seams and vughs, intimately associated with colloform manganese
and limonitic minersls, as the cement of a breccia. The scams
frequently .consisted of massive lemon—yellow to sulphur—yellow plates

up to 1 cm. across.

Autunité has refractive indices between 1.550 and 1.575. It
is uniaxial or very nearly so, and optically negative. In ultra-
violet light 1t fluoresces a vivid emerald green. -
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B, Torberniter(CuO.2U05.P205.8H20) 5
and Metn-Torbernite (Cu0,2U0z,P2°5,8H20).

Torbernite or its dehydration product, meta-torbernlite is the
most prevalent of the uranium minerals in the Mt., Palnter prospects
being present in all of them. Commonly, it is the most abundant
mineral showing, but in the No.2 Workings 1t is present only as
occasional flakes,

The two forms of torbernite are gencrally found in close
assoclation in hand specimens. Neither of them normally fluoresce,
30 that theﬁ can be. distingulshed only under the. microscope. .The
torbernite has refractive indices between 1.58 and 1,59 and 1s
strongly pleochrolc 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 unlaxial figure
of negative character. Flakes at right angles to the clcavage show
hlue polarization c¢olwurs.

The meta-torbernite has a higher refractlve index, between
1.62 and 1,63 and -cleavage fragments arc practically isotropic. It
also has a higher specific gravity. The meta-torbernite shows a
.weak uniaxial figurec on cleavage plates and 1s optically positive.
Polarization coluurs wuf fragments at right angles to the cleavage
arec a dlstlnctlve purple, a 1llttle bluer than the colour of a gypsum

plate.

4, GENERAL DISCUSSIQN ON METHODS OF CONCENTRATION;-

The samples which we have on hand are almost all from the No,
6 workings and the problem of concentration 1s essentially the
separation of torbernite from a gangue conslisting pricipally of
hematite, guartz and microcline with smaller guantitles of biotite

At the beglnning of this investigation 1t 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 treatment plant 1s to handle this ore, the
final stage of uranlium recovery must necessarily be a leaching process
and the 2im of any vre treatment should be to produce an enhanced
grade of material for leaching. The amount of water required 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 stralght leaching process wr a comblned wet
concentrating and- leaching process were used, The former wuuld however
glve the higher recovery of uranium in the ore. and hence; considering
only recovery and water consumption, wwuld 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 rcquircd. Nevertheless
wet concentration processes were by no meens rulk d out since 1t was
believed that if necessary avallable 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 currcnt testing programme snd also in the
series of tests made here about fifteen years ago and brief mention
will be made here of the various methods tried.

A, Wet Procecssess-

(a) Jigging, tabling and classification all 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 the material arc as follows:-

e



Mineral Specific Gravity

TorberNite seeeeeeceaoesssns 3.2 - 3.7

. Hematite cec e et aasananas 4,9 - 5.3
- Quartz s e e e es et et s e 2.65
‘Microcline .. iitienvrnraas 2.55

Biotite c et st et et e e 2.7 - 3.1

It will be noted that the speclflc gravity of torbernite, the
chief uranium mineral, is between that of the silicate gangue 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
1f the specific gravities of the various minerals conformed to the
above figures, but from their behaviour, in testing i1t appears that
much wider variations occur, probably due to porosity resulting
from weathering, and this varlation together with the variation in
particle shape makes the separations impracticable. The fact that
torbernite 1s commonly tabular increases the difficulty Of separating
it from the lighter gangue minerals.

(b) Under wet processecs 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 encouragement 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 made on floatling the uranium minerals.

Preliminary tests vn khizh grade uranium mlneral showed that
it could be floated with several different reagents, but later tests
showed that control of the gangus would present the greater problem.
Flotation from a clean siliceous gangue could probably be developed
80 as to give a good separation but even small quantlities 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) Goncentration by differential grinding. Much of the
torbernlte in the samples 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
soparate the thin torbernite flskes from the gangue and subsequent
screening will concentrate the torbenite in the finer flakes.

Such a process could be used as a means of prelimirary concenwration,
but neilther a high récovery nor grade of ooncentrate could be
obtained by this process. A crude process of this nature was usud
in preparing ore for shipment years ago.
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FIG. 1. EARLY TREATMENT PLANT., MT. PAINTER (NOV. 1926).

(v) Magnetic concentration 1s a means of concentrating certain
types of Mt. Painter ore, but the varying nature of the gangue
would not permit its use alone as a concentrator. On ores in which

the gangue is predominantly hematite a large percentage of gangue
could be rejected as a magnetic concentrate, but on some ores in

which the gangue is principally silicecus the magnetic concentration

would affect almost no enrichment

() Sticky~surface concentration was suggested as a means of
separation when 1t was noted how the flakes of torbernite would
adhere toc any slightly 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 diamond concentration. In recent
years similar processss have been tested experimentally for other
separations (see for example, "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 suiltably prepared surface towhich
certain constituents of the mixture will adhere if %he surface of

the mineral is properly conditioned. The process therefore depends
fundamentally on the same principles or the o0ll agglomeration process.

The process we have been testing in this laboratory differs
somswhat from these sarliser procssses, but for want of a better name
we have called sticky surface concentration. In this work the
ore, after crushing to about 20 mesh, 1s fed dry onto a glass
surface coated with a2 thin film of o0il to which the torbsrnite sticks
more readily than the gangue. From cobservations of the experiments
it is believed that the chief factor operating to cause selection
of the torbernite is the flaky nature of the 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
characteristics of the torbernite has showed considerable promise as a
means of separsting torbernite from the varying types of Mt. Painter
ores and much time has bsen spent in trying to develop a laboratory
machine for more extensive testing. More details of the development
of our laboratory machine and results achieved by it will be given '
later but 1t has now reached the stage where we can state that the
machine seems capable &8f making a good recovery of the torbernite
while enriching the grade several times.,

5, DETAILS OF TESTS:~-

Beecause of 1ts vivid colour, torbernite if present in
appreciable quantities (say above 0, 27 is easily distinguished in
samples and much of the preliminary testing of these ores relied on
visual examlnation of the 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 hematlite 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 ar:s not amenable t0 such concentration.
The somewhat higher gravity and the flaky nature of the torbernite as
compared with quartz and silicate minerals, glves 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 tests were made on high grade uranium
mineral which had been separated by hand picking from specimen ore.
Torbernite is a hydrated copper uranyl phosphate and possible
means of floating such a compound are:-

1. Flotation with a xanthate and sodium sulnhids.

Y 4 2. Flotation with a mercaptan type reagent,
3. Flotation with a fatty acid reagent.,
4, Flotation wlth more recently developed cationic

rcagents.

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 condltions. 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 1little fuel o1l brought about
almost complete flotation of the torbernite. In the presence of
gangue, however, this collector combination had alziost 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

. presvented flotation, presumably hecause of absorpticn of the colle ctor
by the slime. Of the other reagent tried, flotation with trimethyl
cetyl ammenium bromide and with Dupont Q seemed the most encouraging.
Each of these rcagents floated the torbernlte over a wide pH range’
‘but selection from siliceous gangue was best in acld pulp of ph 3 - 4,
linfortunately as in flotation wlth olelc acid a small gquantity 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
contlnually makes further slime. :



Summarizing, although flotation could probably be developed
to separate torbernite reasonably 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 bheen made ags yet, in this 1nvest1gation
on this process since we have been working on samples sent for
assaying and have not received any sample which could reasonanly be
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 wvaluable adjunct to a concentrating mill. To i1llustrate the
results which might be expected from such a process the results of an

early test arc reproduced here:-

""ample. 0,60% U308

The ore received in lumps up to about S5 inches was crushed
in jaw crusher and rolls to about 5 per cent plus # inch and then
given a light grind 1In a rod mill, followed by scresning. The
distribution of total welght and of uranium in the sgscreened fractions

is shown in the following table:

#

s
Distrivbution
Fraction % by %
Welght [ U308 |ypanium | Cumulative | Cumulative
% % Uraniun % Welght
Plus 30 mesh 62,1 ,08 8,1 8,1 62.1 -
30/80 mesh ‘1 13,5 .47 | 10.6 18,7 75.6
80/180 mesh 7.0 1.32 | 15.2 33.9 82.6
Minus 180 mesh sand 3.7 2.15 13.1 47,0 86.3
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 in a batch process the uranium mineral 1s
overground, the bulk of 1t appearing in the finest products, For
the convenience of further processing it would be desirahle to keep
the mineral as '‘coarse as posslble 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 continuocusly discharged.

D. Magnetic Concentrations -~

As mentioned earlier in this report magnetic concentration
would only be of value as a doncentrating process on ores in whieh
the gangue was predominantly cxides of iron, Varlous types of ore
have been tested on the "Rapid Magnetting Machine" in this laboratory
and the weight of the magnetic portion made has ranged from 60
.on a massive hematite ore down to 3% on a granite ore. If we assume
that under the most favourabile conditions, 60% of the weight could be
re jected without loss of uranium, then the grade of enriched material
would be only 2% times that of the feed. Howsever from examlnation
of numorous samples recelved from the fleld and from observation of




ore 1n situ, 1t is belleved that the average amount of magnetie
material which could be rejected would be of the order of 10~15 per
cent of the weight and assuming again that no uranium were lost, the
enrliched material would then be not more than 1,2 times the grade
of feed, It scems reasonable therefore to assume that magnetic
concentration could not assume any great part in concentrating tho
general run of materlal.

E, Sticky~surface concentration:-

Before describing the machine which we arec at present using
for testing of this process a brief mention will be made of the

development of this machine. .
Our first tests were made on an inclined glass plate which
was sprinkled with a few drops of resgent and excess removed by
rubbing with a pad of cotton waste. The sample was then allowed to
rill down the inclined plate which pilcked up a coating of material.
This plate was used to test various substances as sticking medium
rellance on visuwal observation being used to assess theilr relative
merits, Amongst the substances tried were, paraffin wex, vassline,
lubricating oil, kerosene, glycerine, cresylic acid, crude creosots,
castor oll, olelc acid, pine oil, linseed oll and eucalyptus. of
these lubricating oil and kerosecne appeared to be agssatisfactory
as any and all subssquent work hss 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 1t was felt that the results achieved with this
mixture would be indlcative of results which could be achlieved in
larger scale testing. :

Followlng 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 axils, The
surface of this cylinder was periodically sprayed with an oil-
kerosene mixture from a scent-spray type stomiser. The feed was
dropped on the upper side of the cylinder snd the adhering material
was scraped off on the underneath side by a piece of rubber set in
wood while the tall dropped dilrectly over the side. With this
-simple apparatus 1t wag 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 change of
picking out all the mineral, Repeated treatment however appeared to
glve reasonably clean talls 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 econtact with the surface.
Of the various arrangements which were suggested the best 1dea seemed
to be to make use of the inside surface of a rotating 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 bullt has gone
through various stages of alteration but these have been concerned -
mainly with dlstributing the sample over the surface and inducling 1t
to rill instead of sliding, and with the means of maintalning a.
uniform oll costing 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 113 inches inside
dlameter and 18 inches long supported and rotated by rubber covered
rollers B, C i1s the o1l tank and atomlsers for spraying o0il onto the
inside surface of the cylinder, Three air jets with orifiees about
1/40 in diameter are mounted directly opposite capillary tubes of
0,02 inches bore which dip into the 0il mixture in the tank. Air
1s fed to the jets through rubber tubing with clamps to control the
supply of air to each, . The air jJets are spaced about 5 inches apart.
Air is supplied by a smell portable compressor to a tank on which a
~apring loaded valve 1s set to blow off at 15 lb, The pressure of
alr to the sprays can then be set to the desired figure and will
remaln steady throughout the experlment.
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D is an agltator consisting of a wooden roller with four
radial pleces of sponge rubber, the whole belng 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 1s a sponge rubber wiper, hinged to an arm at the centre

and held agalnst 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 plcked up could

be taken out as a concentrate and the remalning 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 cyllnder 1tself are tilted at a
slope of sbout 1 in 5, The rollers are driven through a motor

and worm reduct10n<ir1ve so that speed of rotation of the cylinder

is about 8% r.p.m. These factors can be waried perhaps it may be
found advantagecusly, but most of the work so far has been carried

out under these conditions., To avold confusion in the sketech no
supports are shown but the oll spray tank, the rubber wiper and
concentrate trough are all attached to rods held to rigid upright

by screw clamps.

(1) Sizing of material for testing:-

From early %tests 1t seemed evident that some system of
slzing would be essential before any reasonable separation could be
made . It is obvious that 325 mesh particle would adhere more
readily than a 10 mesh flake of torbernite so that all samples tested
have been sized although as yet no attempt has been made to declde
the optimum closeness of slzing. Tests have been made wlth
material as coarse as 10 mesh, but it appears that 20 mesh or finer
gives better results. At the coarser slizing a heavier oll coating
is required and the torbernite particles are more likely to occur

in granular form.

FPine dust i1f pressent in the samples will adhere to the
gurface and prevent the torbernite from sticking sc that dedusting
elther by air classificatlion or by screening is necessary, the
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 devsloping
the machine to handle material in the size range down to 100 mesh.

#3 Tesiing Procedure and Results. y \

i) .

The o011 consumption on the machine could only be determined
accurately over long perlods of operation but rough tests have
Indicated that it is of the order of one to two 1b. /ton when treating
material about 40 mesh, . The rate of oil addition during tests 1s
controlled by putting a mercury manometer in the alr line and setting
the valve to give a definlte pressure; usually three inghes of
mercury has been used. The rate of~feed has been varled to sult
different sized feed but has usually been in the range from 10 to

20 1b./hr.

A, A sample containing torbernite assoclated with pegmatitic gan
sue was crushed thrcough 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 o01ll jet was fitted so that
-the length af concentrating surface was insufficient to obtain a

hlgh recovery In a single pass, ’

_ 30/60 mesh treated by a slngle pass through machine,
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Head Assay ©0.96% Uz0g
Wsight % Assay % U308 % Distribution
of Uranium '
Concentrate .,,.... 27.2 1.21 . -39
Tailing ceeese. 72,8 0.70 61
Calculated Head ,, 100.0 0.84 100
" 60/100 mesh treated by a single pass through the machine.
- Head Assay 1.20% Uzdg
Concentrate ,,,... 12.5 1,56 - v 19
Tailing veeees 87.5 0.97 81
Calculaped Heada ,_, 100.0 1.05 100

A portion of the same minus 30 mesh sa ple was dedusted in the
laboratory Federal Dust Classifier rejecting 18 perecent of
weight of sample as flne dust

The coarsc fraction was then treated under conditions similar
to those of the tests above giving:- :

Concentrate ....... 10.5 1,83 T ex
Tailing ~ev.... B9:5 0,72 87
Calculated Head ... 100.0 - 0.83 100

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 bil'jets a8 shown on the diagram were then mads so
that later tests made usc of a much longer - concentrating

surface. o
B. A sample of 20/40 mesh ore with a pegmatitic gangue was treat-
' ed in & single pass through the machine with three oill jets
operating.
Concentrate ,...... 5l.4 2,10 20
Tailing cesse.. 48.6 0.25 10
Calculated Head ,, 100,0 1.20 : 100

Thé tall from this test was retreated over the machine but the
final tail still assayed 0.24% U308 a difference of .,01%
which 1s not significant. : : ‘

This test shows the very much improved recovery possible with
a larger concentrating surface,

C. A sample of 20/40 mesh ore with hematlte gangue was treated
_.-"twice over the machlne with three oil jets operating.

Concentrate ,...... 59.5 _ - 2,24 95

Tailing cemeses 40.5 . 0.17 S

Calculated Heaa ,.,, 100.0 1.40 100

A sample of 40/60 mmsh ore with Hematite gangue was treated
- under conditions similar to the above giving:-

Concentrate ,,..... 45:4 2.76 L - 86
Tailing sesenes D4.6 0.38 14
Calculated Head .., 100.0 1,46 v 100

A sample simllar to the above was treated with a lower »
pressure on the oil jets in an attempt to make a higher
gradé of concentrate in a single pass through ths machlne.

Concentrate ,,...., 34.8 3.36 80
Talling eeseees 65,2 0.45 20
Calculated Head .., 100.0 . 1.46 ] 100
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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 whlle rejecting from SO to 60 per cent
of the gangue.

To confirm the above results some further testgs were made on a

D.
' lower grade sample in which the gangue was principally
hematlite. : _ ' »
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 test a
rougher concentrate and s talling 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 tall to the rougher tail and
keeplng the second cleaner tall 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 taillng was glven a retreatment
and the retreated talls sampled for assay.
Thq results of these two tests ars tabulated belows:
Sample Product WeIlgnt | Assay |% Distri- Rate of J01l used
' . A ’ A : butlion of |feed '
U308 | Uranium Gms./min. |1b./ton
Concentrate | 9.2 2.94 83
Middling 16.5 .35 13
20,/40 Tailing 74,3 .14 24 180 1
mesh , .
Caleculated
head . 100.0 .43 100
Retreated ‘ , .13
tailings : '
Concentrate 4,4 2.22 43
Middling 4.6 . 52 10
40/60 N -
mesh Talling . 91.0 <12 47 130 1.4
‘Calculated
Head 100.0 ' 23 100
Retreated
Tailing - - «11
, P

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 43% of the original weight of feed. '

Considering the low grade of material which was treated in

these two tests, the results make the process attractlve Bs a means
of enriching low grade ore prior to a leachimng treatment, '
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6. SUMMARY:-

1, The problem of concentrating uranium minerals from the
Mt. Painter ores 1ls primarily one of separating torbernite, the
principal uranium mineral, from the assoclated gangue, but the
properties of the torbernite and the variable nature of the gangue
makes the commoner ore dressing processes of little value in
effecting this separation.

2. . It 1s"believed that the unltimate 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
materlal for leaching i.e. to reject a large portion of the gangue
without discarding much of the uranium content. In view of the
high value of uranium any seam of specimen ore should be hand pilcked.
It is also likely that a rumbling process as set out on page 5 would
be of wvalus

3. Although water, supply 1s likely to be a serious problem in
the Mt. Painter region, both wet and dry processes of concentration
wére tried including gravity concentration, flotation and magnetic
concentration but with the exception of the last these processes gave
.1ittle hope of success.

4, . Magnetic concentration could achieve a useful enrichment

on ore in which the principal gangue 1s ironstone, but unfortunately

1t appears that much of the ore is 1likely to be associated with a
granitic type of gangue and on this type of ore, magnetic concentration

would not be of any value.

5. i A variation of a sticky~surface concentration process has

been tried and a laboratary machine making use of this principle
has glven some encouraging results. - On a sample containing about

1—7 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 trecatment gave a concentrate
containing 2.9% uranium oxide with an indicated overall recovery of
65~70%. The oil used in these tests would amount to between 1 and

1% 1b./ton of material treated. It is believed that such results
achieved by a2 dry process 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 out before treatment. In crushing to
say minus 30 mesh some very fine dust 1s made but the amount of such
dust depends largely on the crushers used and the type of ore being
treated. No reasonable assessment of thls factor can be made at
present since we have little idea of what a representative sample

of run-of-mine ore will be like. It is possible that {f the fine
dust carries an appreclable part of the total uranium content, 1t
may be- necessary to leach it without further enrichment.

The tests with the laboratory machine ars as yet far from
complete and further work wlll be needed to check the effects of the
numerous varilables likely to influence the results c.g. rate of
rotation, rate of feed, slope of the machine, thickness of the oil
coating and sizing and type of the materlal treated.

. As yet little consideration has been given to the problem
of translating these principles to a plant-scale machine, but if
further tests on the present machline confirm the results already
obtained the next step will be to design and make a larger laboratory

machine.

(9th December, 1944.)
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end the
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1 GENERAL

This progress report describes some recent bLests
on differentiel grinding of & sample of ore from No.5 Lode
Mt. Painter East, and a complete concentration test on &
sample from the 50 ft. level winze No.6 workings, Mt.Painter,

2o DIFFERENTIAL GRINDING

In our first report on Uranium ores from Mt.
Painter, it was stated that this process would be a very
useful part of any concentrating scheme, but at that time,
no tests of this nature had been made on current samples.

An investigetion of the opitimum conditions for
differential grinding is now in hand and the first four
tests of this series are reported below,

A. Detalls of Tests:

" The ore used for these tests was a ssmple from
No.5 Lode Mt. Painter East, assaying 0.28% U308. This
was crushed through jaw crusher, and rolls to epproximately
minus % inch, and then screened on 20 mesh. The percent-
age T weight and the ossny of the two fractions are set
out in table Y. ‘

Table 1
Fraction Welght U308 Percent Distribution
% % of U308
Plus 20 mesh 73,6 O. 14 ‘ . 37
Minus 20 mesh 26.4 0.67 63
Composite Head 100, 0 0, 28 100

- /The
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The differential grinding tests were all carried
out on the plus 20 mesh fraction and o screen test of this
somple is set out in table 11. ,

Toble 11
Screen Mesh Séreen %. © Cumulative
Aperturse Weight % Welght
Tyler Equivalent (iHCh?S) | ‘
British Standard
- | - U374 0.1 0.
3 - . 263 . 3.0 ‘3.ﬂ
b , - -85 . 7.3 20. 4
6 5 <131 8.0  L8.L
8 ‘ | 7 : __.oéj | 20. 3 68.7
10 10 . 065 2. 82,9
n : R . Ol6 10. 3 | 93.2
20 ' 18 : .033 6.8 100. 0

The mill used for the grinding tests was a 10" x 8"
cylindrlcql mill and the charge of ore in each casevwms app-
roximately 2500 grams. In this series of tests two var-
iobles were investigated, the size of the grinding media
and the time of grinding. The grinding medla used were
circular punchings from mild steel plate, haoving a burr on
one edge. Such media were found by Shelton and Engel (U.S.
Bur. of Mines R.1 3636) to be very effective for the diff-
erential grinding of carnotite from Colorado and Arizona
ores. The weight of punchings used was 3000 grams and the
size varied in each test, details being shown in Table 111.
The grinding was carried out in stagés, the times of the
first two stages being. the game but in the later stages,
the time was double that of the previous grind. This gave
roughly, the same weight of fines made in each stage of
grinding. The semple was screened on 20 mesh at the end
of eac period of grinding and the minus 20 mesh material
weigl . and put aside to make up samples for analysis.

The minus 20 mesh semples from each stage of
grinding were not analysed individually, but were mesde up

into three or four composite samples, and rom these

/enalyses,
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analyses, thée results set out in table 111 were calculeated.
This table shows the colculated analyses of the plus 20 and
minus 20 mesh fractions after different periods of grind-
ing. The figures in the last three columns of this table
refer to the total weight of minus 20 mesh material i.e.
the minus 20 mesh from the primary cerushing, plus the minus
20 mesh from differential grinding of the primary oversize.
The figures set out in the table, are ell cumulative €.ge
The third line of test B, means that after 40 minutes grind-
ing of the plus 20 mesh semple with 3000 grams of 13/32" x
1/8" punchings, 86.6 percent of the sample is plus 20 mesh,
analysing . 065% U308 and .containing LO% of the Uranium,
which was in the primary plus 20. The r emaining 13.4%
waos ground through 20 mesh end analysed «63% Uz08 and con-
teined 60% of the Uranium which wes in the primary plus 20,
The combined minus 20 mesh material constitutes 36.2% of
the welight of original somple, analysed .66% Uz0g and con-
toined 85% of the Urenium which wos in the original seample.

, .These few tests indicate that on this particular
semple, ‘containing 0.28% U308, there is not much difficulty
in grinding the sample so as to concentrate over 80% of the
Uranium content ih about 1/3 of the original weight.  Con-
sidering grade of product and recovery, Test B using slugs.
13/32" x 1/8" gove slightly better results than the other
tests, but toking Into account time of grinding, test C
with heavier slugs end faster grinding has some advantoges.
Furtt » tests are in hand to indicate the behaviours under
diffcrent conditions but .the ease with which preliminary
concentration ¢an be echieved by differentiel grinding,
indicates that consideration should certainly be given to
the question of leaching & smaller quantity of enriched
material instend of low grade ore as mined. It has been-
polnted out in the recent report on Leaching of Uranium
-Ores from the Division of Industrial Chemistry, that the
leaching of fine material presents certain difficulties,
such as retention of leach liguoér, but in any form of
crushing a certain omount of fines will be made and the
fines will normally be richer than the coarse material so
thet provision must be made for their treatment.

It seems that o decision has to be made bhetween
leaching of soy 4100 1b. of 1 inch ore containing O0.28%
U308 and the leaching of 35 1lb. of minus 20 mesh material
containing 0.65% U308. The higher groade of the fine
material would give rise to more concentrated Uranium
solutions, and permit more washing without getting unduly
large volumes of solution.

2 STICKY-SURFACE CONCENTRATION TEST ON ORE FROM
50 FT. L WINZE. NO.6 WORKINGS MOUNT PAINTER.
Continuing the work described in,our first re-

port, complete test has been made on the above samples.
The only alteration made to the machine as described in
that report has been the addition of two more oil spreys,
reducing the spacing of the jets to 2% inches. This
arrcr ement gives a more uniform coating on the surface,
and reduces the sliding of the material over the sur-
face giving more of a rilling action.




Teble 111

. 20 mesh oversize T 20 mesh undersize Totﬁl 20 mesh undersize | ;7
pest | TOtal Time of % Recovery % Recovery % Recovery | Grinding
' Grind (Mins) | % Welght | % U368 of U30g % Weight % U308 of Uz0g % Weight % Us08 | . of Uz0g Media
A 5 9%.3 .12 81 37 | .3l 19 | 29,4 .68 70
' 20 93.6 " « 10 69 6.y .69 ¢ 34 31,4 67 75 Nil,
40 92.4 | .095 . 6l 7.6 .66 36 32,0 .67 76 _
B | 23 | 9.3 .11 71 5.7 .71 29 30.6 | .67 o 300
' ' .grams
10 90.2 .08 51 9.8 .70 L9 33.6 - .68 814 _~Dunch~
40 86.6 | .065 | 4o 1344 .63 60 | 3.2 | .66 85 13550
80 85.0 06 | 76 15.0 .60 6L 37.5 .65 | 87 ox g
¢ | 1% 94.8 At | 76 5.2 | .6k 28 - 30.2 .67 72 | 3000
5 88.7 C.08 | 52 1 483 - 59 L8 3h.7 .65 - 81 ' ;unchlngs
_ . 13/16"
20 84. 1 <065 | 37 8.9 | .L7 63 40,3 .60 86 . x 4"
D 2% 95.5 115 79 o5 .67 21 29.7 .67 71| 3000
. : : _ . i} . ... groms
10 92.0 w095 | en | 8.0 | .6k 36 | 323 .67 77 SR
Lo 88.8 .085 | ~ 53 14,2 W59 | U7 3.6 .65 81
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The sample of ore as received onalysed 0.91%
U30ge - After crushing to minus 42 mesh in jaw c¢crusher and
rolls, it was screened into several fractions, and the fine
dust removed by treatment in the dust classifier. The
screen analysis of this material is set out in Table IV.
The first four fractions were treated in the concentrator
and the concentrates welghed and assayed. The fine dust
was not treated, but 1t is considered that this material
would have to be leached together with the concentrates so
the uranium contained in 1t is regarded as recoverebls.
The results of these tests are set out in Table IV. The
overall recovery shown in these tests is 78% in & concen=
trate 25% of the original welght with concentrates asseying
2.8% U308, The grade of minus 100 mesh was 2.4% U308, s0
that this fraction might reasonably be added to the other
concentrates while that of the plus 30 mesh concentrates
was oaly 1% U208 and represented only 5% of the total uran-
ium. Assuming 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 of the uranium from the plus
30 mesh fraction could be put into the other fractions by
? differential grind and an overell recovery of 85% seems
ikely.

Ao SUMMARY.

T Differential grinding tests have shown that

when treating an ore containing 0.28% U308, 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
0.65% U308, Such a concentration should be a great advant-
age prior to leaching.

2. The optimum conditions for grinding are depend-
ant to a certain extent on the tonnage t® be ground.
Leboratory tests so far indicate that some grinding medla
is desirable but too heavy media will result in less sel-
ective grinding so that a choice will have to be made
.between rate of grinding and selectivity of the grind.

If a large tonnage is to be handled the time required for
grinding will have to be chosen so as not to reguire too
large a mill.

3e A further test using the laboratory sticky-
surface concentrator on a semple containing 0.94% U308
showed on overall recovery of almost 80% of the urenium in
& cor:aentrate assaying 2.9% Uz08. It is proposed to con-
tinu . tests on this process alter preliminary concen-
tration by differential grinding.

Datet 23rd January, 1945.



Screen Analysis

Cbnéentpéﬁes-Produced

A . , ~ Cume %
Weight Cum. Wel ght: % Distribution of Distribution of | Weight "% Recovery % | Recovery %

Fraation b ' U303 U30g U303 % U30g |in freaction| .of total
?iusv30 ‘ - N | :

“mesh 54.8 54.8 0, 214 12,6 12,4 848 -] 1,01 u2 5.3
30/60 17.5 72,3 0.74 13.6 2.2 7.4 | 2,47 61 8.3
§0/100 | 8k 80,7 1439 12,9 39.4 29.1 | 3.72 78 10,1
Minué 100 _ _

(sand) 6.3 186.8 S 2.4 16,2 553 33.0 | L.ia %0 9.7
Dusy : 13,2 100. 0 3.08 W7 100. 0 e 7
Totel 100.0 0.91 100.0 25.4 | 2.80 781

Discarding the plus 30 mesh and adding the minus 100 (send) untreated 2&;7 2.92 79.3
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1. GENERALL.

This report describes recent tests on differential
grinding of a sample of ore from No. 5 lode Mt. Painter East,

2. DIFFERENTIAL GRINDING.

In our first report on Uranium Ores from Mt. Painter
it was stated that this prccess would be a very. useful part
of any concontrating scheme, but at that time no tests of this
neture had bevn nads on current samples.

This report describes the results of such tests under
a variety of grinding conditions.

Because of the arid conditions in ths Mt. Pailnter arca,
dry grinding was used in all tests. Wet grlndlné and scrsening
would undoubtedly improve the recovery of [ines buy this advantage
would be outweighed by the difficulties of maintaining a difficult
supply of water. : .

ae Detalils of Tests.

The ore used for these tesgsts was a sumple from No. 5
lode Mt. Palnter East, assaying 0.28% U308, This was crushed
Ehrough the laboratory Jjaw crusheor and rolls to approximately minus
s inch., '

Two series of* tests were then made on this asample,
series 4 on grinding the plus 20 mesh fraction of the roll product
and seriss B on grinding the plus 30 mesh fraction.

(1) Ssriss As  The percentage by welght and the agsay of the plus

and minus 20 mesh fractions are shown in Table I, and a screén
test of the plus 20 mesh fraction 1s shown in Table II.

/Table 1.



Table I.

Praction Welght % % Distribution of
. % U308 U308
Plus 20 '
mesh_ 73.6 0.14 37
Minus 20
me sh 26.4  0.87 63
Composite
Head 100.0 0.28 100
Table II.
SCREEN MESH - :
"Screen Cumulative
' ; Aperture % %
Tyler Equivalent (inches) Welght Weight
British : :
Standard
hathad i ed 05'71 Dcl Ool
3 e 2263 3.0 3.1
4 - .185 17.3 20.4
[5) 5 131 2%.0 48 .4
8 7 - 093 20.3 08.7
10 10 . 085 14.2 82,9 -
14 14 . 046 10.3 05 .2
20 18 .033 6.8 - 100.0

/The mill

I



The mill used for the é%inding tests was a 10" x 8"
¢ylindrical mill with a 2,500 gram chargse of ors. The
variasbles introduced in this series of tessts werce the time
of grinding and the size of the grinding media.

The grinding media used were punchings from mild
stesl plate -- such nmedla were found by Shelton and Engel
(Uo8. Bur. of Mincs, R.I. 3633) to be very elfective for
the differential grinding of carnotite from Colorado and
Arizona cres. Their report montions that after tests
nad been made to select a suiteble medium, "3" slugs were
choses as the most sffectlive. The se slugs were punchings
from flat plate-steel scresns about 3/03" thiclt. They
were slightly disned, the cconvex slde belng smoother than
the concave side."

The woeight of punchings in sach of these tests
was 5,000 grans, while the size of the media which wvarisd
in each tost, is shown in Tabhle III. The grinding was in
sach case carried out in six or seven stages, increasing
the time of grind as the rate of grinding decreased. A4Lfter
each s tage, the sample was screenoed on 20 mgsh and the
fines removed. . The nminus 20 mesh matecrial formed in each
stage of grinding was weighed sgparately but the s amples
were conmbincd for analysls so that only two or threo
uranium determinations wore mades for cach test.

Table IIT shows the rate of grinding at different
stages of the tests together with the analysis of the finss
procduced.

The figuros in the third and fourth columns of this
table are taken from the beglnning of the test while the
figures for uranium oxide content shown in the fifth column
arc for the intermediate stages of the tesits. Vihere no
figure is shown in this table, the sample was combilned with
that from the sucesding stage u.g. the {ifth line of test B
means that aftu 40 minutes, 13.4% had been ground so as to
sass 20 mesh, The average rate of grinding over the 40
minutes was therefore .,34% per minute. The figure in the
fifth column than means that the minus 20 mesh procduced 1n
the period Irom 10-40 minutes assayed .43% U308.



Table IITI.

Time % Welght Lverage rate of % Us08 Grinding

Test (minutes) Minus 20 Grinding % per in minus Media
unlt time. 20 . used
A 5 3.7 « 74 . 73
10 5.2 52
20 Gk 32 .62 Nil
40 7.6 19 D&
80 8.7 <11
160 9,8 « 06 09
2% 5.7 2,3 71 3,000 grams of
5 7.8 1.6 punchings.
B 10 9.8 1.0 .70 13/32" x "
20 11.6 .58
40 13.4 5% o 43
80 15.0 «19 .36
160 16.7 .10 20
l? 5.2 4.2 64 3,000 grams of
2% 8.1 Sel punchings,
5 11.3 242 $55 ° 13/16" x "
c 10 15.1 1.5 ‘
20 18.9 " .95 28
40 2543 «58
80 28.+6 36 «20
160 34.1 21 ‘ .09
2% 4.5 1.8 .87 3,000 grams of
t5) 6.5 1.3 . ) punchings.
D 10 8.0 .80 «59 5/16" x &M
20 9.5 «47
40 1l.2 .28 47
- 80 12.8 .18
160 14.2 09 .. + 35
1;;; 4.9 3.9 '
2% 7.3 2.9 «68 3,000 grams of
purichings
5 9.6 1.9
10 12.2 1.2 64 5/8" x 1/8"
E 20 14.8 74
40 17.86 o414 «49
80 20.6 .26
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Table IV 9 - , o
a oo o oo - - o e : -
I 20 Mesh Qversize ] __20 Megh Undersize ;-] Combined 20 Mesh Undersigg[
Tine of Grind % Weight % U308 | % Recovery | % Weight | % Uz0g | % Recovery| % WeightT % % Recovery! Orinding
Test (Minutee) - : “of UzOg - of Uz0g Uz0g | of Ug.gi-f Medla
o. 96.3 .12 81 3.7 73 19 20.1 .68 70 o
A 20 93.6 .10 €9 6.4 .69 31 31.1 . 67 75 Nid,
4) 92.4 . 095 64 - 7.6 . 66 36 32.0° . 67 76
16C 0.2 .085 55 2.8 . 64 45 33.6 .67 80
| i S B .
2% 9%4.3 .11 71 5.7 L7 29 30,6 .67 74 3,000 gram
10 90.2 .08 51 9.8 .70 49 33.6 .68 81 of punchings
B 4C 86.6 . 065 40 S 13.4 « 63 60 35.2 .66 85 -
80 85.0 .06 - 36 15.0 .60 64 37.5 .65 87 13/32" x §"
160 83,3 . 055 33 . 16.7 .56 67 38.7 .64 88 -
1% 94.8 .11 76 5.2 .64 28 30.2 .67 72 3,000 gram
, 5 88.7 5 .08 52 11.3 .59 48 34.7 -« 65.. 81 of punchings.
o 20 81.1 5o 065 37 18.9 AT 63 40,3 « 607 86 \ '
an 7i.4 | ~.045 23 28.6 .39 (a4 47.4 .54 91 13/16" x "
- 160 66.0 - .04 19 34.1 .53 81 51.4 .51 93
2l 95.5 .115 79 4.5 .67 21 29,7 | .67 71 3,000 gram
10 92.0 .095 64 8.0 .64 36 32,3 .67 77 -of punchings
D 40 88.8 .085 53 11.2 .59 47 34.6 1 .65 81 5/16" x 3"
160 85.8 075 45 14,2 .54 55 36.8 .63 83
‘3% 92.7 . 095 64 7.8 .68 36 31.8 .67 76 3,000 gram
T 10 87.8 075 42 12.2 .66 58 35.4 .67 85 of punchings
40 82.4 .06 32 17.6 .66 68 39.4 .66 90 .
160 767 . 03 15 23.3: .61 85 43,5 .64 94 v x "




Table IV shows ‘the percentage recovery and grade of
fines obtained after various stages of grinding the plus 20
mesh fraction. The overall recovery and grade from the minus
20 mesh 1s also shown in this table.

The figures shown are all cumulative e.g. the third
line of Test B means that a fter 40 minutes grinding of the plus
20 mesh sample with 3,000 grams of 13/32" x 3" punchings 86.6%
of the original weight was in the plus 20 mesh fraction which -
assayed +065% U308 contained 40% of the total uranium. The
remaining 13.4% of the sample had been gruund finer than 20
mesh, assayed .63% U308 a1 d contained 60% of the uranium which
was in the oriéinal sample., Ths combined minus 20 mesh
material constituted 56 2 of the orlglnal weight, assayed 66%
U308 and contained 85% of the uranium.

(II) Series B. In this series, the separations were made at
30 mesh. The percentage by welght and the assay of the plus
and minus 30 mesh fractions are shown in Table V.

Table Ve

“VWielght % % Distribution of

Fraction % U308 U308
.Plus 30 :

mesh 81l.4 .18 53
Minus 30 .

me sh 18.6 « 70 47
. Composite

Head ) 100.,0 .28 100

The details of the grinding mddia used in these tests
1s shown In tables VI and VII. The general procedure was as
described under series A. Table VI shows the rate of grinding
and the grades c¢f the fines produced at different stages of
each grinding test, while VIT shows the recoveries and grades
of the two products after different times of grinding. A8 1in
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 flgures
therefore represent the results of differential grinulng as a
means of concentrating the original ore.

In the laboratory tests the slugs were separated from
the ore by screening, but magnetic geparatlon would be prefer-
able in a continuous treatment plant.

3 DISCUSSTION OF RESULTS.

Tests A, B, D and E of Series A indicate that the
recovery of uranium under these condltions is roughly a linear
function of the wight ground through 20 mesh, °~ This relation
may be represented in the form:- :

where R is the percentage recovery of urnaium and W 1s the weight

ground through 20 mesh.,. To conform to this relation the corres-
ponding assay of the minus 20 mesh material would be ;-



AT .50 +5
W

where A 1s the percentage of U308 in the minus 20 mesh. The se
rela tions represent roughly the Lehaviour of the s ample for W

in the range from 30-40%.

In the case of test C where heavier slugs were used
for grinding the gauge was ground more readily and the weight
of fines produced was higher than indicated by the above relation.

0f the four tests A, B, D and E, reference to Table
ITTI shows that E gave the highest rate of grinding and the
conditions of this test therefore represent the best conditions
of this series i.e. Grinding after punchings &" x 3" which gave
90% recovery of the uranium after 40 minutes grinding with the
enriched material containing .66% Uz0g.



Table VI.

_ Time % Welght Average rate % U508 1n GrInding
Test (minutes) minus 30 mesh of Grinding mianus 30 Media
' : % per unit me sh used
time
2% 5.7 2.3 3,000 grams
5 77 1.5 of punch
P 10 2.6 « 96 .89 ings.
20 11l.4 .57 S ox &0
40 13.1 .33
80 .15.C «19
160 16.8 .10 .67
2% 6.3 2.5
5 9.1 1.8 .83 3,00 grams
G 10 12.0 1.2 : of punch-
20 15.4 77 S 13/18" x M
40 19.3 «48 .73 -
80 24.C 10
160 29.9 .19 .21
1% 5.6 4,5
2z 77 3.1 3000 grams
H S 10.0 2.0 «80 of punchings
10 12.4 1.2 gn x 3"
20 15,0 - 75 .68
40 A7.8 «44 .
80 20.9 .26 .
160 24.0 15 29
24 5.8 2.3
_ 5 8.1 1.6 ' 1500 grams
J 10 10.5 1.0 .82 of punch-
20 13.1 .65 ‘ings
' 13/16" x in
40 16.2 40 77 ‘
80 - 20.0 «25
160 24.9 «15 «41 -
21 4.9 2.0
5 6.9 1.4 1500 grams
X 10 8.8 .88 .90 of punchings
20 lo.6 +53 st ox "
40 12.6 CRR 36
80 15.2 - «19 :
180 18,0 +11 « 66
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TABLE. VII, '
i mime o ARG - 30 mesh Oversize -30 mesh Undersize Combined 30 ‘mesh undérsize »
. Test (miautes) - - 1% Weight | % UsOg |% Recovery | % Weight | % Us0g | % Recovery|% Weight | % Uzel% Recovery Grinding
‘ R of Uz0g | : of Uz0g .y of Us0g . Media’
| 10 90.4 11 56 9.6 0. 89 44 26,1 | .75 70 . | 3,000 grams .
F 160 83,2 | .065 29 16,8 0.79 -1 32.1 K 8¢ !or punchings -
: 20 " -
‘ 8 X g
Joaa |2 | 6.3 0.8 | ‘28 23,7 | .72 61 13,000 grems
C-F0B5 Y 0 R0 e 19,3 0.76 80 34:3 73 89 of punchings
.025 9 . 29,9 0.57 91 42,9 .62 95 18/16" x "
o 1D 87,6 | .115 57 12.4 0,80 45 - 26,7 | W73 69 .| 5,000 grams. .
H 40 + 82,2 . 085 38 17.8 .76 | 62 30, 8 .72 79 ! of punchings
- 160 76.0 .06 24 24.0 0.£8 76 38.1 .64 g7 g x3" -
- 10 So89.5 1 .11 54 - | ‘10.5 0.82 1 . 46 27,1 1\ .73 71 | 1,500 grems .
J 30, . 83,8 . 065 29 16.2 0.82 71 31.8 J74 84 of punchings
SR S ) 75,1 | Loz 9 | 2.9 0.68 01 58.9 | .68 95 ) 18/16" x 37
‘ 10 91,2 .115 57 8.8 0.90 43 25.7 | .75 69 | 1,600 grams
K 40 87.4 . 085 39 12.6 0. 89 - 61 28. 8 .76 79 of punchings
s 160 82.0 . 045 20 18.0 0. 82 80 33,3 .75 g | 8" x 3"




The results 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 naturdlly
slower when working at the finer gize,. :

Table VIII has been constructed to show the results of a
few of these tests in a form where the tests can be compared more
readily. The figures in these tests have been interpolated.
grap?lcally so as to represent in each case a '90% recovery of the
uranium.

Teble VIII.

| Screen{ Time cof Grind-| Total weight| Grade of - Recovery
Test Mesh ing o of Screen '~ Screen of UzOg
. ‘ (mlnutes) undersize Undersizg %
% % Uz0sg
c 20 60 46 ' . 55 90
_E 20 50 . 40 .63 , 90
G 30 - 60 36 70 90
H 30 260 40 .63 90
J 30 100 36 .70 90
K 30 200 ‘ 34 .74 i 90

The figures for test H appear to be rather erratic but
the general- conclusions are that screening on 30 mesh gives a
higher grade of product than 20 mesh, and that slow grinding
with light grinding media, is more selectlve than fast grind-
ing with heavier media,

SUMMARY.

1. Tests on.a sample of ore c0ﬂta1n1ng 0.28% UzOg have shown
that grinding and screening can give an enriched product, 30-40%
~ of the original weight with a recovery of 90% or more -of the
uranium, This product assaying 0.65-0,70% UzOg, should be much
better for leaching than the unireated material. - -

2. Slow grinding with light media is more selective than
faster grinding with heavier media. .The. optimum conditions
for grinding would have to be decéided on a plant-size mill
since for example, a %" ball or siug would cause far more im-
pact crushing in a 4' diameter mill than it. would in a 10"
diameter laboratory mili.

3.  Screening at 30 mesh gave higher grades of concéntrate
than screening at 20 meésh, but there sre certain factors which
may give trouble in finer screening. - The larger period of -
grinding required when separnating at finer sizes will mean
that more dust ig produced and this may give trouble in leach-
ing. Finer screens would also mean more maintenance and more
screen area required rfor efficient work. These factors could
however only be assessed correccily 1n a continuous plant.

Date 7/3/45.



iv, CONCENTRATION TESTS ON URANIUM ORES FROM MOUNT
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Professor H.W. Gartrell ond D.R, Blaskett

Joint Investigation of the Council for 801ent1f1c
and Industrial Research

and

South Australian School of Mines and Industries
Bonython Laboratory, Adelaide.

1, GENERAL.

This report describes some further tests on. the 1uboratory _
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 No. 6 workings, Mt. Painter while Test
B was on the minus 20 mesh fraction of a sample from No. 5 Lods,
Mt. Painter En~st.

2. DETAILS OF TESTS.

The machine used for these tests was described fully in our
report No. 1L48A, The only alteration made prior to these tests was
the addition of two more oil sprays, which reduced the spacing of the
sprays to 2‘" This closer spacing of the jets was found to give a
more unlform coating of oil on the surface and less tnedency for the
material to slide over the surface instead of rilling as desired,

8. _Test A,

The parcel of hand picked ore as reoelved assayed 0.91% U30g.
This grade, although higher than most of the ore samples, approXimates
that likely to be Pproduced by rumbling and screening O.3% ore.
After crushing to minus 12 mesh in the jaw crusher and rolls it was
sereened into several fractions and the fine dust removed by treat-
ment in the Federal dust classifier. The screen anslysis of the
sized material i1s shown in Table 1. . The screens used for these
tests were a set of 12" commercial screens,

Table 1.
. % % Cum, %
Fraction Weight Cum. Weight U308 Distribution of Dlstrlbutlon of
% % : U308 - U308
Plus 30 ‘ ’
mesh 5448 Sle8 : 0,21 12,6 12,6
30/60 ‘ - ‘
mesh 175 _72.3 0.71 13.6 2642
60/100 5 ' ' '
mesh . 8.L|- 80.? . '1e59 1209 39'1
Minus
100 . !
mesh .
Su.'.ﬂ_d 6.1 8608 20)-'-1 1602 ) - 55’3
Dust 13,2 100,0 3,08 - Ly o7 100,0
Composite 100.0 0.91 100;O

The iirsty 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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concentrate in each case was cleaned by retreatment from which the
cleaner tail was again retreated to produce a small amount of
concentrate and tailing. In this way a final concentrate and
tailing were made from each fraction.

. The fine dust cannot be treated satisfactorily on the machins
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% U 08« However, the plus 30 mesh fraction could be
"treated better gy 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 fractions should
yield & recovery of about 80% of its uranium or 64% of the uranium
in the original plus 30 mesh. With this modification of the
treatment the indicated overall recovery is about 85% of the total
uranigm in

Table II
Concentrate | Analysis % Uz0g Recovery of U303 %
Fraction Weight Weight % Feed |Concen- - In In
’ of fraction trate fractlon total
Plus 30 N
mesh 54,8 8.8 0,24 1,01 L2 5.3
30/60 17.5 17.4 0. 71 2.47 61 8.3
60,/100 8.4 29,1 1,39 3,72 : : 78 10,1
Minus 100 R
(sand) 6.1 33.0 2, 41 L, 41 60 9.7
Dust 13,2 100, 0 3,08 3.08 100 L, 7
Compos-
~ite | 100,0 25.4 0,91 2,80 | 78,1

a grade of about 2/9% UszQg. A further improvement in recovery with
little loss in grade couUld be made if the minus 100 mesh fraction was
added to the other concentrates without treatment.

b, Test B.

This test was made on the minus 20 mesh material resulting from
the differential grinding tests described under series A in report
No. 148B. The complete test was therefore rOUghly equ1va1enu to the
following: -

The original sample assaying 0.28% U Og was crushed to minus 7
and screehed on 20 mesh, The plus 20 mesh %as then concentirated by
differential grinding and the fines from the grinding added to the
original minus 20 mesh thus producing two products, a coarse tailing and
an enriched sample for further treatment. The distribution of

uranium and grade  of these products is shown 1n Table III.

Table III

Sample Weight % U30g % Distribution of UzOg
Coarse Tailing L8 .06 11
Enriched Head 52 .48 89
Original Head 100 .28 100
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: The enriched head sample was then screened into fradtions and the
fine dust réemoved by treatment in the Federal dust classifier. The
screen analysis of these fractions is shown in Table 1V, It will be
noted that the percentage of dust in this case is much leas than in
test A. The . reason for this is that the sample for test A was

.crushed to minus 12 mesh before screening whereas in this test the
sample was only crushed to £".

The firét four fraction were then treated on the laboratory
concentrator ih o similar manner to tHat described under test A,  The
fine dust was hot treated but it is included as portion of the final
composite condéntrate. '

Table V shows a concentrate grade of 1.1% Uz0g and an bverall
recovery of 71% based on the enriched head. The coOmplete test
consisting of differential pgrinding and screening followed by sticky-
surface concentration of the fines shows a recovery of 63% of the
uranium from a sample containing 0.28% U30g. The weight of
concentrate obtdined was 15% of the original weight while the grade of
concentrate was 1.1% U30g.

3 SUMMARY.

1o Some further tests on the laboratory sticky-surface concentrator
have shown that recoveries of 60 - 70% df the uranium can bc obtained
with a concentrate 2 or 3 times the grade of -the feed.

2. When tre: %ing a low grade feed a preliminary enrichment should
be made by dif «rential grinding and screening,  Sticky-surface
concentration of this enriched material should then give a fihal
concentrate grade, 4 or 5 times that of the original feed.

Table IV,
— Cum, %
Fraction Weight Cum, Weight % % Distribution | Distribution
% % U308 U308 ‘ of U30g
Plus 30 | — T
me sh 13.7_ 13,7 0,27 7.6 . 7.6
30/60 _ |_28,0 41, 7 0. U5 26,1 33..7
60/100 17,3 59, 0 0.6l 22,9 56,6
Minus 100 ,
(sand) 25, 2 84,2 O, 42 : 21.9 78¢5
Dust 15,8 | ~ 100,0 0,66 21,5 100.0
‘lable V. v
Weight Concentrate Analysis % U308 Recovery of Uz08 % |
Fraction % Weight % of Head Concen-— In In
= Fraction trate Fraction Total
PIus 30 . J T .
me sh 13.7 141 .27 1.31 69 5f3
30/60 28,0 13,9 ' 45 1., 96 60 15.6
60/100 17.3 21,1 g 2,02 66 15.1
Minus 100 _ A 4= 8
(Sand) 20. 2 19,2 L2 1,37 63 13.
Dust 15,8 100, 0 .66 .66 100 21.5
Composite [100,0 30,1 . 148 1.4 - 1.3
AN
AN



“ly—

3. ‘Assuming that the fine dust can be satisfactorily leached,
tests have indicated that when treating a sample containing: 90%
f303, & combined process of differential grinding and screening

ollowed by sticky-surface concentration of the material in the

30 - 100 mesh size range should give a concentrate containing
about 3% U308 with a recovery of 85%.

-

Date 7/3/L45. -



V- 1 CENTRATION TESTS ON URANIUM (RES FROM MT., PAI NTER
(Fifth Report)

by
D. R. BLASKETT

Joint Investigation of the Councll for Scientific
and Industrial Research

and the

South Agstralian School of Mines and Industries

l. GENERAL

This rnﬁdrt desoribes some further work on the concen-
tration of Mt. Palinter Uranium ores and gives a general summary
of the results of the inve'stigations on these ores.

2 DESCRIPTION OF THE STICKY-SURFACE CONCENTRLTING MACHINE.

iinee the previous re¢port on Mt. Painter ores was
issued from this laboratory a larger sticky-surface concentrat-
Ing machine has been bullt similar in princéiple to the earlisr
laboratory model described in the first resport, The more
recent machine has a steel cylinder 24 Iinches diameter and 36
inches long while the cylinder of the first machine was of glass, .
12 inches diameter and 16 inches long.

The arrangement of the oll sprays and the wipser for
removing the concentrate is simllar to that used on the earlier

machine,
) .

3« DETAIIS OF TESTS.

Tests wcarried out on the large laboratory machine were
intended to imitate as far as possible actual operating conditions.
The scheme of treatment followed was similar to that described

in Report No. 148D.

Qe Test A. was made on a sample of hand picked ore from the
50 foot level winze No. 6 workings. This was a sample .of the
same percel of ore as was used for test A, report No. 148 D,
but in this case the sample was concentrated by differentisl
grinding before treating on the sticky-surface concentrator.
The sample was crushed minus 3 inch and screened on 30 mesh.
The plus 30 mesh fractlion was then treated by grinding it in
2,500 gram lots for 20 minutes with 3,000 grams of 2" x ! slugs
as describéd in the earlier reports. The ground material
was screened agaln on 30 mesh and the plus 30 mesh fractlon was
set aside as the coarss talling. The combined minus 30 mesh
material was then dividsd into three parts by screenling and
‘treatment n the laboratory Federal Dust Classifier. The
welights or -these fractions, thelr uranium content and the dls-

tribution of uranium is shown in Table I,
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Table I}
Fraotion ‘Weight| = % % Distribution
% - UsO0g of UzOg
Plus 30 mesh 74.8 5;13 10.7
30/60 " - 9.3 1i35 13.9
Minus 60 mesh send 8.8 2184 287.6
Dust 7.1 | 6i08 47.8
Compc - te ‘Sample olol
— — — o

-_

L

The two fractions, SO/GO'mesh and mlnus 60 me sh' sand,

wecre treated in the large
trating machine deseribed
of treatment were 140 and
being approximately seven
scale machine for similsar
figures that with similar
ortional to a power of the dlameter batween 2 and 3.

earlie

times
materi

machines,

the
al.

scale laboratory sticky-surface concen-
r in this report.
100 lb./hrt¢ respectively, these rates
rates used on the smaller

It appsars from thess few
the capacity would be prop-

The rates

If this

relation were maintalined ln larger sizes it would not be

difficult

to

obtaln sufficlent capacity for a plant sizs unit.

Because of the relatively high head values in this particular

sample, each fraction was given one pass only through the machine,
producing a concentrate and tailing.
g¢entration tests are shown in detall in Tables 2 and 3.

The results of these con-

Table IX. - Concentration of 30/60 mesh fraction.

Weight % % Uz0g % Distributioh
of U3D8 -
Concentrate| 26.4 5468 72
Tailing 73.6 0451 28
Head - 1.35 b

Table IIT. = Concehtfation of minus 60 mesh sand fraction.

Welght % | % UzOg % Distribution
. : of Uz08
Conoerntrate | 40.5 4.56 65
Talling 59.5 1.87 35
Head - 2.84 -

Table 4 shows the uranium content snd distribution of wranium
in the four principal pfoducts:from the complete test.



feble IV
Product Welght% | % UzOg | % Distribut-
' ion of UzOg
Coarse Tailing (from differential
grinding.) 74,8 0.13 1047
Sand Talllng (from concentrator) 112.0 - 1.01 - 13.6
Sand Concentrate (from concen- . '
trator) 6.1 4,20 27.9
Fine Dust . 7.1 6.08 |  47.8
original Head : ' : 0,91

e Test B was made on a sample of or e from No. 5 Lode, East Palnter,
ussaying 0.17% Usz08. This grade is much lower than that of the seample
used 1In Test A but_the sams stheme of treatment was followed, i1l.e. :
crushing to minus E", screening on 30 mesh, differential grinding of
the ocversize, separation of the minus 30 mesh into three fractions and
treatment of the two coarssr frdctions by the sticky-surface concen-
trator, Table 5 shows the distribution of the uranium in the sample
after differential grinding..

Table V.
: - — 3 ‘
Fraction Weight % | % Distribution
o % Uz08 { of Uz0g
Plus 30 mesh 70.2 - 0.05 20.6
30/60 " 7.8 0.32 14.7
Minus 60 mesh sand 10.6 0.48 29.9
Dust 1l1l.4 0.52 34.8
Composite Sample 100.0. 0.17

The results of the concentration tests are shown in Tables 6 and 7,
while Table 8 shows the overall result of differential grinding and
concentration..

Table VI. - Concentration of 30/60 mesh fraction.
Welght % % U308 % Distribution
of Uz0g
Concentrate 12.5 1.57 61
Tailing 87.5 0.14 39
Head ’ 0.32
Table VII. - Concentration of minus 60 mesh sand.
Wolght % % UzO0g % Distribution
of Uz08
Concentrate 14,8 2.10 65
Tailing 85.2 0,20 35
Head ' 0.48




Table VIII-_

Product : Welght 4 | % Us0g | % Distribution
’ ‘ " of UzOg
Coarse tailing (from differentlal
grinding). .70.2 0.05 20.6
Sand tailing (from concentrator) 15.4 . 0.17 15.8
Sand concentrate (from concen-
' trator) 3.0 1.50 28.8
Flne Dust - 1l.4 0.52 34.8
Original Head ' 0.17

The results of the two tests quoted above show that the
work done by the larger leboratory machine is comparable wlth that
previously done on the amall laboratory meachine., Variations may
be attributed to the different types of ore and to minor features
of operation hut broadly speaking 1t is belleved that the results
obtained on ..1¢ smallsr machine and detailed in earlisr reports
could be reproduced on a much larger scale magchins.

4. GENERAL SUMMARY -OF CONCENTRATION PROCESSES
g TESTED ON MT.PAINTER ORES.

a2+ INTRODUCTION,

"Throughout thils Ilnvestigation the question of water
supply for a treatment plant has besn regarded as important and
emphasls has been placed on the desirability of using dry concen-
tration processes 1f possibls.

It is believed that the ultimate stage of uranium recovery
must be a leachlng process and the question to be decided 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 acld which would heve to offset the lowsr overall re-~
covery,. - Dry concentration on the other hand would mean less leach-

. ing capacilty and correspondingly lower acid and water consumption.

b. CONCENTRATION PROCESSES.

(1) Wet processes of Concentmtion, Jigging, tabling and
classificatlon have been tried but show no chance of successful
application. Flotation has also been tried and although tests
gave Indicatlion that the uranium minerals would respond to eertain
reagents, the variable nature of thse gangue and the tendency of
the minerals to slime so roadily would create difficult problems in
operation. - It was therefore not considered worth following
further since a high recovery and high grade of concentrate would
be necessary tor the process to posse°s any great advantage over
direct lcaching. _

(2) Dry Processes of Concentration. Magnetic concentration
has been tested and showed encouraglng results on some types of ores
while on others no appreclable amount of gangue could be taken out
magnetically.A ~ These diffé&rences are due to the wide variation in
the type of gangue with which the uranium minerals ars assoclated.,

Differential gninding of minus inch ore has been found
to give a useful. concentration of the valuable minerals in the filnes
and 1t 1s suggested that any treatment scheme should incorporate
this process, . By 1lts use an ore containing about 25 per cent U308
can be enriched to about 0.7 per gent UzOg with a recovery of from
80 - 90 per cent.» “In 'so doing about two-thlirds of the ore is
rejected as a coarse low-grade taillng.



A considerable amount of test work has been carried
out on a process of sticky-surface concentration on the inside
durface of a revolving 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’
from 30 down to 200 mesh and within this range, recoverles of from
65 - 70 per cent have besn cobtalned with an enrichment of about 5
times in the grade of product. Detalls of the process can.be,
found in this and earlier reports.

°. CONCLUSION.
‘ Since dry concentration by differentlal grinding and

screening 1s so simple it is recommended that it should be part

of the general treatment scheme. It has thes advantage of re jecting
about twothirds of the ore as a low-grade coarse talling with
correspondingly lower consumption of acid and water and richer
solutions tc be handled. Since the concentrated product to be
leached woui. be all minus 30 mesh, an aglitation leach would be
required in place of the percolation lsach which could be used for

a direct leaching process but any increase in capital cost should

be largely offset by the increased extraction possible by agltation
leaching of fine material. . ,
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1. SYNOPSIS.

.The work dealt with in this report was carried out at the request.of
Mr, S. B., Dickinson, Director of }ines, South Australia, It was
restricted to testing by electrostatic methods, ore samples from Mt.
Pinter and East Mt. Painter. It was found that magnetic treatment gave a -
useful preliminary concentration of at least one sample examined by re-
jecting ironstone giving enriched siliccous material for the electrostatic
treatment, therefore magnetic work was also carried out when it was
required, ' ' o :

Most of the electrostatic work was carried out by courtesy of the
Titanium Alloys HManufacturing Co. at their Tweed Heads, N.S.VW. plant
and through the kindly co-operation of Mr, W, H. Derrick, the company's
Manager, Preliminary arrangements for this work were made by Hr. J.
Malcolm Newman, Controller of IMinerals Production, to whom thanks are
due, The conditions there were not good for test work of this type,
the machines were not shielded, at times therefore windy weather upset
the operation, Certain other difficulties 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 mave an indication
that cn 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, 194l,
The uranium-bearing minerals mentioned are autunite, torbenitg,.meta—
torbenite, uranophane, dewindtite, fergusonite and an unidentified
silicate, The chief uranium bearing minerals present in tpe ore samples
tested were torbenite (Cu 0.2 U03,Pp0s5.Hp0) and meta-torbenite (CuC.2 UO3z.
Po05-8Ho0) with some autunite (Ca,O02 UO%.P205.10H20)- The chief gangue
minerals present were guartz and limenite. ‘

3. SIEVES.
The sieves mentioned in this report are of the British Standard

Sieve Secries. No responsibility is taken for the results given exdept
in so far as they apply to the samples tested. :

L. NOTES ON THE ELECTROSTATIC METHOD USED.

All of the work was carried out on a Sutton Steel and Steele type
separator. In this type of separator a & inch brass roll, forming the
earthed electrode, is rotated at relatively high speced (100-500 R.P.M.)
and fed with the mineral particles on a line just behind the top center of
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the roll, Thé mineral particles are heated before being fed to the
machines feed hopper and to prevent chilling .they are also fed down a
heated chute to the roll A single stainless steel wire running the

- length of the roll is' used as the main electrode, This.is located s ome

2 to L4 inches from the roll at a position of approximately 1 o clock at

the clockwise end. A neon tube electrode, in series with the wire, is

located at 3 o'clock,

While tle 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
‘.win place of the neon tube, Even better results were secured by
using wire electrodes at 1, 2, 3 and L4 o'clock,

High voltage smoothed direct current Was/supplled by a tube type
réctifier with smoothing chokes, It was found that the most satlofactory
separation of the torbenlte was obtained by using a positive to earth
feed roller. Fairly high voltage (25 to 30 KV) then held the quartz
to the roller or diverted it away from the separating electrodes, while
torbenite plus iron bearing quartz and residual bematite left the roll
towards the separating electrodes. At low voltages (10 KV?) and the
same polarity viz, pos itive to earth, torbenite clings to the roll and
is removed by the wiper while gquartz merely impinges on the roll and
is thrown off 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 treatiment must be given to the
products,

5 MT, PAINTER SAMPLE.

a. Preparation and Sizing..

The sample of ore used in the first test series came from No, 6
wWorkings, Mt. Painter. It contained a very high proportion of iron
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, this is the
highest grade fraction and was rejected as. too fine for the dry processing
proposed as the next treatment step, Thig rejection of slime is accompanied
by the loss of 23. 6/ of the U308 content of the ore.

Table 1

°

Bs Aperture Uz04

Screen inches | 9% Weight Assay % Distribution %
r SOl 7L 28,0 0,17 T3.5
+ 18 .0336 14.6 0.19 8.1 !
+ 36 .0166 7.65 0. 31 6.75
+ 52 - : L0116 6.1 0. 37 6.4
+ 72 . 0083 6.85 0.48" 9.25
+ 100 . 0060 5.65 0.56 9.0
- 100 Coarse ) 9.25 0.52 13.75
- 100 Fine : 9.15 0.9 23.6
Composite 100.0 0. 352 100.0

The composite head value of the sample was 0.35% of Uz0g.



b.. Magnetic treatment

All of the 81zed fractions excent the - 4100 mesh flnes were
treated on the magnetic separator for removsl of the ferruglnous gangue; .
the results are shown in table 2.

In the fractions coarser than 52 mesh magnetic recoveries are
lower than in the finer fractions. Rejections of magnetlc material
ranges arocund SON at all sizes, Composite torbenite guartz particles
were observed in the coarser non magnetic fractions (+14 to +36), this
showed that liberation was not complete at the coarser sizes. The
following tabulatlons show the overall

Table

-2

Magnetic Separation

& ow _ Uz0g % Weight

Product _B e, Dist. % in each each

Assay % Dist. % fraction fraction
+1h Mag 9. 7 O, T4 7,83 58,05 70. 4
" Non 8.3 0, 24 5.66 u»a95 29,6
+18 HMag 1.7 C. 1L L.65 57. 01 80.2
" Non 2.89 0.L42 3.45 L2, 6 19,8
+25 Mag 0. 47 0,15 Lo b6 46,1 62,0
" Non 2,3 0, 80 5,22 53,9 18,0
+36 Mag 6'35 0,16 2088 14.2e // - 8300
" Non 1.30 | 1,04 3, 8L 57,05 17.0
+52 Mag L, 97 0,15 2.12 33,0 81.5
" Non 1.0 1,33 L. 30 67.0 18.5
+72 Hag 5.3 0.13 1.96 2T.15 T7e5
" Non 1.55 1.65 7. 31 78. 85 2245
+100 Mag L. 61 0,20 2.62 29,15 81,8
" Non 1.02 . 2, 20 6.37 70, 85 18.2
—100 Coarse Mag | 7.36 [ 0.19 397 28.9 79.6
l Non|1.88 | 1.83 9.77 71 . 20, 4
-100 Fines 9.13 % . 0,91 2%,58 700, I

results of the treatment and the recoveries of Usz0g obtainable by
regectlng various products.

Table 3

Overall Magnetic Regults

U303

|Product t i Assay % [Distn, %
A1T Tagnetics] 70 uS' 0.15 50,5
ﬁll Non Mag. 29 0.79 U5.92
L4100 Fines | 9.13 0. 91 23.58 |
Table L
J Uz08 - .
Product % wWt., Bssayls Diztn %
Magnetics - 7o. L3 1 0,15 20, 50
Non Mag, + Fines P9.52 ;| 0.83 69, 50
Magnetics & Fines|79.61] O. 24 5L, 08
| Non Magnetics 20.39 1 0,79 45, 92

The minus 100 mesh fines was not
it was far too fine and dusty. It is certain
not be amenable to electrostatic treatment,
jected, The recovery thcin for the magnetic
mesh sizing is UL5.9% of the tolal Uz0g.
the liberation point, or say to - 36 mesh at whi
would be abgent the additional
further recovery in the non magnetics.

ch

amenable to magnetic treatment,
that such a product will
it must therefore be re-
treatment at the minus 100
_If the ore had been crushed to
‘sizing composites
slime loss would probably cancel any
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c. Blectrostatic treatment of non-magnetics.

Most of the electrostatic work was carried out under the
following conditions:

Temperature of feed 180°p.

6" roller, R.P. M. 240

Barth polarity positive
Separating electrode negative

Voltage 30,0007 (approx.)

The voltages quoted throughout are not really known accurately.,
The only exact measurement was made with an electrostatic voltmeter
reading to 12 KV which was about the lowest range of the rectifier
used. Voltages above this were calculated, the calculation being
based on the input voltage to the HT transformer. This input voltage
was controlled from a small auto transformer with numerous tappings.

The first series of electrostatic tests are shown in table 5.
Plus 15 mesh material was to0o coarse for any satisfactory sevaration
to be obtained, this also applied to plus 18 mesh material, however,
in the latter case the testing was completed so that the résults-
could be recorded. A1l testing was carried out on the non magnetic
fractions shown in table 2. The samples were split by the electro-
static trestment into "concentrates", that is, the torbenite product
thrown forward towards the separating electrodes, "tailings", the
product pinned to the roll and carried around until it dropped off or
was removed by the wiper. "Middlings" is the product dropping between
the concentrates and tailings. . In some cases .several concentrate
products were taken to see if really high grade torbenite concentrate
could be =Hlected. The "first cut? concentrate was always that portion
furthest from the roll. . : ”

Table 5

———Te

Electrostatic Separation of Non Magnetic Procducts.

Test Prod, U308
No, Treated Product % Wt Assay % Distn. %
+ 18 Non Concentrate 31.8 | 0. 54 33.9
1 Middling 66. 3 0. 49 } 6l. 2
Tailing 1.9 ; 0. 50 1.9
Composite 00, 0, 506 100,
+ 25 Non Concentrate 21,7 1,77 50, 05b
2 Middling 32,55 0, L9 21.h
Tailing L6, 35 0. L6 28, 55
Composite 100, 0. 746 100,
+ 36 Non . Concentrate 6.5 1. 08 83. 3
3 - Middling 26, 0.53 12,2
Tailing 9.1 0.57 Le 5
Composite . 00, 1,146 100,
i + 52 Non Concentrate 22,0 5, L8 50. 7
L Middling 7.3 1.45 9. 85
Tailing 70.7 0.6 - 39.4
Composite 00, 1,07 100,
_+ 72 Non Concentrate 10,2 3,03 27.3
5 Middling ‘ 22,4 , 24 51 8.8
: Tailing 670)-4- Oo 86 3909
Composite 00, R Y5 100,
¥ 100 Concentrate 186 cuti 2,0 6. 30 i Y
Non Concentrate ona %", 18,55 Iy, Ly L3.5
6 Middlings 3.5 5.09 9.4
i Tailings 75.95 1,01 » Lo, 5
i Composgite 100, _1.895 1 100,
i - 100 Goncentrate 1202 3,0 rgyn
P7 Coarse Middling : 12.1 2. 96 17.0
: Yon 1 Teailing 1 75.7 1.62 65.6
’ , Composite hoo, 2,10 100,
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general it may be said that the 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 serics contained 6,3% of
0ge The result are best on the plus 72 and plus 100 fractions

wéere recoveries in concentrates and middling products range around
60% of the uranium content of electrostatic feed. At coarger sizes
similar recoveries were obtained but the lower grade clectrostatic
feed at such sizings is reflected in lower grade concentrates. . At
plus 18 mesh the work has broken down altogether and there 1s pract-—
ically -no difference in grade between concentrate, middling and
tailing. -The work has also failed on the minus 100 mesh coarse
fraction, : '

In

The plus. 52 plus 72 and minus 100 mesh coarse tailings produced
in the work shown in table 5 were retreated several times oOn the
€lectrostatic roll to see whether any further concentration of
torbenite was obtainable.

Tuble

Retreatment of electrostatic tailihgs

The results are shown in table 6,

_6

Test Product Uz0q
No, Treated Product % Wt. Assay % % Distn
8 + 5% mesh Cons and 1ids TT.5 3.2 53.6
electrostatic | Tails 88.5 0. 36 Le, L
tail Composi te 100, 0. 686 100,
Special Cons 0,15 25,0 L.6
) + 72 mesh Mids 7.55 3.6 33.3
9 electrostatic | Tails 92,3 0. 55 62,1
tail Composite 100. 0.817 100,
=100 mesh -Cons 0. 55 34 1.75
10 coarse Mids 1.7, 3.05 3425
electrostatic | Tails 97.75 1.55 95.6
tail Composite 100, 1,59 100, .

In the case of the two coarser fractions

"has concentrated appreciable additional uranium mineral.

case of the minus 100 mesh product as formerly,
of uranium has taken place.

concentrate containing 25% of UzOg.
considerable distance in front of the roller, it represents only L4.6%

of the uranium content of the material fed to the roll,
that it is possible to produce some high grade uranium

however,
Table 7 following shows the

concentrate by the electrostatic method.

the retreatment
In the
no useful concentration

The +72 mesh treatment gave a special

This material was collected a

it indicates

overall recovery from the + 52 and + 72 fractions by the technlque of
repeated electrostatic treatment, )

Table 7

'7

Repeated electrostatic treatment

Test , . atio of
No, Product % Wit, - _|Assay % Distn, % %oncentratlon
Con Test L4 22,0 2.u8? 8,05
L Mids " 7.3)37.L4 1 1.45)2, 4k 9.35)80,2 ’
& Cons & liids Test 8 8.1 3.2) 22,8 ‘
8 Tails Test 8 62.6 0. 36 19,8
+52 Composgite 00, 1.7 36 100,
Cons Test b 10,2 303 21,7 :
5 Mids " 22.4)37.81 2,51)2.86 | 39.5 )75.95
& Spec.Cons Test 9 9.1 25,0 - 1,75 2.65
S Mids Test 9 5e - 2.6 12,95
+72 Tails Test 9 62,2 0.55 2L, 05
Composite 00, 1, L2 100,
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In the case of the plus 52 mesh electrostatic feed the
recovery is 80,2% of the uranium in a 37.4% concentrste by weight
containing. 2.MMA of Uz0 % Minus 52 plus 72 mesh feed gave 76% re~
covery in a similar bUlk and grade of concentrate.

(d) Overall magnetic-électrostatic 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
composites ex1st in coarser material and finer grinding is requ1red
to secure satlsfactory llberatlon.

Table 8

Magnetic—-electrostatic treatment

R ' B % VWt, Uz0g 'U;Og content Ratio
Fraction Product Fract 0/all | Ccon- ; all rejects| of
) tent Dlstn cone.
Mag Reject | 83,0 6.35 0.16 {L0.5 feed content
+ 36 Elect Reject 5.95 (. 0.L46 0. 54 9.9 0,186 9.0
. Concentrate 11,05 0.8 1. 48 14L9,6 0.33
A Mago Reject 3T. L L.97 0.15 3048 .
+ 52 Elect Reject| 11.65] 0.71 .0.36 |12.6 | - 0.176 Al, 7
Concentrate 6,9 | 042 2. 145 | 50.6 0,33 ' :
) Mag Reject 77 TB 3 0.13 [23.6 | T
+ 72 Blect Reject| 1L.0 | 0.96 0.55 {18,0 | . 0.194 1.3
Concentrate.| . 8.6 0. 59 2,87 | 58, L 0.U43 :
- 100 Mag Reject 79, 7 7. 36 0.19 1 27.75 |
Coarse | Elect Reject|{ 15,0 { 1.39 1.56 [{L3,0 |°  0.LO7 18.0
Conoentrate 5.3.1 0.L9 | 2,99 | 29,25 | 0.55 '

Since the above fractions contain only =bout 45% of the
uranium content of the original curshed and sized ore, the overall"

recovery represented by them is only around 20% of that in the ore.

If the ore had been crushed to minus 25 mesh - instead of minus
10 mesh thus eliminating the untreatable plus 25 mesh fractions; amd
if the uranium content so liberated had distributed itself between
the remaining fractions in similar proportions to those given in table
1; also, if the subsequent sizing, magnetic and electrostatic treatment
of. the products gave similar results to those guoted in table 8; then
the overall results of treating the ore at minus 25 mesh sizing would be

as follows:

. I moswaned.dnlelectrostatic cons - 28 65 of total
!M . gl e e
] ag Reject 81.8 ’u 61 ( ' -
+ 100 Ei?éﬁniiji? 12.65 | 0.77 $'21 2582 0.316 l |
' b ‘ .LI'5 O. . $ . 2207
L | ’_ 25 I o714 L0.9 I 0.51 ’
(C Frecuroo : l

A few electrostatic tests were. carried out on magneff*‘?EjEnva—u

with no expectation of successful results. The work was done 'because
of the chance that i1t -would be successful and thereby allow the magnetic
step to be ellmlnated The results, recorded in table 9, were guite
unsuccessrtul, . -
- : Table 9
Electrostatic treatment of magnetic rejects.
Test [ Product |~ _' % , UZ0R
No. | Treated {Conditions Products | Wt, Assay % | Distn,. %
T {72 + feed Cons 37.75 0,07 28,35
Mag 4 roll 4 Mids - iBL. 75 0,10 58¢75
30 KV Tails 765 . 0,16 % 12,9
Composite {100, |1 . 0.09 | 100,

i
|
|



TableA9 Contd,

R R ST T T T T IO S R T R T

MTest | Product | | K ' U(y&
No, | Treated iConditions| Products Wt —_Assay % Distn &
+72 -~ feed / Cons LT 2 0,08 37495
12 roll i Mids 51.65 0.07 i 55.45
Mag { Tails 7.15 0.06 i .6
30KV i Composite 100, 0,06 | 100,
+7100 + feed i Cons - Lo, 2 0. 20 i L6,6
i Mids 51.8 0.15 i 145,05
113 Mag roll i Tails 8.0 0,18 { 8.35
i 30KV | composite!100. | 0.17 : 100,

6. EAST MT, PAINTER SAMPLE.

The sample of TLast Mt, Painter ore was zaid to be rather higher
in grade than others tested. It proved to contain around 0, 3% of
U OE It appeared to be generally similar to the ssmple from No, 6
workings except that the proportion of iron oxide gangue was very much
lower, '

a. Preparation of samples,

In view of the evidence obtained on the earlier sample that
crushing to at least 25 mesh 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 electrostatic 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 cla381f1ed productas.
Table 16

Sizing analysis. Sized portion of sample

i BS ; Aperture | % : ! !
{ Screen ! inches @ Wt. ‘Assay % i Distn. % i
7436 © ,0166  ; 21.45 ¢ 0,165 | 12,57 ¢
: +52 . L0116 P 15,3 1 0,213 1.5 ;
b 472 + ,0083 | 12,55 0,262 ! .6
i+100 : ,0060 ! 9.55 1 0.327 11.0 ;
;=100 Coarse ; {o21.2 1 0.7 31.25
{100 Fine ! ¢ 19.95{ 0,32 ! 22,1
Composite i 100, i 0.283 100. |
Screen tests of -100 mesh fractions.
' Bs : Aperture i Nelgnt !
{ Screen § inches i =100 COaPse i ~100 ¥ine
. +150 i . 0041 TR 38.4 } 2.6 !
14200 : ,0030 | 17,1 ; 2.7 ;
: =200 : : Lh, 2 : 9L. 7 !

Table 11.
Classified portion of sample - distribution  of Uz0g

: P ] ___Uz0g b
t Product Weight Assay % } Distn.%
Spigot 1 ¢ 21.15 0.23%6 y 16,65 i
Spigot 2 ! 18.95 |  0.223 ! 101 ;
'Spigot 3 ¢ T4.5 0. 261 ; ' 12,75
. Spigot L b 33.3 | 0. 411 i L5.6 i
Overflow i 12,1 i 0.27 L 10.9 ;
Composite! 100, ; 0. 30 ! 100, :
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Sercen tests of spigot products.
-~ Bs T Aperture _ % Weight
Screeni! inches Spigot 1 , Spigot 2 |, Spigot %3 , Spigot I | Overftlow
+52 i L0116 i 75.5 1 67.75, L2,5 i 0,6 '
+100 ; ,0060 6.3 . 9.1 & 6.1 L7
+150 [ . ooL 1 1.75 2.5 i 8.7 | 19,1 i
+200 | ,0030 { 0.55 ! 0.45 ! 3.4 ! 11.9 i 100, 0
=200 | 0.553 0.7 ! Sele i W7.2 |

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 treatment.

Tebles 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.

1% Uz08 7 Wt,
Product . Wt. |Assay % Distn % Distn % in each each
fraction fraction
+35 Mag be 23 0, 08 Te /b 14,05 29,05
+36 Non 15,22 0.2 10.75 85, 95 70, 95
+52 Mag i 7.08 0.1 2,5 21 7 L&, 25
| +52 Non' 8.22 0..31 9.0 783 53.75
{+72 Mag 5¢ 42 0,08 1.5 13,15 L3.15
i +72 Non [ 7.13 Ouly 10,1 86. 85 56485
+100 Mag | 3.83 0.07 0. 95 8.6 4O,
+100 Non v 5,72 C.5 10.05 91. 4 59.9
-100 Coarse Mag ! 7,21 O.,1L 34 55 SN 3,0
~100 Coarse Non 113.99 0. 56 27.7 88,6 66,0
-100 Fine 19, 95 0, 32 22,1 100,
Bulk - all Mag [LL.,2 0. 08 T3.T
Siges except Noni55,8 o, L2 86,9
fines Comp 100, 0,27 100,
Mag + fines {49.7 0.185 32. 4
All won Mag 50, 3 0.381 | 67.6
100, 0.283% 1 100,
Table 13
Magnetic treatment of Classified products
' U308 .
Product % T Distn Ul in ea. Z Wt. ea.
W, Assay % Distn.% fraction fraction
1 Spigot iag L35 0.05 2.0 10435 67,85
1 Spigot Non .8 0.63 1. 25 85,65 32,15
2 Spigot Mag 93 0.07 242 15.35 46,95
2 Spigot Non 9.7 | 0. 37 11.9 8L, 65 51,05
3 Spigot Non 8.8 0. 39 11.. 4L 89. 55 60,65
L, Spigot Mag 3.55 .17 2,05 L,4L5 10.7
L4 Spigot Non 29.75 O Ly - L3,6 95. 55 89.3
Overflow 12.1 0.27 10,85 100, 100,
Magnetics .
& overflow| 45,0 0,12 18.85
All(Non Mag 55.0 O, b 81.15
Compesite 100, 0,30 100, - )
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) The following iron and insoluble assays were cbtained on the
various magnetic and non magnetic products.

%

Product % Fe Insol Product % TFe Insol
Magnetic +3%6 37.6 - 34,6  Non Magnetic +36 12.5 76.9
o +52 35,7 36.6 " +52 .2 87.3
" +72 L3,0 34,2 " +72 7.3 8641
" +100 37.5 33.0 . " +100 74 84,8
" ~-100 Coarse 36,0 36.2 " -100 Coarse 11.0 78.5
-100 PFine 16,8 64.8 '
Magnetic 1 Spigot 39.3 30,7 L -1 Spigot L,9 89,7
" 2 " 3.2 37.8 " 2 5.1 89,5
" 3 . 32.2 L2.5 ' " 3 L,5 89.9
" I " 32,8 LO,7 - " L 12.9 7h.h
Overflow 17.5 62.7 '
Table 1L following, shows the iron and insoluble distribution in the
composite magnetic and non magnetic products.
Table 14
Iron and Insoluble distribution in products from magnetic separation
' % Assays Z Distribution %
Product it e Insol Fe Insol
éMagnetics and fines 59,7 29,2 L&, 55 7h. 8 36,15
Bized(Non Magnetic 50.3]  9.75 ] 81,25 25,2 63,85
(Composite : 100, . 19,4 64.0 100, 100.
Magnebics and overtiow | 45,0 21,0 43,05 754 55 30,2
Class{ Non Magnetic 55.0 9.2 | 81.4 26,65 69.8
ified 1100, 19,0 64,1 100, 100.

The magnetic treatment on the sized material excluding fines
has resulted in the recovery of 86,9% of the uranium in a 55.8% by
weight non magnetic product, When the fines are also rejected the
overall recovery in non magnetics is only 67.6%. The magnetic treat-
ment and sizing rejected 74.8% of the iron from the products.

Similar treatment on the classified fractions resulted in the
recovery of a 55% by weight non magnetics fraction containing 81.15%
of the total uranium. 73.3%5% of the iron was removed in the megnetics
and overflow. ' :

The iron and insoluble contents of the different products show
that, at the sizing used, there is no clean separation between
ferruginous and silicate gangue, the wagnetic work, however, has been
useful in rejecting 2 substantial part of the iron-bearing portion.

c, Blectrogtatic treatment of non-magnetics. The electrostatic treatment
was carried out in a manner similar to that detailed earlicr 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 i:ke up from the sized fractions., . Table 16 gives similar
results on the classified products.:

Table 15
Electirostatic trecatment of non-magnetic sized fraction

Trest . " 75 T U308 : '
No, |Fraction Product Wt. Assays % Distribution %

Concentrate 1st 0.2 0.713 0.2

" 2nd Ll 2 0.16 L3,8

4 +36 Mids 21.5 0.20 26,6

: Tails 3lie 1 0,14 29.5

Compcsite 100, 0,16 100,
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Table 15 Contd.

Test 7 U308
Noo Fraction Product . Wt Assays % Distribution %
COI’JS 20.0 0.20 . 9'5
15 +52 wids 276 0,69 L5
Tails 5204 . 0.36 45.0
Composite 100. 0.L2 99,9
Cons 2.2 0.91 449
16 +72 Mids 6.5 OULI-6 7014
Tails . 91:3 039 87.7
Composite 100, 0.l 100,
Cons 14 uLl- 0341 901-'-
17 +100 tiids 21.0 Oolily 18.6
Tails 67.6 0.53 72.0
Composite 100, Q.50 100.
Cons 2.8 1.00 3.8
18 -100 Mids T 0.60 ENn
Coarse Tails 93.1 Q.73 92,8
Composite 100. 0.73 100,
Concentrate ist 0.8 Te27 2e5 -
19 Composite 1 2nd 19.3 0.69 30.7
all Mids 2Ll-n5 Oel—';‘—l- 2)4-.8
sizes Tails _ 55.4 0.33 L2.14
Commosite 100, 0.3 99,9
Table 16
Electrostatic treataent of non-magnetic classifisd fractions.
Test Snigot U30
NO. No. product B Wt Assay % Distne. %
Cons . 27.9 071 . A7eU4D
20 1 Midsa 29.4 0.53% . 29 .45
Talls Lb2.,7 0.4 3341
Composite 100, 0.53 100.0
Cons , 15,1 0,52 2l .6
21 2 Mids 16.0 0.47 23.55
Tails 68.9 0. 2L . 51,85
Composite 100, 0532 100,
Ccns 5.3 1.48 2241
22 3 Mids 16,1 0.2%3 U2.6
Tails LL.8.6 0.26 35.4
Cemyposite 100. 0.36 100,
Cens 1st 1.3 0,96 362
23 L w 2nd ‘37,6 0.39 37:4
N{ids 8.6 0033 7.2
Tails 2.5 0.39 - Hh2.2
Composite: 100. : . 0. 39 » 100.

All of the results in the above tabulations are very discouraging.
The ratic of concentration arve very low indeed and the grade of con-

centrates and recovery is altogether too low.  Table 17 following shdws
the effect of a variation in the electrogtatic conditions. . In thess
cases a positively charged feed roller was used as formerly but the
voltage was kept down in the region of 10,000. Under these conditlons

‘gangue minerals were dsflected 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 1s a tendency for the uranium minerals to be
held to the roll and removed by the wiper. Plus 36 and »lus 52 non
magnetic fractions weic treated in this way the gangue product being
re-passed several times. In table 417 the terminology has changed, in
this case concentrate refers to the uranium bearing product carried

to the back of the roll and tailing refers to the gangue thrown forward
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Table 17

Electrostatic Treatment

Test Product | % U308
No. treated Product * Wt Assay % Distn %
+36 Cons 5.65 0.84L" 31.05
2L Non Mids 9.85 0.30 19.3
Mag. Tails 84.5 0.90 49,65
Composite 100, 0,153 100.
) +52 -Cons 1,65 3463 2941
25 Non Mids €405 0.58 1740
Mag Tails 92.3 0e12 539
Composite 100. 0.206 100,

in tables 15 anpd 16.
50% in concentrates of 10% to 15% bulk.

The above results are very much better than any of those shown

In tests 24 and 25 uranium recoveries are around
It would have been desirasble

to carry out more testing under the conditionsg applying to tests 24 anad

25 but unfortunately,

d. Overall magnetic-electrostatic treatment.

all original ore and sigzed products were exhausted.

This has not been

assessed for the East Painter ore as it was known that electrostatic

conditions were not necessarily the optimum,
52 mesh material overall recoveries are as follow.

- Table 418

Magnetic—-electrostatic recoveries

For plus 36 and »plus

% . { Ratio of
Size Product Wt. | Assay % Distn.% | concentratic
Magnetic reject 29,051 0.08 0.085 175 )
+36 Blectrostatic reject 58.9 0,09)"° L1.05 :
Cons and Mids 11,0 O.l2 Lt 45 745
Composite 99,951 0.13 100 .
Magnetic Reject Lo.2b} 0.1 29,5
+52 Electrostatic reject L9.6 0.12;0'11 38,0
Cons and Mids Lo 1.2L 32455 2L.6
Composite 99,95t 0,156 99,95

in the finer sizes.

represents 30.5% of the total.

7. SUMMARY.

Two samples of ore from the Mt. Painter district were examined.
The first sample was from No. & workings, it contained 0.35% of Uz0g.

Crushing the ore caused the uranium minerals to concentrate

Preliminary magnetic treatment of the crushed and sized ore
re jected 70.5% of magnetic material containing 0.15% of U%Og, this

Crusher fines which are

oo fine for

the dry processing contained 0.91% of Usz0g or 23,6% of the total.
This also would be lost in the proposed dry treatment making the_over~

2ll crushing and magnetic loss 5LU.1%.

25 mesh to sccure adequate liberation of the uranium minerals.

Eléctrostatic treatment of certain of the non magnetic products
under the conditions detailed in the report were not very satisfactory,
The work indicated that the ore should be crushed at least as fine as

The

electrostatic work also indicated that repeatad retreatment of tailings
was necessary in electrostatic work on this ore.
recovery on the plus 52 mesh fractions was 80.2% in a 37.4% concentrate

containing 2.44% of U308.

similar concentrate.

The electrostatic

Plus 72 mésh feed gave 76% recovery in a
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It is calculated that overall recovery of uranium by crushing
to minus 25 mesh and rejection of lime, followed by magnetic and
electrostatic treatment of sized fractions, would be around 28 to 29%
in final concentrates containing 2% to 3% of Us0g. The testing and
assumption on which this estimate is based are given in the revort.

~ The second sample  of ore was from East Mt., Painter. It contained
8.3% of U30ge The samnle contained more siliceous and less ferruginous
ganguey Testing was carried out on minus 25 mesh ore svplit by classi-
fication and screening into various fractions. In this case also the
uranium minerals concentrated in the finer fractions.

Magnetic treatment of the sized fractions rejected LL.2% of the
gangue assaying 0,08% Uz0g, a loss of 13.1%. Untreatable crusher
fines raised the compos%te reject assay to 0.185% U 08 and 49.7% by
weight, a loss of 32.4% of the Uz0Og. Similar trealment of classified
products rejected L5% of magnetits plus overflow containing 0.125% of
U30g or 18.85% of the total.

. Electrostatic treatment of the non magnetic portions was carried
-out under the conditions stated and with the results given in tables
15, 16 and 17, Under best conditions electrostatic recoveries ranged

around 50%,

Overall magnetic-electrostatic treatment anplied to the East
Painter somple recovered from the minus 25 plus 36 fraction o total of
U41.45% of the Uz0g in an 11% product by weight assaying 0.L42% U;Og. In
minus 36 plus 52 mesh material the recovery was 32.55% in a L.1%
concentrate containing 1.24% of Uz0g. '

8+ CONCLUSIONS.

The work done on the ores was not successful in securing either
high grade concentrates or high metal recoveries. Magnetic soparation
applied to ores of the type represented by the two samples submitted
gave a useful rejection of ferruginous gangue. Electrostatic treat-
ment, applied to non magnetics was only partially successful in
concentrating the uranium minerals, It was felt that Turther
exploration of electrostatic conditions could profitably be undertaken,
However, amy lmprovement in electrostatic conditions could only improve
recoveries fran that portion of the urcnium mineral not already lost
in magnetics and crusher fines,

144 June, 1945.




Vii. THE RECOVERY OF URANIUM FROM THE TORBERNITE

- AUTUNITE ORES OF MOUNT PAINTER, STH.AUSTRALTA

by
P, DIXON and T.R. SCOTT

Division of Industrial Chemistry
Councill of Scientific and Industrial Research.

1. SUMMARY.

The importance of uranium as a source of atomic
energy has stimulated an investigation into the possibility
of recovering uranium from the sutunite~torbernite ores of
Mt. Painter, South Australia,.

The poor grade of the ore and its location at. a
remote part of the State, reguired that every endeavour be
made to develop some simple chemical process, whereby the
uranium in the ore could be concentrate@&, or preferably
extracted as pure uranium compounds, at or near the mine.
By this meang, transport of large gquantities of low grade
material over difficult 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 Uz0g) 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 best results are
obtailned 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 liguors, after separation from
the precipitate of uranous oxalate or fluoride, 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 rccovery values of 65-70 per cent
from an ore containing 0.25 per cent Uz08.

1

2a INTRODUCTION.

Of the numerous methods which have been in operation
both in this and other countries for processing uranium ores,
the majority have hed as their primary objective the recov-
ery of uranium.

Pitchhlende ore such as that occurring at Great
Bear Lake in Canada has been successfully treated by a pro-
cess employlng digestion with hydrochloric acid (1).
Carnotite ores have been vzriously 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 1s sintered with acid sulphate. The complex
titaniferous ore from Qlary, South Australia, has presented
a peculiarly difficult problem and is discussed fully else-
where (3). Both the torbermite and autunite ores from
Mount Painter have been treated commercially over a limited
period by the South Australian Radium Corporation which
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for the most part treated the ore with hot hydrochloric 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 arec dis- '
solved along with the uranium and the subsequent recovery of
uranium therefore involves several operations and somewhat
eglaborate 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 extraction.

The essenticl nature of the present problem was
the extraction ond concentration of uranium preferably at the
mine, where, under arid conditions and in a remote situsation,
it become necessery to give due congideration to the assoc-
iated factors of limited water supply and transport focilit- |
ies, cnd the maintenance of chemical plant. With these
factors in mind cny extraction process had to be & feairly
simple one using < minimum of complicoated equipment. A
process of selective leaching of the uranium mineral, pre—
ferebly &t cir temperntures, seemed to be the ideel, with
subsequent recovery of the urenium in a menner which would
permit recycling the leaching agent and a minimum use of
water. ‘

The nature of the ore at Mt. Painter hns been
fully discussed elsewhere (L,5) and therefore only a brief
description of the ores used in the present investigation
will be given here, The investigations have been almost
entirely confined to the leaching of ore from Mt. Painter
No.6 workings. This matericl is @ coarse breccisa, impreg-
nated with silico ~nd containling considerable quantities of
iron rnd manganese oxides. . Torbernite (Cu(UO2)2(POL) 2e
12H20), meta~torbernite (Cu(UO2)2(POL)2.8Hp0) and autunite

CQ%UOQ)Q(PO%) .8H20) occur ag surface encrustations or as

lakes and p a%y crystals in cracks and joint planes of the
gongue, Ores in & less complex matrix are found elsewhere
in the area, but sufficient amounts were not available for
extensive studies ot the start of the investigation. The
ore received ot the leboratory consisted of lumps (3—6
inches), the uranium content veorying from O. 14-0.25 percent
U308, with torbernite ns the major uranium mineral.

3 ANWALYTICAL METHODS

A Uronium.

At the outset it became evident that an invest-
igation such as this would invoeolve o very large number of
ursnium analyses and a simple =snd rapid method was essential.
Greavimetric methods were slow cnd difficult, particularly
when applied to solutions contcining much iron and 1little
uraniume To this end & colorimetric method based on the
yellow color of uranyl solutions wms devised and has been
successfully used throughout this work in the analysis of
ores and leach liguors. Since & full account of this
method has been given elsewhere (6), it will suffice to
give only & brief description here.



-3 -

Uranium solutions of known concentration were pre-
pared from A.R. U02(NO3)2 6H20, the ursnium content of which

-was checked by ignition and welghing as U308. With these

solutions 2 standard curve wos obtained exXpressing the relat- .
ion between color intensity and uranium content of the sol-
ution over the range 0.15 - 1.0 per cent U308, the curve
belng linear between 0.15 and 0.75 per cent Uz08,. The color
intensity 1s represented by the extinction (E), read directly
on o Zeiss Pulfrich grodation photometer using cells of

20 mm. optical depth nd employing specturm filter 8 43
(filter gravity L340 AC). Of the numerous contamineants
found in leach liquors from Mount Painter No.6 ore, only
copper and iron showed any tendency to interfere in the
colorimetric method. Interfercence due to copper is entire--
ly eliminnted by the spectrum Filter S.43 and the inter-—
ference due to the yellow-brown color of small amounts of
ferric sulphate is reduced to @ negligible amount by the
eddition of up to 25 per cent of phosphoric acid (SeGe= 1a75).
An empiricelly determined correction must be spplied to the
extinetion in the presence of large cmounts of iron.

B, Iron.

Iron determinations were likewise required in
large numbers and & colorimetric method employing thiogly-
collic zecid wes usaed. In the presence of iron, thiogly-
collic ncid produces o red-purple color which is unaffected
by large cmounts of phosphote and is directly proportional
to the iron content over the range 2.5-7.5 mgm Fe/litre.
To on aliquot of lench liguor contcining e suitable weight
of iron, thioglycollié accid solution (8 per cent thiogly-
collic acid in dilute emmonia) is added dropwise until a
permanent red color is obtained. An additional 1.0 ml of
thioglycollic cecid solution is then sdded, followed by
10 ml. of 6 N ammonia nnd the solution made up to 100 ml,
The resulting solution is then shaken vigorously and the
color read immediately by the Zeiss Pulifrich photometer
using She yellow filter 8.57 (meximum transmission at
5720 A7) '

When ctnalyses of other contaminants were re-
gquired, stenderd procedures were used.

L. SOLUBILITY OF TORBERNITE AND-  AUTUNITE.

It is known thot both sutunite and torbernite
are soluble in mineral ccids and concentrated alkeli car-

pbonate solutions. For the initial tests on solubility

samples of high grade nutunite (yellow) and torbernite _
(green) were obtained by hand-picking rich ore. Anealyses
showed these to contsin 50.7 per cent and 50.5 per cent
U308 compared with 61.6 per cent and 60.41 per cent respect~-
ively for pure minerals of the formula R" UOZ)Q(POQ)Z
8Hp0s Spectrogrophic analyses of these hand-plicked sem-
ples, however, showed that the yellow mineral contained
some copper, while the green mineral contained appreciable
gquantities of calcium.

Solubilities and rates of solution of the two
minerals were determined in sulphuric, nitric and hydro-
chloric acids, at room temperature. At higher temper-
stures, the iron oxides present in the ore dissolve so
readily that the solutions become heevily contamineted with
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iron salts. No tests were carried out with sodium corbon-
ate solution which, evan ot 400°C., is & less efficient
solvent than the cold minercl acids.

A.  Solubility in icids.

An excess of the hand picked minerel was shaken
with oacids of various strengths until equilibrium was
reached, five hours being more than sufficient for this

puUrpoOse. The solvent powers of the aeclids were compared
on the basis of normalities.’ The results are dhown graph-
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From these results the following cobhclusions may
be drawn - :

(1) Autunite is considerebly more soluble than torbern-
ite in all three ocids.

(i1) sSulphuric acid is consistently better than the other
two mineral acids, although hydrochloric acid is
nearly as good. :

(11i1) Increcse in strength of the acids does not generally
result in importont increnses in the amount of
urenium dissolved per equivalent of acid. The
greatest increase occurs with sulphuric acid on
torbernite where 1 N acid dissolves 412 per cent
of the theoreticelly possible emount of minereal
compared with 19.5 per cent for 5 N ecid.

B Mass Action EBffects.

The usual reaction, viz.
3H280) + R"(UO2) 2(POY) o == 2H3zPOy + R"804 + 2U0280y

represents an equilibrium ond is thus subject to mass action
effects. '

When further large amounts of torbernite or
autunite were added to the equilibrium mixtures and shaken
for another five hours, & small increcse in the amount of
urconium in solution was generclly observed (Table 1).

TABLE 1.
Acid Mineral Gm. U308/litre dissolved at
’ equilibrium
With small excess | With loarge ex-
cess of minegre
2N Hp80) Autunite 55 98
2N HNO3 " L3.5 L. 4
2N H2S0) Torberni te 2543 26,7
2N Hps0) Torbernite + ) (25.3) 50
Th(NO03) 1l .

With the exception of autunite in 2N sulphuric
acid, these amounts werc not sufficient to invalidete the
results given in PFig. 1. In the case of autunite and sul-
phuric acid, the precipltation of calcium sulphate caused
the equilibrium to be displaced to the right hand side of
the &@bove equation. This implies that the corresponding
curve in Fig. 1 can have no pretentions to accuracy - it
merely indicetes that sulphuric scid is still o better
leaching agent ‘than the others,

Removaol of phosphoric sacid from solution by
precipitation as insoluble phosphate should also effect the
solubility of autunite and torbernite. The effect was
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demonstrated by adding 5 gm. of thorium nitrate to an
equilibrium nmixture of 2N sulphuric acid and excess torber—
nite, and shaking for five hours. By this means, the
solubility of the torbernite was almost doubled (see Toble ).
This phenomenon hos no practicel value, since the only phos-
pheates insoluble in mineral acids eore those of thorium, zir-
conium ond tetravalent cerium. .

- If phosphoric ncid be odded to the solution in-
stead of removed, a decrease in the cmount of uranium in
solution is noted; € & 1in the presence of seven times the
usuel smount of phosphoric acid, the solubility of torboecrn-
ite was decrecsed by nenrly 20 per cent,. This decrense is
not sufficicent to affect significantly the sfficiency of
cny lenching processes to be described, since such a large
excess of phosphoric peid cannot accumulate in these pro-
CCSSESe '

C. Rate énd‘Selectivity of Leaching.

Although no exact work was done on the rate of
solution there is no doubt that autunite is more rapidly
dissolved than is torbernite.: Finely ground autunite diss-
olved to the maximum amount in less than one minute's shek-
ing with 2N sulphuric ccid, while the rrote with the finest
torbernite wos clways metsurable. For the three milneral
ceids, the rate of solution of torbernite wos approximately
proportional to the solubility. Sclectivity of leaching
wos surprisingly good for all acids.. Although the semples .
of hand picked autunite end torbernite were sufficiently
ferruginous to enable testing for iron contamination, in no
insteance did Bny of thc solutions contain morc than 41 part
of iron to 100 parts of Uz0g, and this obtalned sven when
7 gms. of fincecly ground ferruginous crude ore were shaken
with a solution of @utunite in 2N gulphuric ccid Tfor five
hours. Hydrochloric acid at concentrations cbove 2N re-
acted in the cold with the manganese dioxide in the ore,
producing noticeable gquantities of chlorine, and cousing
contomination of the solutions with mangenese.

5. LEACHING OF MOUNT PAINTER ORE.

L. SBingle Extraction Leaching.

(1) Choice of leaching rgent.

From the foregoing study of the solution of the
uranium minerals in the thrce mineral acids, it was evident
thet sulphuric nfcid was the most effective leaching agent.
Other important frnctors favoring the use of sulphuric ncid
were: (r) its cheapness, (b) hydrochloric acid reguires
special corrosion -~ resisting cquipment, ond also reccts
with the ore to produce chlorine, (e¢) nitric acid, be-
sides being less cffective tharn sulphuric acid, was found
to be undesirable during the recovery -of uranium compounds
from the leach liguors.

It beceme clenr at aon early stigs of this
investigation that the method of leaching was to some ex-
tent influenced by the method used for the rscovery of
uranium from the leach liguor. It will be secn later that
the method of recovery odoptel necessitated that the acldity
of leach liquors should be not less than 3.2 - 3.5 N and
for this reanson sulphuric acid of 4 - 5 N was chosen as the
lesaching ngent. In Tnble 4 (p.9) the retes of leecching
with vorrious strengths of sulphuric acid nare given, and
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lend support to the use of L.N acid.
(11) Methods of leaching.
These can be described under three hecds:-—

(a) Agitation leaching, where the ore and leaching
agent meoy be placed in containers and subjected to rumbling,
or where finely ground ore may be stirred. Such methods
result in repid lcaching, but an unduly .high proportion of
iron is dissolved owing to the production of large emounts
of very fine materinl by the grinding action.

. (b) Circulation leaching, where the leaching agent
is circulated continuously through the ore. In laboratory
“trials, liquor from the bottom of the leaching conteiner
was continuously removed apnd added to the top by means of
an air-lift, 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 after the completion of the preliminary work
described above. .

(1i1) Amount to leaching agent.

Beceuse of the low grade of the ore; the amount
of acid liquor was fixed at that regquired just to cover the
ore sample. This volume of acid was extremely large 1in
relation to the amount of uranium &vailable in the ore
sample cnd it therefore became imperative to leach more
than one sample of ore with the same lot of acid in order
not only to obtain o useful concentration of uranium in
solution but also to make the moximum effective use of the
acid. ~The extent to which this continued leaching could
be carried out with the one lot of acid will be fully dis-

cussed later.
(iv) Analysis of ores =nd leached residues.

BEven with the maximum care in sampling, it was
felt that complete reliance could not be placed on analyses
made on somples drawn from the relatively small lot (approx.
.3 kg) of coarse ore used in the majority of leaching trials.
The totcl uranium content of each lot of ore was therecfore
determined by =dding the weight of undissolved uranium re-
meining in the ore to the weight of uranium present in
solution in the lerch liguor. The latter quantlity was
readily found by colorimetric analysis of the liquor but
considerable difficulty was experienced in determining the
former quantity by gravimetric analysis of the leached ore.
It was found, however, that by bthoroughly washing the
lecched ore with water, drying end grinding to & sufficiently
fine size (-1/8 inch), all the residual uranium could be
extracted by re-leaching the fine material with 4N sulphuric
acid. This re-leaching was done for five days, at thec end
of which the urenium content of the leach liguor was dete§~
mined colorimetrically. . Assuming 80 per cent extraction
in five days (Table L), the uranium content of the leached
ore could then be calcultted. In this way, 2ll sampling
errors were eliminated. The method wes chscked 1n several
cases by weshing the re-leached ore, re~grinding to even
smoller size, and leaching for a third time wlth acid.
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The only urcnium reccovered in such instances was the 20 per
cent unleached at the end of five days in the first re-
leaching.

% On this assumption, values obtained for the uranium con-
tents of leached ores are probably slightly greater than the
true values, since, in the Majority of instances, it is
probable that somewhat more than 80 per cent. of the uranium
is leached in five days. It should also be noted theat,
even if this figure varies from 75-85 per cent in different
estimations, the corresponding variation 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 influences (&) the mccessibility of the
uranium content of the ore to leaching agents, (b), the re-
tention of leach liguor by the ore, and (c) the rate of
leaching. '

(a) Accessibility of uranium minerals to leaching agents.
Several lots of lump ore were leached until practically all
visible uranium minerals had been dissolved. The totel
accessible uranium was then determined from the leach liquor,
edding the amount represented by the small weight of visible
torbernite which could be removed by heand from the lumps.
The ore was washed, ground to .pass 1 inch screen, and re-
leached until the uranium content of the z2ecid showed no
further increase. The additional uranium which had been
rendered accessible by reducing the size of ore was then
determined in the leach liquor by the usual ccolorimetric
method. The process was repeated on the same ore with
further reduction of particle size.

The results are given in Table 2 and have been
calculated on the assumption (see page 7) that practically
all uranium is accessible in -1/8 inch ore.

TABLE 2.
Size of ore ercentagé of total uranium
: rececessible
Lump (3-6 inch) L2-50
- 4 inch 75-85
- 1/4 inch ~ 90-96
- 1/8 inch " Approx. 100

‘(b) Retention of leach liguor. Since the aim throughout
the investigetion has been to devise a leaching procedure.
which produces liquors of a strength (1.5-2.0 per cent
U308) suitable for subsequent récovery processes, it is
evident that excessive quantities of wash liguor from the
spent ore cannot be tolerated, for their concentration to
a reasonable strength by evaporation would be costly and
tedious., (The possible shortage of water in the Mount
Painter area must @lso be taken into consideration).
Moreover, when operating a cyclic leaching process (q.v.),
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it is essential to maintain o constrnt minimum volume ond
strength of ~cid in circulntion, and this crnnot be achieved
with low grade ore (0.25 per cent Uz0g) without restricting
the volume of wash weter to the lowest possible figure.

The volume of liquor retained by the ore after gravity
draining is thus of great importonce, since it has been
necessrry in laboratory tricls to washwith the same volume
of water to recover epproximately half of the retoined
uranium salts. ~ Figures showing the progressive increcse in
retention of liquor, =as the particle size of the ore is re-
duced, are given in teble 3.

TABLE 3a
Size of ore Percentage of liguor Volume of liguid
retained when ore 1s required just to
just covered with cover 41000 gm.
liquid
o % ml.
Lump 6 ' 320
- 1 inch 22-.27 = , 2L5
-1/ " ' L5 © 200,
- 1/8 _ 65 ‘ - 185
- 22 # ' 85 210
-100 # . > 90 240
(¢) Raté of lecching. Pure torbernite dissolves more
rapidly in scids when finely ground and & similer effect
might be expected with finely-ground ore. Experience has

-~ shown, however, that: slthough solution of iron from the ore
is accelerated, the cccessible uranium from -1/4 inch ore is
dissolved less rapidly than that in - 41 inch ore. Table L
shows this effect for verious strengths of sulphuric acid.

TABLE Y.

PERCENTAGE OF TOTAL [ACCESSIBLE URANIUM LEACHED
-1" ore (7% - 14 #)) —-1/L" ore (29% - 4 #

5.013.8 2.6 [.L 5.0 L5 B.9 [2.6 [T.L
i ' 73| 83 59 | 52 L8 |52 |52 L6 L6
2 90 | 91 - | 69 62 |73 |65 60 | 63
ky oL | 93 85 | Tk 79 {84 | T8 71 71
7 96.{ 98 2 | 85 85 |92 | 84 78 81
11 100} 100 | 100 | 99 97 {100 | 93 96 96
15 100 | 100 100 | 100 | 400
wt. U308 '
1?ach§d LeO6 | LUol7 | L.B5T7 ko2t | 2.68 |3.29]3.2C] 3.15] L.47
g '
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The ores in guestion were carefully smampled by riffling and
leached with equal volymes of acid until a constant concen-

- tration of uranium was obtsined in the liquors. Lecching

wes static except for the ngitation of the leach required to
insure proper mixing before dPQW1ng daily samples of the
iqguor,

The results show that the most suitable strength
of ecid lies in the range 3.8-5.0 N, though the decrease in
ate of leaching with weaker acid is by no means as great as
might be expected.. For - 1 inch ores, it appears that =a
two-day leaching period is necessary to obtain 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
total emounts of uranium extracted from each lot of ors,
despite the careful sampling. Since egual weights of the
two sizes were itmken, the lower uranium content of the ~1/u
inch ore can hardly be ascribed to sampling errors, but is
more probably due to loss of torbernite dust during grind-
ing and riffling, particularly the latter. Measures were
taken to minimise such losses when samples were being
ground for analysis.

From the above considerations, it is evident that,
elthough all the uranium present in -1/8 inch ore is access-
ible to leaching, when compared with coarser ore, the rate
of lesching is slower, the degree of iron contamination in
the liguor is greater, and the volume of lecach liquor re-
tained by the ore presents serious difficulties. These
three disedvantages 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 ecid 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 contalning-a reasonable
amount of uranium. Moreover, although the leaching effic-
iency is reasonably good in the first two leachses 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 liguor.

The optimum size of ore must therefore lle
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 Teble L were
borne out, only 8L per cent of the accessible uranium being
leached, With ~1 inch ore, however, due to the greater
rate of leaching, a higher percentage of the accessible
uranium was recovered, and this size of ore has therefore
been taken as the optimum, although 1t is possible that the
true optimum size of ore may be nearer to -3 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 obtain 2% U 308 solutions., Such a method would be par-
ticularly sultable 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 fines
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would be most laborious, if not impossible. By contraét,
fines associated with -1 inch ore amount to only 7—8 per
cent of the total materiel.

(vi) Selectivity of leaching.

In order to determine the nature and extent of
contamination of the leach liguors, two liguors were pre-
pared, one with 4N sulphuric and the other with LN nitric
acide. 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 was to de-
tect those metallic constituents having insoluble sulphates.
Analyses are given in Table 5.

TABLE_5.
Gm. /100 ml. HNO3 leach H280), leach
U308 2.16 3.45

Fe 0.52 0.88

Al 0.4 0.2-0.3
Mn ' 0. 37 0.7
Rare Earths 0.3 < 0,2

Mg < 0.05 2 0.4

Ca < GCui : -
V205, - “ 0.01

The presence of rare earths (approx. 50 per cent CeOp) was
interesting and suggested that they might be derived from
monazite. A sample of 98 per cent monazite (=100 # )
left in contact with UN nitric acid at room temperature for
three weeks we&s observed to undergo partial solution.

These results ?r§ in accord with the observations of 8till-
well & Bdwards\D®) that finely disseminated monazite is
present in the ore from No.,6 workings at Mount Painter.

The following elements were not detected in
elther 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 virtuael 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 liguors to dryness,
confirmed the iove 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 1is clear, however, that when the large preponderance of

ganguec material is taken into account, the leaching process
is still guite selective with respect to uranium.

(vii) Reduction of acid strength during leaching. .

Where three lots of ore were treated with one lot
of UN acid, it wes found that each water washing diluted the
cacid liquor to such an extent that the leaching efficiency on
the third lot of ore became greatly reduced. Reduction in
acid strength from this cause cen be eliminated by washing
the ore with 4N acid instead of water,

Reduction in acid strength also occurs through
solution of contaminants such ss iron, manganese, aluminium,
etc. The degree of this reduction in acidity has been
determined by titrating samples of leach liguors 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, & precipitate of sodium silico-fluoride is formed dur-~
ing the titration and givés a false end-point. This error
can bhe overcome by filtering the solution before completing
the titration. The method was checked by titrating synthet~
ie leach liguors of known acidity. Titration with decinormal
alkall to various end-points (as shown by indicators) did not
give satisfactory results, due to the very slow change ir
acidity in the region of pH 3 L. The titration technigue is
sufficiently accurate for control purposes 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
0. 7- 4. ON. This velue is slightly greater than cen be ex-
plained on the basis of known contaminants. In order to
recover leach liguors having a final free acid normality of
342=-3,5N, it is therefore necessary to start leaching with
L.5N acid. Recycled acid (see p.18) contains ferrous 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 Leachinge.

During "single extraction" leaching of Mt. Painter
ore, it was shown (Teble L) that the rate of leaching de-
creagsed very considerably after the first day. In an attempt
to overcome this difficulty, methods of ."counter-current"
leaching were devised, in which each lot of ore was leached
wlth at least two lots of acid before being discarded. In
this way, the mass action effect, which presumebly slows down
the rate of leaching in a single extraction leach, is very
much reduced, since the uranlum not dissolved by the first
lot of acid is subsequently leached by fresh acid or acid
containing only minor amounts of phosphoric acid &nd uranium

salts.

The counter-current methods were tested by a
series of leaches on =1 inch and =% inch ore.

(1) Counter-current leaching of =4 inch ore.

The scheme is shown in Pige 2. In each cycle,
four lots of ore are leached with one lot of acid, which
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remains in contact with each ore sample for one day only.
FEach lot of ore is leached twice, so that in one cycle two
lets of fresh ore and two lots of previously leached ore are
treated. ' : '

CYCLE 4.  A——-B e ool e

‘D :
i ACID WASHES recovery
D¢ ¥

E—— F ey “

CYCLE 2. s

WATER WASHES 1 ‘
C | ACID WASHES
E F—G— H—> "

P 5
A ool

WATER WASHES

CYCLE 3.

A description of the procedure for cycle 2 will serve
to explain the method. :

Ores C: end D have been leached once, and drained but
not washed. Bach therefore retains approximately 25 per
cent of acid liquor (Table 3). To C 1s 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 liguor
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 equel to the
average of that usually retained by these ores, and this
liquor is also added to E. After leaching E, the liquor
which can be drained off is added to F and the same volume
of a2cid as wds used in the previous wash is also sdded to F
to ensure that the ore is covered. (Alternatively, E may
be washed with this volume of ccid before adding it to F)e.
The liguor finally drained from F is filtered (or the sus-—
pended material allowed to settle) and trected to recover
pure uranium compounds. Ores C and D core subsequently
given a water wosh, equal in volume to the acid wash
mentioned above. These ores are then discarded and the
combined. weter washes used to prepare fresh acid for the
next lenching cycle, Ores B end F sre not washed with
water, since they sre to be leached again in Cycle 3.

cmples of ore were prepared by passing two bags
(approximately 4100 lbs.) of lump ore through a jew crusher
until the material all passed 1 inch mesh. Since this
procedure concentrctes the uranium into the fines; the
latter were separated by screening at 14 mesh, and both
fine and coarse materials were divided into sixteen app-~
roximately equal somples by riffling. Samples were then
welghed separately and ezch brought to the seme welght
(within 2 gm.). The fines and the coarse material were
finally mixed to produce sixteen equal composite somples. -
This procedure wes repeated on several occasiong, the
semple weight vorying from 2700-3000 gm., &and the percent-
age of fines from 7=9 per cent. To cover one sample,
750 ml. of 4~5N sulphuric ncid were required, of which
- 150~200 ml. were reteined by the ore after draining. Var—-

iation of the ccidity within the limits given did not

eppear to influence the leaching efficiency.

» to uranium



- 1 -

The total amount of uranium rémaining in the ores

after leaching was determined as described on page 7.
Uranium present in the final liguors 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 Tsable 6.
TABLE 6.
Cycle Weight of U308 Percentage| ‘Percentage
In final { Recovered in Not ggaggﬁgl ggaggﬁﬁl
liguor washings leached| 1 cnched. Recovered.
gn. gne gne 74
1 8.3 - - - -—
2 9.0 1. O 3. 20 77.5 70. 4
3 6.6 0.87 346 70.7 63.3
“A 9.8 0.86 2.50 82.3 7644
5‘ 9.8 Oo 73 3.50 76.3 711.3
6 8.5 0. 68 3, 26 75.2 70.0
Averagdg 76. 4 70.2

Comparison of the average percentage of uranium leached
(76.4 per cent) with the percentage range for accessible
uranium in -4 inch ore (Teable 2) shows that this method of
leaching is a great improvement on single extraction leach-

ing.

The difference (6 per cent) between the percentage

leached and that recovered represents the uranium leached
but not recovered by the washing technique adopted.

As an
acid washing aond
given in Table 7

indication of the improvements effected by'
counter-current leaching,
are of intereste.

the results

TABLE 7.
Leoching | Duration|Washing |Lots of!| Concentration Percentage
Process { of each | liguid ore |of U;Q%ln of total
leach. leached |fina iquor |uranium
days. % leached
%
Single ex-
troction. 1 Water 3 1e 70 56
" 2 " 3 1.82 62
" 1 Acid 3 1. 18 61
Counter '
current 4 " 2 1. 58 76

Fn the first two single extraction leaches,
of ore were leached with the same lot of acid,

successive lots
keeping the

volume of the latter constant by the addition of the woter
wosh from the ore previously leached.

iencles were low,
of ore for two days.:

The leaching effic~

even when the acid was left on eech lot

Better results were obtained with



- 15 -

acid wroshing combined with one-dny lenching. In all the
single extroction lesches, however, the third lot of ore

wos inefficiently leeched, due in all probobllity to the
megs action effect of uranium and phosphoric ocid ealrecdy .
in solution. That counter-current leaching overcomes this
problem is shown by the greatly increased extraction of
uranium, the concentration in solutions obtained from two
lots uf ore being necrly as great os that from three lots of
ore leached by the single extrection method.

(1%) Counter-current leaching of -} inch ore.

It 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, a2t the same time overcoming the difficulties
arising from high retention of leach liguor and consequent
loss of ureanium by incomplete washing and slower solution
rate of the uranium mineral in such fine ore.

To this end a procedure was 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, cach ore sample thus being leached three
times instead of twice as in the scheme discussed for -1
inch ore. The effect of this procedure was .also virtually
to provide three washings for each ore semple. Acid wash-
ing was .employed. A flow sheet of this system is given in
Figs 3 from which the operations can be seen in greater de-~
teil.. For example, in cycle 3, sample C has had two
leachings in previous cycles and somple D one leaching..
Fresh 4N acid sufficient just to cover the ore is added to
C which 1is leached for one dgy. The liquor drained off is
added to D, and C then receives a water wash equal in volume
to the 11quor retained. After leaching D for one day, the
liquor is drained off and D given an acid wash equal in
volume to the retsined ligquor. The combined leachate and
acid wagh from D is then used for leaching a fresh ore
sample E, The acid liguor is drained from E after a day's
leaching and B given an acid wash., The combined leach
liquor and acid wash from & is then ready 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, B and F, F being a fresh ore
sample.

e % UPanium

CYCLE 1. A B C : -
recovery
l ‘JACID WASH
CYCLE 2. —— G —-D > uranium
D ACID WASH recovery
WATER e
WASH NG \
CYCLE 3. » C— E - » uranium
e R
 WATER ‘ . ACID WASH recovery
| WASH A
CYCLE L. : D——- E~—--F > uranium
_ yd recovery
WATER
WASH

FIG. i.
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In following out this counter-current scheme, two bags of ore
were crushed to ~% 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 of ore being covered with 300 ml. 4N sulphuric acid.
4 careful check.of the uranium extracted was made by color-
imetric analyses of each leach 1liguor. Each ore sample as
it was discarded from the lsaching series was thoroughly
washed with water and dried at 110°C. Fresh 4N acid was
then put on the dried ore and releaching continued for a
week to determine the amount of accessible uranium which had
not been leached.

: The results from this leaching programme are
shown in Table 8. '

TABLE 8.
Ore Total U30 - Uz0g Uz0

Sample| U308 aéc%ss;'legc ed rego%~ Peroengigg of total
in ore ible gn. | ered Leached | Recovered

gne e gme % %

C 3. 05 2.90 2.60 2e¢ 25 85.2 7348

D '_30 23 3. 07 2. 75 2. 30 85- 1 - 710 2

B 3. 16 3. 00 2.55 2. 07 80.7 65.5

F 3,98 3.78 3432 |2.57 83.4 6L.6

¢ | 3.20 3.0h | 2.69 |2.09 8l 4 654 3

The average leaching efficiency value ‘of 83.7%
is quite good, comparing favourably with the values given 1in
Table 4 for single extraction leaching. However, 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 & considerable amount of the uranium
extracted is not recovered in the washing. This is due
to the excessive and variaeble smounts of liguor retained by
such fine ore, a feature which lends added weight to the i
arguments already set forth in favor of leaching -4 lnch ore.

The method adopted for -1" ore cannot be
applied satisfactorily to -%" ore since washing losses are
greatly increased. On the other hand, 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
-4 inch ore and the lower percentage of uranium which is
accessible 1n such relatively coarse ore. '

Ce 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-
ulearly so in a cyclic process and the ability to recycle
the acid liguor after recovery of the uranium either as
the tetrafluoride or the oxalate depends on &a number of
factors. Of these it has been found that increase in both
iron and fluosilicic acid content do not appear to have
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any adverse effect either on the recovery of the uranium or
on electrolytic reduction except for the extra consumption of
electrical energy reguired to reduce the iron. It was never-
theless reasonable to expect that the contaminants such as
iron, manganese, etc. would ultimetely 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, aluminium, phosphoric acid, etc. lost from
the cycle by the necessarily incomplete washing of discarded
ore become egual to the amounts of the same contaminants
dissolved in one cycle. Continuation of the cyclic scheme
beyond this stage would not result in any further increase of
the contaminant concentration of the liguor and, provided
that satisfactory leaching could be achieved with such con-
taminated acid, recycling could be continued indefinitely.

FPor any particular scheme of counter—current
1each1ng using ore of constant size and having a constant
retention value, it is possible to celculate the maximum
contemination value for each element, if the rate at which
contamination increases with cach lot of ore is known.

This figure has been repeatedly determined for iron in leach-
ing with acid of different strengths snd has been fixed at
0¢12 gm. Fe per 100 ml. of 4.5N leach liguor per day, using
-1 inch ore. It has been assumed that the concentrations
of other contaminants (mangsnese, aluminium etc.) in the
leach llquor bear a constant ratio to the iron concentration
and this ratio has been determined by complete analysis of
several leach liqguors. Actually it has been aobserved in
counter-current leaching that the rate of solution of
manganese and aluminium does not remain constant but tends
to fall off rapidly. The calculated meximum concentration
of contaminants therefore gives a correct value for iron

but a somewhat exaggerated figure for the other contaminants.
It was felt that if such a "maximum conteamination® liguor
gave satisfactory leaching, the leach liquor of meximum con-
tamination found in practice would give egqually satisfactory
results. Since it was calculated that approximately 20
cycles are reguired before the recycled liquor reached this
maximum contamination value, 1t was difficult to check cal-
culated contamination with actual fligures, but over five
cycles close agreement between theoretical and observed iron
values was obtained.

For L4.5N acid on -1 inch ore, the liquor of
maximum contamination is calculated to contaln, in one 1itre,

16 gm. Fe, 11 Gm. Mn, 5 » A1 and 24.5 gm. conc. H3PO
(S.G. = 1’7 ) No éccoggt is taken of he other e emghts

present in minor amounts in an actual leach liguor.

It was found in practice, however, that further
contamination of recycled liguors occurs as a result of the
oxlidation of ferrous iron (produced by the electrolytic
-reduction) by menganese dioxide in the ore, according to
the reaction, .

MnOp + 2FeSOy + 2HpSOL—->3Fen(804)3 + MnSOy + ZHQO

Moreover, "eccording to the method adopted for the precip-
itation of uranium from the reduced liguors, further con-
tamination occurs. If the oxalate is precipitated, the
excess of oxalic acid rcmainlng in the liguor reacts with
t he manganese dioxlide in the ore, according to the re-
action, :

MnOC2 + H2C204 + H2S80L > MnS0y + 2H20 + 2C02
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To allow for
manganese in

this increase in contamination, the amount of
synthetic liguors of maximum contaminstion must
be increased from 11 gm./litre to 44 gm./litre. If hydro~
fluoric @cid is used to precipitate the uranium, excess of
the- -reagent reacts with the silica in the ore to form fluos-
ilicic acid or with the aluminium salts in the liguor to
form complex fluosulphates, The maximum fluorine concen-
tration attained during recycling can be calculated as
%fscribed above and gives a value of 27 gm. fluorine per
tre.

In preparing synthetic liquors, therefore, the follow-

ing contaminants were added per litre :
88 gm. 7H20
50 gm. Alp(S0y,)3, 15H0
170 gm. MnSOy, L4H20
(SeGe = 1.75),

and when hydrofluoric acid was used as precipitant, the
eppropriate amount of 35% hydrofluoric acid was also added.

Fe30L,

13.5 ml. H3P04

The practicebility of operating a cyclic process with
such contaminated liguors was investlgated by a series of
leachings on -1 inch ore, using the counter-current method
shown in PFig. 2. At the end of each cycle, the liguor was
reduced eleoctrolytically and uranium precipitated, as the
oxalate in the first eight cycles, and as the fluoride in
the next four. The filtrate from each precipltation was
combined with the washings from the spent ore in the next
cyele, and sufficient concentrated sulphuric acid was added
to give a recycled acid of the desired normality, which was
then used as the leaching sgent 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 on page 13.

Results of this leaching program are summarized in
Table 9. In the first four cycles, it was found that the
ore was of much lower grade than usual and a fresh lot of .
hand-picked ore was used for the succeeding cycles. More-
over, it was only during the first four cycles that the
extra contamination due to oxidation of ferrous irom and
oxalic acid was noted, and the liguors of appropriately in-
creased manganese content were conseguently not used until
the fifth cycle.

TABLE 9.

Ore Leach Liguor Precip~ | Percentage of
Lots Uranium| Contem- [Normality itant total uranium
- leached | content | ination of free eached | Recov-
% U308 Hosoy % ered
A - H 0u 143 | Meaximunm L.5 Oxalie. 68 -
acid
- P C. 276 " 5.0 " 75
Q -V " " L.5 Hydro- T4 65
fluoric
acid
Ww-~-X " Nil L.5 " 81 72
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From these results, it might be concluded that
uncontaminated acid is a more efficient leaching agent than
fully 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 technigque is less satisfactory, since
a”reduced 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 c¢yclic process; since the liquor
edded to the first ore in cach cycle is not fresh acid, but
contalns the uranium not. precipitated from the previous
leach liquor as well as that recovered in the wash liguors
from the previous cycle. In non-cyclic leeching (Table 6),
the latter quantity of uranium is all that is present 1in

the acid used for cach new cycle. In all forms of counter-
current leaching, washing losses can be reduced by 1 to 2
per cent by adopting the a2lternative scheme of washing the
third ore 1in each cycle with acid, instead of adding the
acid directly to the fourth ore, as has been the practice

in all experiments described here. If, instead,of washing
gpent ores (such as C end D, Fig. 2) separately, C is first
washed, the drainings used to wash D, and the same process
be repeated with a fresh lot of water, the total volume of
washings is the same but only 33 per cent instead of 50 per
cent of the urenium in the retained liquor .is left unre-
covered, Furthermore, in precipitations with oxalic acid,
the volume of the liguor is decreassed by evaporation during
heating, and it moy therefore be possible to incrense the
volume of wash liguor and still maintain the total volume of
recycled liquor within the desired limits. It is claimed,
therefore, that o 65-70 per ccnt overall recovery of uranium
mey be obtained in the c¢yclie process described above.

The merits of the various leaching processes
which have been described will be discussed later in con-
junction with the methods used for recovery of uranium
from leach liguors.

Ce. RECOVERY OF URANTUM FROM LEACH LIQUORS.

In the past, it has been customary to recover

- urenium from acid solutions by the sodium carbonate process.
To the acid liquor,sodium cerbonate is added in sufficient
amount to neutralize the acid and dissolve the uranium cs
sodium uranyl tricarboneate. The carbonates of iron,
copper, etc. ore precipltatecd. The solution is separated
from the precipitate by decantation and filtration, acid-
ified and boiled to remove carbon dioxide. By careful
control of the smscidity, sodium uranate may be precipiteted
at this stage; elternatively, if the solution be too acid,
precipltation is effected by re-neutralizing, this time
with sodium hydroxide. The precipitate is finally washed,
filtered and dried. (Ammonium uranate may be prepared

by an analogous method).
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Theoretically the above process results in com-
plete recovery of the uranium but it suffers from several
serious disadvantages. One disadvantage lies in the nature
of the two precipitates obtained. The first of these, a
mixture of copper, iron and other carbonates, forms a bulky
gelatinous mass which has to be very thoroughly washed in
order to realise the theoretical recovery of the uranium,
This implies generous use of water, which is not desirable
under the conditions obtaining at Mount Painter,

The second precipitate (sodium uranate) is also
gelatinous and presents & difficult filtretion problem.

Perhaps the most important disadvantage 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 an excessive waste of acid.

For these reassons attention has been directed to
the possibility of precipitating the uranium from strongly
~acild solutions, thercby facilitating the recycling of the

acid liquor to subsequent leachings and also reducing to a
minimum the use of water for washing purposes.

All salts of hexavelent uranium appear to be
soluble in acids, but tetravalent uranium shows close
analogies with thorium, in that the phosphate, oxalate, and
fluoride are cnly slightly soluble in sulphuric acid.
Moreover, thesec salts can be precipitated in a readily
filterable form, .

The process of uranium recovery can therefore
be divided into two stages, reduction and precipitation,
which will be dealt with in that order.

A. Reduction.

It 1s well known that reduction of hexavalent
uranium (uranyl ion) to the tetravalent form can be effected
in many ways, either by formic acid in the presence of sun-
1light, by reaction with a more electronegative metal such
as magnesium, 2zinc or iron, or by electroliysis.

Reduction of uranyl sulphate solutions proceeds
eagsily and quantitatively by elither the metallic or elec-
trolytic methods, such reduction actually forming the basis
of & volumetric method for the estimation 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
uranous phosphate unless the acidity is maintained above
a certain minimum value. As shown in Table 10, this
eritical acid concentration depends on the concentration,
of uranium,

TABLE 10.
Cébnecentration 0.5 C.75 1.0} 1.5 2.0 ‘3.0 L4.O 6.0
% U308 |
Highest normali- 1.85 [ 2.5 2.9 ] 3.15{3.4 53.5 3.5 | 3. 75
ity at which i
phosphate pre- }
clipitates. |
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Increase in the concentration of phosphoric acid
gbove that ratio normally existing in torbernite or autunite
ceuses 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
normsality becomes greater. by epproximately O.LN. Near the
critical value however, preclipitation of uranous phosphate
is very slow and it is possible to reduce solutions having
slightly less than the critical aid concentration without
encounterlng any trouble, At the concentration of uranium
found in actual leach liquors, i.e. 1.5=2 per cent U308, it
is necessary to maintain the concentration of free acid at

e value preferably greater than 3.25N in order to prevent
concurrent precipitation of uranous phosphate during re-
duction. For this reason the use of 4 -~ 5N acid for in-
itial leaching purposes is important, Admittedly the acid
concentration of more weakly acid liquors could be adjusted
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.

(1) Metallic reduction.

Experiments showed that complete reduction of
synthetic torbernite solutions (1.5 per cent U308) could he
effected by a minimum of four eouivalents of either zinc or
iron.

In these and subsequent experiments on reduction
and precipltation; synthetic torbernite solutions have been

used. Such solutions contained uranium, copper and phos-
phoric acid in the proportions found in the mineral torber-
nite. The uranium was introduced as amonium uranate diss-

olved in sulphuric acid and the copper as copper sulphate, .
These synthetic solutions consequently contained ammonium
sulphate derived fraom the solution of ammonium uranste in
sulphuric acid. Synthetic torbernite solutions made from
the oxide, U308, dissolved in sulphuric acid showed no
differences in behaviour from those solutions containing the
ammonium sulphate and it therefore appeared that the ammon-
ium salt hed 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 procesgse. However, precipitations
of uranium tetrafluoride, oxalate or phogphate can be made
successfully following reduction by iron. The large excess
of iron in the solution after reduction does not cause any
significant contamination of the product. Precipitation
of uranium oxalate is unsatisfactory from solutions reduced
with zinc since zinc oxelate contaminates the precipitate
to an extent which reduces the uranium content from 50 per
cent Uzx08 to 30 per cent U308 or lesse -

(11) 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 the apparent current
efficlencies for uranium reduction are in all probability
lower then the actual values operating. Nevertheless the
results permit definite conclusions to be drawn, particularly
with regard to optimum current density. .

The electrolyses were cearried out in cells con-
sisting of one litre lead besakers, the inner bottoms of
which were coated with a clear lacquer. Porous pots were
used to ceontain the anolyte,. The walls of the lead beakers
formed the cathode while & 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 & catholyte capacity of 300 ml. and were kept
cool by surrounding them with water in a large container.

The course of the reduction was followed by removing a small
aliguot of the catholyte and titrating the reduced uranium
with O, O5N potassium permanganate, but in the presence of
iron, titration with O.O4N ferric sulphate solution, using
thiocyanate as indicator, was employed.  This latter tech-
nigue would form a valueble control method in any large scale
operation. The titration with permenganate was straithf-
forward and excellent results were obtoined provided the tit-
rations were carried out rapidly. Slow titrations enabled
alir oxideation of the uranous solutions to introduce variable
errors. Titration of reduced urenium with ferric sulphote
solution was satisfactory when the sliguot of the catholyte
was diluted to 4100 ml., with hot water,. In cold solution and
in a small volume the oxidation by ferric ions was too slow
to.enable the titration to be performed,

In calculating current densities, an accurate
measure of the cathodic surface could be obtained from the
copper deposit resulting from the electrolysis of torber-
nite solutions, the upper edge of the deposit being sharply
defined agelnst the lead of the cathode.

Although the cathode was inltlally lead, the
dep051t10n of copper virtually resulted in the uranium being
reduced at o copper cathode. This effect naturally lowers
the current efficiency since the ovepr-voltage for hydrogen
is very much less ot a copper thon at a lead electrode.

The optimum current density was determined by
electrolysing a synthetic torbernite solution (1.5 per cent
U308 apnd 3.25N in free acid) over a raonge of current dens-
ities and mecsuring the current efficiency at 95 per cent
reduction. For each value of current density a graph show-
ing per cent reduction against time was prepared and the
actual time for 95 per cent reduction read from the curve.
Owing to the possible reduction of uranium to the trivalent

tﬂge the rate of reduction does not fall off as sharply when
epproaching the completion of the tetravalent stage as might
otherwise be expected, and up to 95 per cent reduction the
time reguired is alwoys rec dlly defined. Towards 100 per
cent reduction the exnct time is not definable with certainty
ond, for this reason, the current efficiencies have been de-
termined at 95 per cent reduction, '

From the plot of current efficliency against
current density os shown in curve A, Fig. U, it is seen that
the best current efficiencies are obtained at low values of
current denslty - not greater than 2 amps. per sg. fte. At
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TABLE 11.
Concentration Free Acid Current efficiency
% U308 Normality (at 95 per cent reduc—
: tion).
248 3425 76 (deposited U3(POL)L)
2.8 L, 00 ‘ 80 3 4 4
2,8 5.00 81
e 3. 25 68
1o li L. 00 70
Toly 5. 00 70
0.93 3425 ' Ly
0.93 4, 00 57
0.93 5. 00 61

Variation in cell design may have a beneficial
gffect on the operating efficiencies and a few electrolyses
were carried out with & cell of different construction in
which a lead sheet anode is covered with a closely fitting
diaphragm of asbestos cloth impregnated with silica. In a
cell of this type the volume of the anolyte is considerably
reduced and the total electrical resistance of the cell Dbe-
comes more nearly that of the catholyte which, because of the
greater ionic concentration, is eppreciably lower. In such
a cell the energy efficiency for reduction is somewhat greater,
e.ge the operating voltege for similar current density was
2.40 volts as against 2.55 volts for the porous- pot type.
Curve B in fig. 4 represents the plot of current efficiency
against current density for this cell and it is seen that
although the efficiency at low current densities is of the
seme order ns from .the first type of cell, the efficiency does
not fall off as ropidly with increasing current density.

Observations on the individual effects of con-
teminants were limited to fluosilicic a@cid cndiiron, the
latter being by for the most important. As stated previous-
ly, theoretical current efficiency had to be assumed for the
reduction of iron as well as for copper ond the current
efficiency for uranium reduction under these conditions is
based on the sum of the thegretical reduction times for all
three elements. In Table 42 are the results from electroly-
tic reduction of synthetic torbernite solutions (3.25N in
free acid) which contained the meximum contamination concen-
tration of iron (1.8 per cent iron) and of fluosilicic acid:
(2.7 per cent fluorine). From these results it is seen
that even with the assumptions made in calculating current
efficiency referred to above, the actucl current efficien-
cies ares somewhat better than those obtained previcusly for
the same concentration of uranium in synthetic torbernite
solutions. Included in Toble 412 is the result obtaired
for the reduction of a true leach liguor containing the
- maximum concentration of 211 contaminants; this shows good
- agreement with the other results. :
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TABLE 12.
Solution Concgn— Contemination |Current [Current effic-
trotion density llency at 95 per
% U308 ampE/ cent reduction
| I v of uranium,
Synthetic - 1e 34 1.8 per cent 1,92 . 82
torbernite ~ ilron.
" ' 1,140 2.7 per cent | 1,92 75
fluorine '
(as Ho8iFg)
Leach liquor 1,86 Moximum of all} 1,92 83
ex V; table 9 contaminants:

The somewhat higher efficiencies obtained in
the presence of contaminents appenr to be due to the presencs
of iron. Even allowing theoretical efficicency for iron re-
duction, the efficiencies for the uranium in the presence of
iron are higher then in corresponding solutions where iron is
absent but other contaminants are present. Moreover, 1t has
been observed that, with maxXimum contominatvion liguors, curr-
ent efficiencies for uranium reduction of the order of 70 per
cent are obtainable at very much higher current densities than
that gquoted ag the optimwun for gynthetic torbernite solutions.

The prescnce of such large amounts of iron in
actusl leach liquors introduces @ certain reduction in the
electrical economy of the process since & large proportion of
the electrical energy is used in each cycle to perform no
useful worke. Unfortunately the iron bhecomaes recxidised dur-
ing passage of the leach liquor through the leaching cycle
but there seecms to be no means of overcoming this problem.

Some preliminary reductiorns were attempted using
synthetic torbernite solutions in which the uranium was pres-
ent as uranyl nitrote. With these soluticns 100 per cent
reduction could not be attained and the limited reduction
possible was ‘exceedingly slow. Such incomplete preduction
wes undoubtedly due to the oxidising character of the nitric
acid present end it is essential to the success of the pro-
cess developed in this work thot nitrates or nitric acid be
absent from the leach liguorse. This aspect of the problem
further emphasises the unsuitability of nitric acid as a
leaching agent.

Stirring of the catholyte was not used during
the above loboratory experiments but would doubtless be ad-
vantageous. Such refinements azs stirring and variations in
‘cell design arce properly in the domain of pllot plant tech-
nigque end it is sufficient to record here the orders of
Optimum current densities and ccrresponding current effic-
iencies.

Ba Precipitation.

Four methods, involving the precipitation of
sodium uranous fluoride, ond uranous fluoride, oxalate and
phosphate, have been investignted and cre described in de-
tail below. -
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(1) Sodium urenous fluoride.

When sodium fluoride is added to & soclution of &
uranous salt, & green precipitate of sodium uwranous fluoride
(NaUFs5, HoO) is formed, the physical properties of which ore
charocterized by rapid settling, which rocilitates decantation
of the.mother 1igquor, and o granular formwhich permits rapid

Tt was found in preliminary experiments with
hat it could be precipitated from guite strong-
ranyl sulphate ~and in moderately good

filtraotione
this compound t
1y acid solutions of u
yield. .

m yield of this compound
gelt from & reduced

~ddition of solid sodium

: The conditions for optimu
were determined by precipitating the
synthetic torbernite soluticn by the
fluoride.

olution, 2 per cent

The synthetic torbsrnite S
f such concentration in

Uz08 and LN in free nclid, was chosen ©
uPanium and f{ree acid as to represcnt that of an average
leach liguor. The addition of sodium fluoride in the Bolid
form wrs NECCSsary in order to wold dgilution of the ccid

liguor, an jmportant factor in cny cyclic proccsse
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Tt was found that no precipitation of the com=
plex fluoride occurred until ot least one equivalent of
sodium fluoride had been added, at which stage & yield of
L}7 per cent was obtained. As shown in Fige 5 further
ndditions of the precipitant increased the yield and also
improved the physical properti@s of the precipitate. A
yield of gl per cent was obtained with three agquivalcnts
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of sodium fluoride but more then this amount resulted in
very little further increasc in yicld. .

Other factors such as low acidity of the sol-
ution had a maerked influcnce on the yield but since the
merits of the recovery of uranium as ‘this compound lay in the
preservation of the acid 1liguor, no good purpose could be
served by reducing the acid concentration in an attempt to

improve yields.

When this method of recovery was applied to true
leach liquors it was found that the product was contaminated
with aluminium in the form of sodium aluminium fluoride.

The extent of this contamination was such as to reduce the
Uz0g content of the precipitate from 75 per cent to 35 per
cent, although the percentage of aluminium was not large,
being only about 6 per cent.

(ii) Uranium tetrafluoride.

In an endeavour to overcome the difficulty of
co-precipitation of aluminium with uranium, hydrofluoric
gcld was substituted Tor sodium fluoride as the precipit-
ating sgent. 4 green precipitate of uranium tetrafluoride
is thus obtained which, in thec pure form, has the formula
UF)y e HpOa This compound 2lso has the desirable property of
guick settling which made sodium uranous fluoride initially
go attractive. Turthermore, since aluminium fluoride re-
mains soluble the product is substontially free from alum-

inium,
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: . The conditions for optimum yield of uranous
flucride are almost identical with those obtaining for the
complex sodium salt. It was found (Fig. 6) that 3 equiv-
alents of hydrofluoric acid as the 38 per cent commercial
grade were rceguired to give the optimum yield. From syn-
thetic torbernite solutions 2 per cent in U208 and LN in
free acid, the yield was 76 per cent, the uranium content
of the product, exXpressed for convenience as U308, being
77 per cent. Acld normality appeared to exert little
influence on yield, but variations in the concentration of
uranium Had a marked effect. This is shown in Table 13,
which gives the yields, expressed in terms of U303, obtained
from synthetic torbernite solutions over the range 0.93-2,8
per cent U308 and in L4 .and 5N free acid, three equivalents
of the precipitant being used.

TABLE 13,
S¥nthetic torbernite | Yield of | Uranium | Yield of uranium
solution UFLH2O from| content gm, U308 %
Concentra=- | Free acid | 200 ml. of UFLH20.
tion normality | solution % Uz0g -
% U308 ] £M. ) ;
2.8 I 5¢52 77.8 L. 29 7647
s 5 2.53 77.4 1,96 -} 7346
1.1t L 2,62 77.3 2.02 73.7
0.93 5 1657 77k 1.27% 65.0
0.93 L 1. 48 80.5 1.19 6L.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 conseguent
increase in washing losscs. This agein emphasises the need
for leaching an ore with low retention characteristics.

From actual leach liguors the recovery of uran-
ium @s the tetrafluoride is almost as good ss from the syn-
thetic torbernite solutions. From six leach liguors an
average yield of 73 per cent was obtained, the average com-
position of the product being 72 per cent U308,

(1ii) TUranous phosphate.

_ When synthetic torbernite solutions containing
1.5 per cent U308 are slectrolytically reduced, gelatinous
uranous phosphate (U3(POL)y) is precipitated unless the acid
normality exceeds 3. 15N. These precipitates, evea when set
to a gel, become crystalline on boiling or even on heating
for an hour at 80-90°C., - By reducing solutions of slightly
greater acidity, no precipitation occurs in the cold, but
the same crystalline precipitate is obtained on heating.

‘The precipitate settles and filters exXtremely well, but
analysis shows that considersble co-precipitation of sul-
phate ion occurg, the formula of the material approximsting
to U3(P0y)3(80y) 4,5, 7HpO after drying to constant weight
at 110~C.

The phosphoric acid present in autunite and
torbernite is only sufficient to combine with 75 per cent
of the uranium when the latter is reduced to the tetra-
valent state (assuming that uranous orthophosphate is
formed). . Precipitations were therefore carried out in
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synthetic torbernite solutions (1.5‘per cent U308) 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 for 41-2 minutes, cooled and filtered. From a color-
imetric estimation of the urenium in the filtrate, the per-
centage precipitated could be determined. Results are
shown in Teble 1h4.
T/.BLE. 14
‘-Normality of free Equivalents of phos- | Percentags of
sulphuric acid phoric acid present uranium prec1p1tr
: - ated %
3. 15 0. 75 28
" 4. 07 1. 60
" 1e 16 - 70
" Ya 31 . ) 77
" te 50 ' 90
1" e 25 90
" 3.00 _ 90
2.90 % 50 L7
3.60 " 58
3. 40 " 68
3.27 " 82
3. 1b " 90
3.90 3.0 71
Le50 3.0 59

In this table, resuLts =re also given for the percentage of
uranium precipitated when the acidity of the solution is
varied.. It is evident that the method is most useful when
the acidity is controlled within rather narrow limits.
Despite this hendicap, the use of phosphoric acid as pre-
cipitant is worthy of further consideration, because it
does not give rise to the additional contamination of leach
liquors which occurs when hydrofluoric or oxalic acids are
used. Moreover, according to the formula given above, the
phosphate precipitates only contain about 75 per cent of
the theoretical amount of phosphorus pentoxide. Hence,

if 0.75 equivalents of phosphoric acid be odded to a re-
duced leach 1liquor already containing 0.75 eguivalents de-
rived from the solution of torbernite, nearly 30 per cent
of the uranium will be precipitated and the filtrate will
still contain sbout 0.75 equivalents of phosphoric acid.

By recyeling this filtrate over a second lot of ore, a
further 0.75 equivalents will be dissolved with the uran-—-
ium and no further addition of reagent to the reduced

leach ligquor will be necessary, l.e. during ecach subseg-
uent cycle, sufrficient phosphoric acid will be leached

to obviate the need for adding any further acid from ex-
traneous sources.

Lttempts were therefore made to apply this process
to the precipitation of urenium from synthetic leach
ligquors containing the maximum guantity of contaminating
salts. (It is important to note that such solution are
approximately 30 per cent stronger than those prepared
for leaching purposes (see p.18), since the latter diss-
olve addltlonal iron, manganese, etc., during the leaching
- of the ore, before they are finally drained off and
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trcated for the recovery of uranium).  Although the method
employed was ldentical with that used for the earlier pre- -
cipitations from synthetic torbernite solutions, yields were
often below 25 per cent, and, even in the presence of four
equivalents of phosphoric acid, did not exceed 60 per cent.
Furthermore, grcat difficulty was experienced in cobtaining
reasongble agrecment between replicate precipitations. .

A study of the variables affecting the yield
indicated that the contaminating salts present in solution
tended to inhibit the precipitation of uranous phosphate
and that only by controlling the rate and duration of hesdt-
ing could this effect be even partly overcome. BEven with
glow heating, and by hold*ng the hot solution attemperatures
close to the boiling point for  several hours, the yield :
could not be consistently raised bcyond 70-75 per cent.

To achieve this, the addition of 3-4 equivalents of phos-
phoric acld was necessary. In a cyclic process this excess .
of phosphoric acid would build up sufficiently to regquire

a higher normality of sulphuric acid during electrolytic
reduction; hence careful control of acidity would be re-
guired to prevent the yleld of phospheate falllng below 70
per ecent. The method is thus less abiractive when applied
to comtaminated leach liquors, particularly as phosphoric
acid must be added at the end of emch leaching cycle .in

order to obtain the maximum yield .of uranium, -

*(1v) Uranous oxalate.. -

Uranous oxalate, like thorium oxalate, is only
sllghtly soluble in strongly ecid solutions. The preeip-
itate is bulky and gelatinous when formed in the cold, but
becomes erystalline on heating, and is then readily washed
and filtered. In view of the misleading results obtained
in the phosphoric acid precipitation from synthetic torb-
ernite solutions, preactically all oxalic acid precipitations
were done in synthetic leach liguors containing the meximum
smount of contaminants, assuming the cyclic leaching scheme
desorlbed on p. 16 et seq. to be operating.

Varidbleo investigated ‘included the technique of
precipitation, acidity of olutlons, number of equivalents
of oxalic and. phosphoric acids, concentration of uranium,
and composition of the precipitate. These will be dis-
cussed in order. )

(a) Technigue oflprecipitation.<

Although it was known from-the outset that very
good - yields could be obtained with this method, great
difficulty was experienced in obtaining reproducible re~
gults for comparctive purposes until the conditions of
prcecceipitation were standardized. . Despite the foct that
the gelatinous oxalates, precipitated in the cold, can
be made crystalline by heating soon after precipitation,
there are indicationg that after ageing for an hour or more,
the precipitate may remain non--crystalline even with pro-
longed heating. This daenger was ovoided by adopting, as.
otcndnrd procedure, the eddition of granular oxalic acid
to the cold solutions; under these circumstances, most of
the oxalic @cid does not dissolve until the solution is
warm enough to produce a crystalline precipitate. In
accard with this procedurc, solutlons were not stirred
until the temperature reached 70-80°C. The final temper-
ature and the ratc of heating are also of importance, and
slowly heated solutions which are finally boiled for &
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few minutes (ca. 108000) may give up to 5 per cent higher
vields 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 tcmperature of 95-100°C. These conditionsg give a some-
what lower yield than may be obtained under optimum conditions,
but this ensures that results, at least zs good as those shown
in Fige7, will be reproduciblé without difficulty in practice.

The oxalate precipitates are much more soluble in
hot then in cold acid, and the hot solutions readily become
supersaturated on cooling. The minor difficulties intro-
duced by this phenomenon will be dealt with at a later stage.

(¢) Acidity of solutions.

Yields from solutions containing 3.25N sulpluric
acid dlffered by less than 2 per cent from those carried out
in BN acid. For convenience, most precipitations were done
in LN sulphuric acid.

(¢) Equivalents of oxalic and phosphoric acid.

The effects of these two acids are so closely re-
lated that it was impossible to consider them separately.
Precipitations were therefore made to cover the ranges 0O.7-
2.3 equivalents of oxalic acid and 0.75-3.0 equivalents of
phosphoric acid, the maximum figure in the latter instance
being greater tnan would ever occur in an actual cyclic
leaching program, using oxalic acid for preeipitating the
uranium.

Since colorimetric estimations of the small amounts
of uranium left in the heavily contamincted filtrates were un-
satisfactory, the precipitates were filtered, washed with
water, dried for two hours at 110°C., and weighed. The uran-
ium content could then be determined colorimetrically in the
solution obtained by dissolving a known weight of precipitats
in nitric acid (which also oxidised the uranium) and diluting
to the required volume with sulphuric acid. Results are
shown graphically in Fig.7, for solutions containing 1.5 per
cent U308. '

[P s -
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Although high yiclds were obtained with relatively
small amounts of oxalic acid, the precipitations over the
range O.6-1.% equivalents of oxalic acid were difficult to
¥oproduce, particularly in the presence of large 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

T

acid. In some cases, seeding and vigorous stirring of the
solutions did not apprecicbly increase the rate of crystall-

ization of the oxalates and it was necessary to allow solutions

to stand for several days before precipitation was completced.
he solution corresponding to point X (Fig.7) was perfectly
clear five hours after removal from the hot plate,
tinuous stirring. On the other hand, with solutions lying t
the right of the dotted line AB (Fig. 7), no appreciable

o}

supersaturation is evident after the solutions have been stir-

red for two hours while cooling, and this is consequently the
range in which it is most desirable to work.

Fige 7 also shows the results obtained by precip-
itaeting uranous oxalate from reduced synthetic torbernite
solutions. It is obvious that these results are of little

-value when applied to fully contaminated leach liguors.

(dA) Concentration of uraniums

Fige. 8 indicates the variation in yield as the
uranium concentration is variced over the range O.75-3.0 per
cent U308. Most precipitations were done in solutions con-
taining 1.5 per cent U308, since this is the order of con-
centration obtained in actual leach liguors from Q.25 per .
cent ore using the cyclic method described on P. 16 et seq.
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(e) Composition of precipitate;

Analysis of the oxalate precipitates, dried at
110°C., shows them to contain up to 413.5 per cent P205 and
2.4 per cent 803, the amounts of these impurities varying
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with the circumstances of precipitation. Thorough washing
of the precipitates with water does not remove appreciable
qguantities of these contaminants. The sulphate impurity is
unimportant, but the amount of phosphoric acid combined in

& precipitate affects the concentration of phosphoric acld
left in the filtrate, and this in turn affects the maximum
concentration obtainable in a cyclic leaching process. It
thus beceame necessary to analyse a variety of precipitates
in order to determine the magnitude of this effect, and the
results are shown in Fige 9. - '
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From these results, and those of Pig. 7, it is
possible to calculate that the maximim phosphoric acid con-
tamination in the cyelic leaching of -1 inch ore, when
precipitating with 1.5 equivalents of oxalic acid, will
correspond to 1.1 equivalents of phosphoric acid (1n leach
liguors containing 1.5 per cent Uz08). If the precipit-
ation be done with 1.75 equivalenfs of oxalic acid, the
precipitate contains less phosphate impurity, more phos-
phoric acid remains in the filtrate, and the calculated
maximum concentration is increased 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 oxelic acid.

1e 75 equivalents of phosphorlc acid is therefore

taken as the optimum for solutions containing 1.5 per cent
U308 With more concentrated solutions, the phosphate.
content of the precipitates is even smaller for the same
number of equivalents of oxalic acid, yields are higher,
and it is possible to get 90 per cent yields with consid-
erably less oxalic acid, if desired. With weaker solutions

< 4 per cent U3z0g), the reverse is true and the whole pro-
cess is less satlsfactory and morc expensive.

I R
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Le THE RECCVERY OF RADTIUM.

Throughout this investigation the possibility of
radium recovery from Mount Painter torbernite and autunite
ore has been subordinated 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 af'ter leaching has been completed and collect-
ing the fineg which settle out from the wash liquors. The
amount of washing required to recover a reasonagble proportion
of theg 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.cbtained, when combined with those which settled out
from the leach liguors, were regarded as 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 finc material (~14 # ) originally present.

For each per cent of Uz08 contained in unweathered
torbernite ore, 2.35 milllgrams of radium element are present
per ton of ore. This is somewhat less than the equilibrium
value and the amount actually recoverable would bhe consider-
ebly less. The methods for recovery of the radium, from
the fines or sludge, in a relatively concentrated form pres-
ent no serious difficulties and, if desired, the preliminary
stages could be done in conjunction with the uranium recovery
Processe. '

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 and sludge may be carbon-
atea 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 precipitate.
the enriched insoluble 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 manipulations.

8., DISCUSSION OF METHODS.

Of the 1eqch1ng methods described in this paper,
the cyclic process is preferred because it achieves a 65-~70
rer 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 liguor
at thc end of every cycle. Although this difficulty may
be overcome by adopting a non-cyclic process, the consump~
tion of ecid and water is much greater and it is not possible
to recover all the uranium from the final lcach liguors 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 guantities of acid and con-
taminates the liquor with ferrous sulphate to such an extent
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that it cannot be satisfactorily recycled. Metallle zinc
i1s even lcss satlsfactory i1if oxalic acid be used as the pre-
cipitant, since large quantities of zine oxalate are found
in the uranous oxalete precipitate,.

By conventional ore-dressing methods, it is poss-
ible to prepare concentrates from the 10W~grude ore which:
contain up to 85 per cent of the total uranium in the orig-
inal material. Such enriched fines may be leached with
much smaller volumes of acid, but the overall recovery of
uranium is only slightly better than that achieved with -1
inch ore &nd, unless the leach liguor is removed by centrifug-
ing, so much water is required to recover it that the origin-
al saving of water is almost entirely offset. The extra
equipment required for this method does ,not therefore appear
to be Jjustifiable, unless the soving of woter is the para-
mount consideration.

Of the methods of precipitation described at an
earlier stoge, only those using hydrofluoric or oxalic acid
are regorded os satisfactory. ~ In the phosphoric acid pre-
cipiteation, the yield is not sufficiently high to justify
the particularly careful control which is required, while
the precipitate formed by adding sodium fluoride to reduced
sobutions is too heavily conteminated with eryolite
(Na5AlF6) to be of much value. - By comporison, the oxalete
precipitate from liquors of moximum contamination contains
50-52 per cent U308 compared with 56 per cent for the pre-
cipitate from synthetic torbernite solutions. ~ Uranous
fluoride precipitated under the most unfavourable conditions
still contains 70 per cent U308 :

It is difficult to choose between the fluoride and
oxealete precipltﬂtes. Much lower yields ore obtoined with
uhe former (leaoding to incrensed washing losses in a cyclic
process), and it tends to become gelrtinous in the presence
of contominating selts, olthough it settles rapidly and
wonshes well by decontation when precipitated from synthetic
‘torbernite solutions. . The cmount of hydrofluoric acid re-
guired for this method is 2lso more expensive thon the re-
gquired amount of oxalic acid. However, if it be desired to
prepere metallic urcnium, or uranium hexafluoride, from the
compoundg produced in the cyclic process, the fluoride
appears to be the more suitable compound despite the dised-
vontages which have been mentioned, bhut up to the present
it has not been possible to obtain informeation on this
score, If the chemical noture of the compound produced by
the cyclic procegs 1s of little significance, the oxalic
acid method is preferred, since it produces a high yield
of a precipitate which is easy to wash and filter. This
conclusion takes account of the fact that it is necessary
to heat solutions in the oxalic acid method, since this
disadvontage is belanced by that arising from the need for
special epparatus and prQCGutlons in o mcthod using hydro-
fluoric acid.

9.  CONCLUSIONS.

The low grade uranium ore from Mount Painter,
Noe.6 workings, can be successfully treated by & cyeclic,
acid-leaching process.

The procedure developed is suited to mine con-
ditions since no elebhorate chemicnl equipment is involved
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cnd the water requirements of the process are relatively
small. The only specinl items of equipment necessory are
gelectrolytic cells and a source of direct-current voltage,
and these could be installed and maintained at the mine with
little difficulty.

After being crushed to -1 inch sige the ore can be
leached directly without any previous up~-grading and an over—
21l yield of 65-70 per cent of the uranium content is readily
obtained., Acid consumption is kept at a minimum by recycl-
ing the lesch liquors after uranium has been removeds

The uranium is finally recovered either as the
tetrafluoride or as the oxalate thereby representing & con-
centration of the uranium of bectween 200 and 300 : 1 from
the low grade ore.

Concurrent recovery of radium is possible though in
somewhat reduced yields.,
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METHOD OF ASSAY ADOPTED FOR THE ESTIMATION OF URANTIUM

IN MOUNT PAINTER ORE

by

T, W, DALWOOD

Analyst and Assayer Department of Mines
South Australian School of Mines and Industries
v Adelaide, -

—— Y S O gy S G Gl o St S G0

B As INTRODUCT ION.

The uranium minerals commonly encountered in this
arca consist almost entirely of copper-uranium phosrhates
(torbernite snd mete~torbernite) and calcium-uranium phos-
phate (autunite). Investligation showed that the ore con-
tained, at most, only small traces of non-acid soluble uran—-
ium of no economic interest and the absence of an interfer-
ing amount of vanadium.

Lssaying presented no particuler problem, except
that it woas found necesgary to purify the uranium phosphsate
which is generally =accepted as the final product in the
usual methods of assaye. ‘Small errors due to impurities in
the final precipitate which would have little significance
in ore of reasonable uranium content, became serious when
dealing with the extremely low-grade material for which the
modification was adopted. :

2,  FPROCEDURE.

Boil from 0.5 gram to 5 grims of finely ground
ore (according to the amount of uranium present) with 10 ml.
of HNC3 in a 150 ml. sqguat beaker. Evaporate to dryness
but do not bake. Boil the residue with 5 ml. of HCl and
40 ml. of water, Filter into a 250 ml. becker and wash
with hot water to a2 bulk of approximately 100 ml. Warm
the filtrate and pass HsS until all the iron is reduced.
Agein werm and pass a steady stream of HpS for not less than
five minutes. FPilter into o 300 ml. beaker a2nd wash with
Hp8 water containing o 1little HCI. Boil off the HpoS from
" the filtrate. Oxidize the iron by adding o little KCl03
end boiling for some minutes. Pour the solution into 50 ml.
of hot 10% NapCO3 solution contained in a 4OC ml. beaker end
boil for about ten minutes. Remove from the hent and =add
5 grems of NH)CI. Stir and set aside without further heat-
ing for several hours (prefersbly overnight). Filter into
a2 600 ml. beeker end wash once with 2% (NHy)2 CO3 solution.
Retain the filtrate. Trensfer the filter paeper and pre-
cipitate back into the LOO ml. beaker and dissolve the pre-
cipitate by heating with 50 ml. of 10% HCL. Pour the
solution and pulp into 50 ml. of hot 10% Na2C03 solution,
- boil for ten minutes ond add 5 grams of NH)Cl as before.
Allow to stand without heating for not less than one hour.
Filter into the filtrate from the first precipitation and
wash five or six times with 2% (NHY)2 CO3 solution.  Boil
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the filtrate for some minutes to decompose most of the

(NHY) 2 COg Slightly acidify the solution with HNO3 end
boil off the COg, Add microcosmic salt equal to not less
than ten times the weight .of uranium prcscnt. Add HNO3
drop by drop until the precipitate formed is Just dissolved.
Now add 410 grams of NapSpO3 and 25 ml. of acetic acid. :
Boil for five minutes and add 10 ml. of 25% ammonium sacetate
solution. - Continue the boiling for ten minutes and then
allow to stand until the precipitate has settled. - Filter
and wash thoroughly with hot water. Ignite wet in a pprce-
lain crucible, cautiously at first and finally over the full
heat of a bunsen flame, Cool and moisten the residue with
HNOC3Ze" Carefully evaporate to dryness and then ignite over
a bunsen f£lame.

It has been found that the uranium phosphate at this
stage is invearisgbly impure, being contaminated with small
amounts of alumina, iron, etc.. The following procedure for
purification has proved satisfactory:-

Dissclve 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
containing 2 grams of pure NapCOz using as little water as
possible. Boll for a few minutes and add 410 ml. of 20%
NHLC1l solution. Disregard any pr601p1tate. Pass HpS
through the solution for about five minutes and allow to
stand without heating for at least one hour. Add a few ml.
of strong (NHY)p CO3 and then filter and wash with HzS water
containing 2% (NHY)2 COz. Acidify the filtrate with HC1 -
and boll off CO2 and HoS. Add about 1 ml. of HN03 and boil
well to oxidime. Add 2 ml. of microcosmic salt solution
" (41 grams per litre), 2 drops of methyl red indicator, then
NH&OH drop by drop to neutral point and 2 drops in excess.
Add a little filter pulp and boil for two minutes.  Allow
to stand warm for about one hour. Add 1 drop of NH4OH and
filter and wash with 2% NH;yNO3 solution made just ammonlacal.
Ignite wet in a weighed porcelain crucible cautiously at
first and finally over the full heat of & bunsen flame.
Cool;, add a little HNO3 and evaporate to dryness.  Ignite,
cool in a desiccator and weigh as (UO2)2 P207. ' Weight of
(U02)2 P207 multiplied by 0.7863 equals welght of U308
found.
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PART VI -~ MISCELLANEOUS REPORTS.

PRELIMINARY REPORT ON SPECTROGRAPHIC ANALYSES OF URANIFEROUS ORES.
by
PROFESSOR KERR GRANT and K. B, MATHER,
Physics Department, Universility of Adelaide.

This report summarises work carried out in the Physica Department of
the University of Adelaide, in connection with the spectrographic
estimation of uranium in 1ts ores.

The uranium spectrum is notoriously rich in lines, but few per-
sist from ores containing less than 0. 5% uranium.

Precliminary analyscs using chemically analysed ores from Mount
Painter and clscwhcre (‘Jp lied by Mr, Dalwood, Analyst & Assayer,
South Australian School of Mines) indicated that the electric D.C.
arc between grephite electrodes would permit detection of about Q. 1%
of uranium, However, the presence of a fully developed iron spec-
trum added considerables dlfflculty, with the spectragraeph used,
Masking of important uranium linecs by iron lines freguently occurred.

Estimatcs of the most intense arc lines recorded between 5,000
and 2,500 A.U. contradicted the publishcd “"Railces Ultimes" of Pollok
and Loonard (who used spark methods).

It was therefore decided, at this stege, to undertake o complecte
examination of the uranium spectrum in respect to true line intensi-
ties, line sensitivities to concentration, and interferences of
uranium lines with lines of elements present in typ lcal ores, This
work aims at determining the essentisl data required for any
spectrographic analyses of urenium, It is not yet complete.

. A complemcntary aspect has bgen the development of a suitable
instrumental technique for such analyscs, In summary it may be
said that:-

(1) of the spcctrograph itself, only largc instrumcnts arc
suiteble. A dispcrsion of 5 A, U, /mn, can sufficc,

(ii) the uranium orc spectrum 1s considombly enhancecd in the
vicinity of the cathode of the D.C, arc. The so-cglled
"cathode layer" method is therefore to be advocated.

(iii) the most useful spectral range is 4500 ~ 3000 A, U.

Little work hses been done on actual enalyses bcyond the pre—
liminary experiments, However, the difficulty of 'sgmpling' has
arisen, It is 1ikely to contribute the major error. (The 'cathod:
layecr'! method is uost sensitive when some 10 mgm gamplec is employcu,

Eye estimates of the regproducibility of spcutra 850 far recordod,
considered 1n conJunction with publishcd estimates of accuracy in

similar problcms suggest an accuracy ccrtoinly botter than 20% of the.

valuc at o concentration of 0, 1% uranium,

NOTES ON THE PHOTOGRAEHIC ACTION OF RADIO-ACTIVE MATERTALS.
by _
PROFESSOR KERR GRANT end K, B, MATHER,
Physies Doeportment, University of Adclaide.

Some preliminary work hcrc has suggestcd thot use might be made
of the foggling of photographic plates by gamma-rays.

Heavy, double emulsion, X-ray films have been used to give
maximum absorption, and semples of Mt, Painter ores placed in
contact with the film, The orcs must be finely ground, .

Exposures of 2 wecks recorded photographic fogging by samplesa
reported as "below 0, 1%" by chemicael assay. The exposed portion of
the film, on development, reveals localiscd points of activation,
together with a general background fog for the higher conccntrations.
The most promising quantitative method would appcar to consist of
count ing the nunber of polnts of activity in a definite field,samplcs

‘to bec compared being ground to similar consistency.

The method, 1if developed, would suffer from ths disadvantages
sttendant upon use of the gasmma-emission as a measure of uranium
content, (as in Geiger counters, etc.) However, virtually no
apparatus 1Is required.

Dated 30/10/45.



TII. TOPOFRAPHIC MAP OF MT.. PAINTER AREA; SOUTH AUSTRALIA.

REPORT ON COMPILATION METHODS USED

BY
Ai C. BOOTH |
DEPARTMENT OF-THE INTERIGR.

1. INTRODUCTION:

A survey map of -the Mount Painter area on a scale of 20
chains to an inch with contour form lines at intervals of abdut 250
feet was compiled in the Commounwéalth Department of the Interior,
Canberra, It is presented in four (L) sheets (plans Nos. 3288, 3289, .
3290, 3291, sheets U5A, L5B, U5C, UL5D) and covers an area of about 154 -
sguare miles (11 miles by 1L miles)l It was prepared from aerial photo-
araphs taken by the R.A.A.F. and from a skeleton ground control survey
made by Mr, A.A.H, Davison of the Department of Lands, Adelaide.

The COmpilation of the map was an extremely tedious
Operatlon on account of the inadegquate number (25) of ground control
stations and thelr somewhat awkward distribution for nearly 500 small
phot ographs (5 ihches squatre). 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 intervals. .

The following procedure was designed essentially to cope
with these difficulties.

" 2. PROCEDURE:

The plotting of principal point traverses and their
transfer at common scale to the master compilation board was quite
orthoddx, During the subsequent process of adjustment, where ground
control stations were missing it was necessary to ure join points derived
from adjacent runs in the vicinity of control stat;ons.

The determination of useful form lines was a more
doubtful undertaeking than the integration of photographs from the point
of view of the work involved and the prospects of success, The basis
of the procedure that was followed was to assume that the asircraft would
be comparatively stable for a short time in the direction of its line
of flight although it would certainly have varying lateral tilts. Paralla:
measurements were therefore decided on along the flight line at points
close to each prineipal point. ~The levels thus determined were to be
zdjusted between control points at each end of a short section of the
run, However the runs were not all broken up into sections by inter-
mediate trigs, and cross traverses of parallax measurements were necessary
bhetween trigs., (e.g. Mt. Pitt to N,L.P.,) to provide such paints, These
cross traverses took in points on the lateral overlaps of adjacent runs
and an arbitrary adjustment for misclose between the levels of the trigs.
had to be adopted at this stage.

Weak as this arrangement was it was considered better
than adoptlng an arbitrary adjustment along the flight line over an
excessive number of photographs. :
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A section containing up to ten pictures'appeared to
be the maximum acceptable,

The selection of parallax points on the photographs
was made on the basis that two high and two low points per overlap should
suffice for form lining at intervals of 250 feet, These points might or
might not include the centre line points which provided the levelling
traverse along the flight line.. In general one or two of the side points
were common with the adjacent overlap in the same run or in the adjoining
run thus providing lock points for the subseguent general levelling
adjustments. All selected levelling points were then shown with their
identification numbers on paper tracings of the master compilation sheet
which also showed the principal point traverses, Trig. stations were
shown with their elevatlons and also the rough courses of the main streams,

The sequence_of level adjustment was as follows:-

The gradient at Arkaroola Creek was obtained by doctor-
mining its level at points near trigs. H, F, D, A, & C, by reference to
the elevations of those trigs. In this way it was found that the elevatio
of point A by survey appeared to be about LOO feet, too high and it was
therefore abandoned. A gradient was adopted of about 4O ft, to the mile
“or Arkaroola Creek and thls sérved as a guide later to estimating the
sradient of other creeks.

As the parallax measurements were completed the cross
wroaverges were run out and adjusted. :

T T Then the sections of the centre line traverses between .
cross traverses or between trigs. were also run out and adjusted. These
adjusted values in the viecinity of each principal point served as a datum
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 magter compilation. :

Points appearing on more than one overlap showed a value
derived from 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 con31stent with

the v131b1e 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
margin, Where both margins required depressing or raising 1t suggested —
that the centre line traverse was too high or too low and an ad justment
of this nature was investigated.

At this stage the values.of points slong the main creeks
vl monipared with the estimated gradlents 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 for all levelling points
wasg finally transferred to the photographs and the "controlled" form lings
interpolated under the steroscope.

3+ CONCLUSTION:

It is considered that the form lines have a good chance
anywhere of being correet within the value of the contour interval, The
value of the interval has been maintained fairly 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 from the true datum.
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. In the final stage of plotting the detail from the
ahotographs some slight local adjustments were made to eliminate dig-
cisgremaining :l.n the compilation of theé principal poiot traverses. -
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