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Commodity Review
Z. KALIX, J. WARD,'w. G. B. PHILLIPS, A. J. GOURLAY, R. PRATT, 

R. Z. de FERRANTI

FUEL

Coal. Preliminary figures lor the September quarter indicate that exports of 
coal were maintained at a high level despite an industrial dispute which made load­
ing facilities at Newcastle, Sydney, and Port Kembla idle for three weeks between 
mid-August and early September. The reduction in exports from New South 
Wales during September was offset by substantially increased shipments from 
Queensland where exports for the nine months to the end of September exceeded 
total exports in 1969. As a result of the shipping strike in New South Wales 
there has been an unusually large build up in stocks held by mines producing 
for the export market. The Joint Coal Board reported that by 5 September, 
colliery stocks in New South Wales amounted to 2,374,900 tons as compared 
with 2,075,100 tons on 8 August and 987,700 tons a year earlier. In the light of 
recent press reports that there would be a cu» in Japanese steel production, there 
was some concern that reduction of New South Wales coal production could 
become necessary if Japanese importers decide to reduce coal purchases.
Statistics released by the Joint Coal Board and the Queensland Coal Board show 
that production in the 36 weeks ended 5 September was well ahead of production 
in each State during the same period of 1969. Queensland production was 18.1 
percent higher and New South Wales production 7.2 percent higher, while 
domestic consumption had increased only 5.4 percent in Queensland and 1.5 
percent in New South Wales.
The New South Wales Government announced on 5 November that agreement 
had been reached with Clutha Development Pty Ltd over a project involving a 
40-mile railway, conveyors, and an offshore coal loader on the southern coalfields 
of New South Wales. Legislation for the agreement was to be introduced into 
State Parliament in mid-November so that work on the project could proceed. 
Feasibility studies are expected to be completed within a year and the facilities 
could be in operation in about three years’ time. The proposed railway will link 
mines owned by Clutha Development in the Burragorang Valley with a conveyor 
commencing on the escarpment above Coalcliff, leading to stockpiles and an 
offshore loading berth. The standard gauge railway will be built and operated 
as a private enterprise from which the Government expects to receive at least 
$100 million in franchise over 20 years. Clutha Development has based its 
feasibility study on a minimum export of 7 million tons per annum, but is 
optimistic about the possibility of greater exports as well as using the loading 
facilities for exports by other companies.

Currently, coal from the Burragorang Valley is loaded at Balmain, in Sydney, and 
coal from Clutha’s South Clifton colliery (near Coalcliff) is exported through 
Port Kembla. Coal loading facilities at both ports have recently been operating 
close to capacity and more facilities are urgently needed if expansion of exports
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from the southern and western coalfields i.s to proceed. Clutha Development has 
proposed a similar railway and port project on the northern coalfields where new 
coal loading facilities are also needed. However, the State Government has stated 
that it is unlikely to grant an exclusive franchise to any single company in that 
area. On 17 September, the Premier of New South Wale.s announced that existing 
lacilitie,s at Newcastle and Port Kcnibla would be improved, while new facilities 
for Newcastle and Wollongong are being considered.

Range and an alumina refinery and port facilities at Bunbury. Under the agree-

On 22 September, Utah Development Company announced that its coal mining 
operations in central Queensland would be expanded beyond the levels pre­
viously planned. I he tnincs involvetl are nt Blackwater, where an increase of 1 
millton ton.s will bring rated annual capacity to 4 million tons of washed coal by 
late 1972 and the Peak Downs Mine now under construction and scheduled to 
commence coal shipments in mid-1972, where rated capacity will be increased 
by an additional L.3 million ton.s to .5 million tons of washed coal .tiinually by 

together with the 4 million tons per annum Goon- 
yella Mine (also under construction) will raise the combined output of the three 
mines to approximately 1.3 million tons of washed coal annually by mid-1973 
Both expansions await finalization of railway agreements with the Government of 
Queensland and in connection with the Blackwater Mine an agreement with the 
ClkiikrnnA H-irUir -.1 r.... «u., i-... h “b'uuiugui wiui uie

ment, the companies have two years to present their final proposal to the Govern­
ment and a further three years to commence alumina production at a minimum 
rate of 200,000 tons annually. The actual production rale i,s thought more likely 
to be of the order of 500-600,000 tons per year initially, with expansion to 1 
million tons, and possibly further to 2 million ton.s yearly.

Copper. Preliminary statistics show that mine production of copper during the 
first six months of 1970 was 68,661 tons, compared with 61,650 tons during the 
corresponding period of 1969, and 67,614 tons in the half year ended 31 Decem­
ber 1969. The output of 136,27.5 tons in the fiscal year 1969/70 is the highest 
recorded for any year to date, and the figures also indicate that production for
calendar year 1970 will be of the same order. It may reasonably be e.spected.

Gladstone Harbour Board for the Installation of necessary port facilities,
R. z, de F,

METALS

M8 988“tnns the first nine months of 1970 wa.s
„1; ,m Prefinimary statistics, indicating that output for thenine months of 1970
year will be at a record level of around 200,000

however, that domestic supplies in the second half of 1970 will be augmented 
by new production from projects initiated towards mid-year, such as that at Mount 
Gunson, S,A,, Mount Oxide and Gunpowder Creek, Old, as well as by steadily 
increasing output from Mount Isa, Mount Lyell, and Tennant Creek.

Following their relatively high level of 16,691 tons in the January-March quarter, 
exports of refined copper fell sharply in the second quarter of the year, and for 
the period January-June 1970 totalled 20.880 tons, valued at $30.97 million. 
Preliminary data for the September quarter show that exports of refined metal 
continued to decline. On the other hand, production of primary refined metal 
remained at a fairly constant level throughout the first six months and an appre-

tons. ciable increase was indicated in the third quarter. A relatively high apparent

reaches full capacity production of 50,000
consumption for the period is therefore indicated, which is consistent with
inevitable building up of stocks with falling prices in recent months. Production

per annum by mid-1971, vxpaniicii lo 74,000 tons of refined copper from purchased scrap for the period January-June was 8,122

Alumina production continued at a high level ii
tons. A downward trend evident in the months April to June was reversed in

. „ ----- m the first half of 1970
marginally ahead of 1969production would be marginally ahead of 1969 was indicated hv I 

statistics for the September quarter, and is attributed t h ? Production
expanded capacity at Kwinana and a steadily risine o, m 1
With the completion of a further 210,000 metric ton unit I e Lu’i'

the July-September period, no doubt a reflection of the abovementioned con-
ditions. A possible apparent consumption for the year 1970 of the order of

quarter, and is 120,000 tons is suggested by the above preliminary data on production and
exports, which is a record for any year to date. The situation merely reflects

of Alcoa of Australia (W,A,) N.L, metric ton unit, the Kwina
annum during the third quarter of K'aid“is“seS3 Io '
caoacitv of I 7snnnn i...,. ,.i... ■'-hluuilu lo

ana refinery

capacity of 1,250,000 tons of alumina
tons per 

reach a production
land Alumina Limited is currently expanding XoductLi'c'
1,275,000 tons annually by early 19?1 and t' 2‘SX Zs 97’*”"' 

In November, Nabalco Pty Ltd announced tha' ’

ycar. Queens-
to

... ..„vci.mei, isiaoaico I'tv I.td announced that the tareei ,i,,„ 1 .u 
tons per year alumina production had been brought fort r ' ■'’«*’■000
of mid-1974 as formerly planned. The date of «m m¡"««ad 
Its initial capacity of 500,000 tons annually by mid iw"" i'’® ‘’’’‘’"«ry at 
Mining of bauxite ha,s already commenced in prcpar'itioi for ih"'”'"’* “"«'"'•ed. 
of exports in July 1971 at an annual rate of 2,()0(),00() tons ‘^‘’'"'«encement 
The Queensland Minister for Mines announced on 30 Senmn.i . ,
Group of France had been granted an option to acquire 1 '’cchincy
bauxite/alumina project headed by Tipperary I.anJ and ptslt ‘he
Pty Ltd (U,S.A,) and Holland Aluminium N V Imlir 1 ' '‘Corporation 
outlined to date within the consortium’s leases’sou th o f vv ' ’
in exces.s of 300 million tons. The consortium is studs in,, ih'^’? "n .^Ported to be 
mining and the construction and operation of an ali'imin ' "
million tons annual capacity, with necessary infrastructure 
An agreement wa.s signed in Perth on 18 November between il... c.
ann tnp n.nrfnprchm ii:ii r>.. " ‘‘IL .Mate Government

I 'd and Alwcst Pt

of bauxite

of bauxite
about one

and the partnership. Broken Hill Propietary Co 
subsidiary of News Ltd) for the establishment of'

file State
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'■‘■‘•ntng in the Darling

the extent to which consumers were forced to deplete slocks during the period of 
abnormally high prices which had prevailed without any appreciable relief from 
the beginning of 1969 until September 1 970.

The Australian producers’ price for wire bar was 52 cents per pound ($1.164.80
per ton) throughout September to 9 October, It fell relatively rapidly to 46
cents ($1,030.4) on 31 October, its lowest since 3 December 1968, and remained 
at that level at 30 November, The London Metal Exchange daily cash price 
remained relatively stable during September, and with minor fluctuations continued 
in the range £51O-£530 through the month, to fall below £500 on 6 October
again for the first time since December 1968, The overall downward trend
continued to the end of October and the price continued at somewhat above £450
to mid-November and was at £4461 per ton on 19 November. A contango of
the order of £10-£13 per ton prevailed throughout the period, and reflected a 
continuation of the situation of high stocks levels and weakening in demand for 
prompt metal referred to previously. In the United States, the producers’ price 
for domestically produced wire bar was reduced from the range 60-60J cents to 
56-60% cents from 22 October, The Phelps Dodge company announced a 4 cent 
reduction to 56 cents, which was followed by Anaconda on 2.3 October. This 
was the first producer price-cut since January 1961, apart from the rescinding of 
temporary increases in November 196.5 induced by Government stockpile releases.

Substantial increases in copper reserves were announced in November by Mount 
Isa Mines Ltd, Primary copper ore reserves are now stated at 120 million tons 
with an average grade of 3% copper, an increase of 45 million tons on previously 
announced reserves.
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Production of copper orc is scheduled to begin at Kanmantoo, S.A., in the second 
half of 1971 according to an announcement by the chairman of Broken Hill
South Ltd, which has a 5! percent interest in Kanniantoo Mines Ltd. Ore reserves
are stated to be sufficient to support an operation with a throughput of 750,000 
tons per year for eight years, that is about 6.000,()()() tons. The grade of the orc 
is 1% copper and recovery is expected to be about 7.000 tons of copper from 
concentrates annually.

Installed treatment capacity al the CS.A Mine, Cobar. would be increased by 
50 percent to 90.000 tons per month by 1972. according to an announcement by

In November it was stated that capacity to produce iron ore fines and iron ore 
pellets of the project under development by the Robe River Consortium was 
planned to be 20 million tons per year by 1974.

R. P.

the company chairman in November. .Mining operations at the CS.A Mine would
be increased to provide the additional throughput required until the Chesney Mine 
was brought into production in 1974. ' ' ' ' . ■ . .Initial production from the latter mine
would be at the rate of 235,000 tons of ore annually', ore reseries at the Chesney 
Mine have been estimated iis 4 million tons of 2'1 copper. " 'Exploratory drilling
in the CSA Mine area had also indicated appreciable ariditional mineralization.
Pacific Coppei Exploration.s has upgraded copper reserves on its lettses near Cadia, 
N.S.W. The company announced in late October that an .iddiiion.il S millinnThe company announced in late October that an additional .5 million
tons of ore with an average content of ().53fo copper had been outlined by
diamond drilling. Previously estimated
with an average content of 0.8Çr

reserves were reported as I 5 million tons.
copper. Directors stated that the full com-. , * * ---- -VU.VWVI null lliv lull VWIII-

mercial sign’hcancc ot the prospect could not be assesseil until further drilling

Lead and Zinc. The International Lead and Zinc Study Group concluded its 
14th Session in Genev.a on Friday, 20 November 1970. The total membership 
of the Study Group is 30 countries and includes nearly all the major producers 
and consumers of lead and zinc.
The supply and demand situation for lead and zinc was reviewed, and it was 
found that after the exceptional expansion of consumption, which was a feature 
of the market for lead and zinc in 1968 and 1969, there had been a pause in the 
growth of consumption in both metals in 1970, particularly in the United States 
and other countries where measures had been taken to curb inflation.
Lead consumption in 1970 was expected to amount to about 3.2 million tons, 
one half of one percent more than in 1969 following the exceptionally high 
increase of 8 percent in 1969.
Zinc consumption, which traditionally has risen faster than lead, had fallen back 
in 1970 and was now expected lo amount to almost 4 million tons, 4 percent less 
than the record level reached in 1969 when it was 8i percent above 1968.

and other studies had been carried out.
Because ofThe supply of both metals was expected to exceed demand in 1970. 

the lower demand resulting from the general economic situation metal production 
in some countries had been reduced from the levels forecast at the last meeting of

Iron and Sled. Reflecting the continuing expansion of operations by iron orc 
producers in the Pilbara, W.A., exports of iron ore and iron

Nevertheless, latest available reports showed pro-the Study Group a year ago 
ducers’ stocks of both metals at the end of August 1970 at high levels.

to an annual rate of 38 million tons during Jule to .September. QmnntL r I .r-., I 1   4., O 1 *
ore pellets increased

9-month period January to September 1970 Export.s for the
were recorded at 2S..Ì million tonsvalued at $230 million.

Steel ingot production by The Broken Hill Proprietarv Co. Ltd during Jw,rv to
September 1970 a 4.9 million Ions, was slightly below the '

Lead prices, which had risen to their highest level for many years by the end of 
1969, had declined somewhat since the beginning of 1970. However, zinc prices 
had been more stable and there had been little change during the last 18 months.
Most member countries expected lead and zinc consumption to resume more

tons in the same period of 1969. output of 5.1 million

The feasibility of establishing a steel plant at Port 1 atta T urn ini-, 1 use of iron orc from Savage River is being investici lÀ Z 
npUAlnnmonf TIxa i.-.. «I...,. ;_ .Development Corp. The investigation ii expected to take 1 months
capable of producing 200.00()-30t),0l)l) ions of hiah quality ü..... ■ •
mainly for export is envisaged.

er Research and

A ingot steel
A plant 

per year

normal growth rates in 1971. Mine and metal production was also forecast to 
expand. However, it was noted that some producers had earlier announced a cur­
tailment of production. The statistical estimates suggest that in the absence of 
continued restraint stocks might rise further.
The Study Group took note of the urgency of the problems confronting Govern­
ments and the lead industry as a result of action under consideration in the number
of countries for restricting the use of lead in gasoline. It was decided to set up

Sentinel Mining Inc. and Goldsworthy Mining I td h iv 
agreement over the purchase hy Goldsworthy of Sentinel's' iron or., m . ■ ,
Nimingarra area, W.A. icstnes in the

reportedly reached

the mouth of the Ashburton River. W.A., litanilcrous iron sand deposits al
. StntPtJ fh )f ... r , .... ‘

heavy mineral concentrates have been proved and Is miiii,,,, , 
mineral concentrate have been inferred over 20 miles of b' 
recent reports indicate that beach dcposit.s of lilanifcrous ir- '^^
mineral concentrate have been inferred

tons of
leavy
Other

investigation in Papua also, by Australian Oil and Ci'i7'corn"i”.'’i under
Tnvpstmpnts (Aiicf T fri, ' ’’v KathleenInvestments (Aust.) Ltd.
Marcona Corporation was investigating magnetic h 
S./ during the period unucr review.
to. ..veraging 23-30 percent iron.

Reserves rieposits at Warramboo 
"eri. stated to be 1.500 million

Kratos Uranium N.L. is investigating iron deposits loo 
near the junction of the Daly River Road and the So
considered to be between 15-21) million tons with a

•Z «f liarwin
uart Highway. Reserves wereeuiisiueicu lo uc ueiweeii 1 ,'-ai million tons with an iron - \ ---- "cie

percent. Northern Mining Corporation N.L. has -siihniiii^j

immediately a small group to establish the relevant facts of the situation and to 
report back to the Study Group as early as possible. The World Health Organiza­
tion will be invited to send a representative to participate in the work of the group. 
Among the matters discussed by the Study Group were consumption trends, dis­
posals of surplus government-held stocks, trade liberalization in lead and zinc, 
promotion of consumption, trends in production rates, and the growth of lead and 
zinc industries in developing countries. The Studv Group will continue to collate 
and examine information on tariff and non-tariff barriers affecting world trade 
in lead and zinc.
It was agreed to publish, in the course of 1971, a special issue of the Group’s 
monthly statistical bulletin to contain statistics covering the decade since the 
Study Group was established in 1960.
Reports were received from the Special Working Group, the Standing Committee, 
from the Statistical Committee, a Sub-Committee on New Mine and Smelter 
Projects and from a Sub-Committee on Consumption Trends.
The Study Group elected as its chairman for 1971 the leader of the Australian 
Delegation. The representatives of Spain and the U.S.S.R. were elected as ioint 

At the invitation of the Spanish Government it was agreed thatvice-chairman.•o .the W.A. Govern-ment a programme for the development of its iron 'a“',-, ■” * ..... s uipo.sii at Weld RaW.A. Reserves are stated to be 100 million tons aawr.iging 6() percent iron.
ange.

the 15th session of the Study Group would be held in Madrid.
W. G, B. P.
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during January to September 1970 wereManganese. Exports of manganese ore ------„ - , .
334,364 tons valued at $6,230,69.3 compared with 455,691 tons valued at 
$8,283,80-5 in the same period of 1969. Reduced shipments to Japan and Europe 
probably reflect the general world surplus of manganese orc as well as reduced 
demand from the steel industry following heavy purchases and a high level of

An equally important agreement was reached between the Queensland Govern­
ment and the Metals Exploration N.L.-Freeport of Australia Inc. partnership on
5 November. Negotiations between the Government and the two partners had

steel output during 1969.
Manganese ore produetion at Grootc Eyiandt. N.T.. by Groote Eyiandt Mining

previously been deadlocked over details of royalty payments and rail freights 
which would apply to the proposed Greenvale nickel project. The new agreement, 
which will be submitted to Cabinet for final approval, will yield a return to the

Co. Pty Ltd during January to September 1970 was 487.000 tons. An expansion
Queensland Government of approximately $45 million over twenty years. The

programme is under way at Grootc Eyiandt which, excluding other grades, will
Greenvale project involves mining and transporting to the coast approximately

raise production capacity for metallurgical grade lump ore to 800.000 tons per 
year by mid-1971. The current expansion programme will bring total expenditure 
at Groote Eyiandt since 1965 to around $40 million.
Longreach Manganese Pty Ltd was negotiating with Nippon Steel Corporation, 
Japan, during the period under review over the sale of ferruginous manganese ore 
from manganiferous deposits at Ripon Hills, W.A. The deposits at Ripon Hills 
have been reported to exceed 60 million tons averaging 17 percent manganese and 
25 percent iron.

2.5 million tons of low grade ore per annum. The partners plan to construct a

R. P.

Nickel. An important step in the growth of Australia's nickel industry was taken
when an agreement with the Western Australian Government regarding the erec­
tion of a nickel smelter by Western Mining Corporation Ltd was signed on 4
November 1970. The smelter will be built near Kalgoorlic and production of
matte could commence about two years after the agreement has been ratified by
the Western Australian Parliament. Initial design output of the smelter will be
20,000 tons of nickel in matte per annum when treating 10 percent nickel con­
centrates, and by providing additional handling equipment and an oxygen plant

refinery based on an ammonia leaching process at Townsville, to produce nickel 
oxide sinter and mixed nickel-cobalt sulphide. A pilot plant in the United States 
has been completed and will be operated on 5 tons of ore per day until all process 
details have been confirmed.
In its quarterly report for the period ended 30 September 1970. Metals Explora­
tion announced further details of exploration at Mount Keith in Western Australia. 
Allowing for 250 feet of oxidised overburden and assuming the mineralizeit zone 
extends 1,000 feet probable reserves amount to 120 million tons oi open-cut 
material averaging 0.55 to 0.60 percent nickel. Studies are continuing to investi­
gate nickel recovery, mining and treatment costs, capital requirements and overall 
feasibility !«jr the establishment of a large open pit operation,
Qn 15 October, the International Nickel Co. of Canada Ltd announced a 4 percent 
increase in its nickel price in all markets outside Canada, to compensate for the 
effect of changes in the exchange rate of the Canadian dollar. As a result, the 
United States price increased from $1.28 per pound to $1.33 per pound f o b. 
Port Colburne (Canada) and in the United Kingdom the price increased from

In Australia, the
capacity could be increased to approximately 40.000 tons of nickel per annum.
The smelter will use the flash smelting process developed and used by the Finnish 
company, Outokumpu Oy, whereby the concentrate is made to roast and smelt 
itself in a single autogenous operation. At the Outokumpu operations in Finland, 
nickel concentrates and quartz sand are mixed with preheated air and blown into 
the smelter where ignition takes place instantaneously and the exothermic reaction

£1,200/10/- per metric ton to £1,246/10/- per metric ton, 
price of nickel sold by Western Mining Corporation is now $1.20 per pound, 
f,o.b. Kwinana (equivalent to $usL33 per pound). During the period under 
review, free market prices continued the downward trend established since settle­
ment of the Canadian strikes in November 1969, The London Metal Bulletin
quotation fell from £1.55O-£l.750 per long ton on 4 August to £1.300-£l.400 
per long ton at 3 November.

of iron and sulphur in the concentrate with oxygen in the air provides substantially 
all the heat required for smelting. Matte from the smelter, containing about 35

R. z. de F.
Matte from the smelter, containing about 35

percent nickel is then charged to a converter in which the grade is iircreased to 
about 63 percent nickel. I* ‘ ‘ ' . - .Elot exhaust gases from the flash smelter are used for

Tantalum and Columbium. Output of tantalite by Greenbushes Tin N.L. at

steam generation, preheating of combustion air for the smelter charge and finally
sulphur dioxide contained in the gases is employed in the manufacture' of
sulphuric acid.
The agreement also included an undertaking by Western Mining to contribute to

Greenbushes. W.A.. continues to increase and the companv reported that produc­
tion in the year to June 1970 was 21 tons of contained Ta..O-, in concentrates 
compared with 17 tons of contained Ta.jO-, in 33.67 tons of concentrates in the 
vear to June 1969.

thè cost of linking Kalgoorlie and Esperance by means of a standard
way. gauge rail­

In the 1969 year sales of tantalite-columbite concentrates amounted to 72.48 tons
In return, W.M.C. will be allowed special freight rates on orc. concentrates' 

matte, and certain other goods as well as the right, under certain circumstances to
construct a private standard gauge railway to serve areas north of Kalgoorlie.

containing about 36% Ta .O-,; of this total Greenbushes Tin N.L. sold 26 tons of 
tantalite concentrates averaging 51.8% Ta.,O-, and Vultan Minerals Ltd, also at 

■" " The

Under another section of the agreement, the Government will supply wtiter needed 
for the expansmn of activities centred on Kambalda. in return for further 
contributions by W.M.C. towards the cost of constructinc facilities capital

The agreement also provides for the retention by W.M.C. under ccrt;iin limit 
tions. of certain areas in which the company is prospecting, including the areas f 
laterite near Ora Banda. Kunnanulling and Broad Arrow. V' - ‘Western Minine has 
announced that initial drilling of the laterite areas has \ ieldcd a prcllm'in-' ■ 
estimate of a potential of about 120 million tons averaging approvimateh'^^ 
percent nickel of which a portion could be mined at somewhat higher imide I 
was stated by the company that the right to build a private railwav^north 
Kalgoorlie, the availability of water and the ability to produce bv-nro 1 ° 
sulphuric acid (from the smelter) may provide some of the conditions 
to bring this source of nickel into production. necessary

30

Greenbushes, sold 45 tons of concentrates averaging 10.5% Ta.jO-,. 
remainder was sold from the Pilbara. W.A., area.
Vultan Minerals Ltd stated in September that tin and tantalite ore reserves at its 
Greenbushes leases were estimated at 44 million tons. Production at Green­
bushes averages 2 pounds of tin-tantalite per ton of material treated and Vultan 
Minerals expects to recover values of 1 pound of tin-tantalite per ton after con­
struction of a new treatment plant is completed. This plant will be capable of 
treating 500,000 tons of ore per year.
In April 1970 Goldrim Mining Australia Ltd stated that work done on its Pilbara, 
W.A. tin-tantalite leases at Strelley, Wodgina, and Tabba Tabba was considered 
to warrant a sustained exploration programme and that this programme would 
commence in May. In October the company stated that a tantalite zone within

pegmatite, considered large by world standards, had been delineated at Strelley 
over a drilled length of 1,800 feet averaging 200 feet by 80 feet thick.
a
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1969 was aboutWorld production of columbium and tantalum concentrates in
15,200 tons compared with 8,900 tons in 1968. In 1969 output of columbium 
concentrates accounted for 96 percent of the production of columbium and tan­
talum concentrates. The principal producers during 1969 (with comparable 1968
figures) were: Brazil, 10,442 tons (5,250), principally pyrochlore concentrates; 
Canada, 2,768 tons (1,891) of pyrochlore concentrates (tantalite production not 
available); and Nigeria, 1,341 tons (1,265), principally columbite concentrates, 
mainly as a by-product of tin mining.
Non-Communist world consumption for tantalum metal or equivalent was about 
540 tons in 1969. of which the United States accounted for 75 percent. The 
steep growth of its use in the United States has largely resulted from an increasing 
use of tantalum in electrolytic capacitors used in the electronics industry.

Demand for columbium has doubled during the last decade and estimates of pro­
jected demand suggest that it may expand a further 60 percent by 1975.

R. p.

Tin. On the basis of preliminary statistics available for the first three quarters
of 1970 domestic mine production of tin will probably increase to about 8.600
tons for the year as compared with 8,100 tons in 1969. Domestic reserves of
tin, particularly those contained in hard-rock deposits, continue to be expanded 
and expansion plans announced by the major hard-rock producers indicate that 
Australian mine output of tin will be well in excess of 10.000 tons per annum
within a few years. In particular. Renison Ltd has completed a study to test
the feasibility of more than doubling the throughput of orc at its Renison-Bcll
operation. A more immediate increase in production will result from the com­
missioning of a 10.000 ton-per-month flotation plant designed to recover fine tin
from gravity-concentrator tailings. During 1969'70. the company’s pilot-scale
flotation plant achieved a recovery rate of almost 62 percent in the production of 
tin concentrates assaying about 22% Sn. In the same general locality, Cleveland 
Tin N.L, will increase output of tin-in-concentrates from its Luin.a plant bv about 
30 percent to some 2,000 tons per annum. /- •' - _ .As in the case of Renison. Cleveland
is installing flotation facilities for the recovery of fine tin. In New South Wales 
Ardlethan Tin N.L. is increasing capacity at its Ardlethan plant from 1000 
t.p.d. of ore to 1.500 t.p.d. to cope with increased mine production from the 
Ardlethan West deposit. Stripping of overburden has commenced from the 
deposit which will be developed as a joint project of Ardlethan Tin N I 
Storeys Creek Tin Mining Co. N.L. and

tember, the L.M.E. cash price for tin moved into the upper half of the current 
middle sector, i.e. above £1,500 per metric ton, and remained above this level 
throughout October and most of November, before easing to £1,480 in late 
November,

J. w.

Tungsten. In 1969 domestic production of wolfram concentrates increased by 
more than 50 percent over 1968, and overall output of 2,645 tons (65% WO3 
basis) of tungsten concentrates was the highest level ever recorded in Australia, 
Domestic mine production of tungsten was well maintained during the first half 
of 1970, and, although wolfram output has continued at a high level, scheelite 
production decreased significantly in the September quarter due principally to a 
shortfall of development ahead of ore in the No. 1 orebody of King Island 
Scheelite (1947) Ltd which resulted in inflexibility of selection of ore-grade. The 
ratio of stripping of overburden has been increased from 3:1 to 10:1 to overcome 
this difficulty. Nevertheless, it appears likely that losses in production up to 
date will be such as to reduce total domestic production of tungsten concentrates 
in 1970 to a level marginally below that of 1969.
In the longer term, significant increases in domestic production of both wolfram 
and scheelite may be expected. Overall resources of the Aberfoyle-Storeys Creek 
tin-wolfram operation are being concentrated at the Storeys Creek wolfram mine 
where daily ore production is being expanded from 275 tons to 400 tons to take 
advantage of the continuing high prices of tungsten ore. Expansion plans by 
King Island Scheelite (1947) Ltd include the erection of a new concentrator with 
supporting facilities and the development of No. 2 and No. 3 orebodies to increase 
ore throughput from 300.000 t.p.a. to 450.000 t.p.a. by 1973.

In addition to continued increase in mine production, the results of recent expan-
Sion in tin smelter capacitv are also becominn evident. Althouch domestic smelter
production of primary, refined tin will probablv be confined to about
in 1970 f4.156 tons in 1969) smelter capacitv of about 7.000 5.SOO tons

Overseas, the London price of wolfram concentrates which had climbed to over 
700 shillings per long ton unit WO3 in May and June 1970 began to decline in 
the latter half of the year in line with the easing in overall world demand and the 
uncertainty in world markets pending an official announcement concerning future 
tungsten releases from the United States Government stockpile. By mid-October, 
the London Metal Bulletin quotation for standard grade wolfram had been reduced 
to the range 520-500 shillings per Lt.u. WO3, On 22 October 1970 the United 
States General Services Administration announced details of its future disposals 
programme. In summary, the programme will consist of domestic off-the-shelf 
sales and sales for export on a competitive bid basis. The domestic offering will 
consist of 20-25 million pounds of tungsten at an initial base price of $55 per 
short ton unit WO.j. Of this amount the G.S.A. will offer up to 7 million pounds 
(W content) through to 30 June 1971. Disposals offerings for export are seen 
as about 4 million pounds (W) up to mid-1971 consisting of 0.75 million pounds 
in the initial offering, and subsequently monthly offerings of up to 0.5 million
as

tin per annum was achieved towards the end of the September tons of refined
pounds, with an overall limit of 6 million pounds (W) for export up to mid-1971.

quarter, 1970.

UV/U 1 1^4.» q “ I 1 Mil
No sales for export will be made at price levels lower than the shelf price for

Overseas, the eighteenth meeting of the International Tin Council under the Thir 1 
International Tin Agreement was held in London on 19-21 October 1970 -pi^. 
Council agreed to raise the floor price in the Tin Agreement from Cl ogo ?. 
metric ton to £1.350 per metric ton. and the ceiling price of £1.605 tod 650 
The lower sector was revised to the range £1.350-1.460. the ' ’ "

domestic consumption.
Open market quotations began to firm following the G.S.A. announcement, and, 

... . . .• 1______ A ...1 ckillinoe 1 t IIsupported by the establishment of a virtual floor price of 530 shillings per l.t.u.
WO, c.i.f. Europe (the equivalent of $us55 per s,t,u. WO.I, European prices 

• . .1    SiLr\ Z-. L. i I I i n zvz. Inta

£1,460-£1,540, and the upper sector to the range £1,540-£l .650 middle sector to

Since July 1970, the world market for tin has remained relatively stable with tl - 
London Metal Exchange quotation for spot tin fluctuating within the ciiri’"^ 
middle sector of the Tin Agreement, i.e. the sector within which the llulfei " 
manager does not normally operate. In recent months.

current
■r Stock

IllUliagVI UUVJ IIW IICZI lliuii; ••• tended to firm with supply and demand in reasonable balance, the continued absciv' 
zlAz.b«!In kxr tKz» ITnttrt/4 Cf'ltnc ^Rrvippc A11 .stockpile releases by the United States General Services Administration aniUh' 
virtual exhaustion of buffer stock holdings—as at 30 June 1970 the bulfer st k 
of the International Tin Council held only 955 tons of tin metal. '
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had recovered to the range 560-600 shillings by late November 1970.

NON-METALLIC MINERALS

.1. w.

Barite. Mine production of barite during 1969 was 39,562 tons, which was only
The bulk of production was again from Southslightly higher than in 1968.

Australia, which increased by about 10 percent to 36,061 tons.
partly offset by reduced output from New South Wales, although there was a 
slight upturn in Western Australian production. Domestic consumption continued

® ..................................... > <-_ti___ :___ xU- .z..z«z..^* Uz-.z-.r-* nrniH/lorl Kxt rxtT-cVic»FA drillino

This increase was

at a
I U|/IUIII III vaVfc.... --------------------- |- - J *11 •
relatively high level, following the recent boost provided by off-shore drilling

. . . . , 1___ .1--_______ I ,1 1 c nonoperations, and is estimated to have been in the range 14-15,000 tons.
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Exports of barite increased further in 1969 to 23.99.5 tons, valued at $811.827. 
Increased sales to Brunei ( 12.910 tons) and New Zealand (3.767 tons) accounted 
for the increase, despite a full in shipments to Papua, to 7.009 tons, from 12,983

Production of elemental sulphur in the non-Communist world is expected to reach

tons in I96S. There is a growing demand for barite in the Southeast Asian area
18.2 million tons during 1970. an increase of about 6 percent on output ol the 

Actually, this expansion of output would seem to be attributiibicprevious year.
for use as a weighting ;igcnt in oil drilling muds. A consequence of this is that to the further growth of production in Canada and to incrcasetl supplies Irom
Australian producers arc developing mining and treatment facilities in the northern 
part of the continent which is closer lo this potentinl market.
South Australian Barytes Ltd (SABAR) reported IhLit considerLiblc work had been 
carried out al Inverway. N.T.. in prepLiration for the delivery of barite ore to 
Wyndham by roLiil IrLiins. which were expected to commence operating in the 
latter part of 1970. The company proposes to transfer its kirgcr mill from Quorn. 
S.A.. possibly by early 1971.
Mineral Deposits Ltd is conducting an exploiLition programme for barite in 
Australia, on behalf of Baroid Australia Ply Ltd. Samples of high grade barite 
from the company's prospect Lit Dorisvale. N.T.. have been tested by the Bureau of 
Mineral Resources.

the Near East, in particular from Iran and Kuwait.
In Canada, significant expansion of gas processing and sulphur recovery capacity
scheduled for introduction in 1970 is expected to add 1.0 million tons to the
1969 level of output, making a total of 4.7 million ions of recovered sulphur.
However, output by Frasch producers is likely to be dependent on the volume ol 
sales, and any downward trend will be partially offset by expanded production ol 
recovered sulphur in the United States Lind in France.

lalc. Production of talc increased by .fO percent in 1969. with continued expan-
sion in production for the export market. Total production of talc (including

Fluorspar. Probably the most .significant development in (he domestic fluorspar

steatite) was 49.267 tons, valued at $791.697. compared wilh 38.280 tons, valued 
'There was a sharp increase in pyrophyllite proiluelion inat $657,000 in 196S.

industry in recent months has been the commencement of
New South Wales from 501 tons in I96S to 2.766 tons in 1969.

near Walwa. Vic., in April 1970.
commercial production

Nevertheless, the bulk of local requirements
Most of the increased activity was Lit Three Springs. W.A.. where output incieased

of metallurgical grade and the total requirement of aeiil grade are still imported 
and consumption in the iron and steel and fluorochemicals' industries is continuing 
to increase. As a result of the growing pressure on reporledK limited world sup 
plies of fluorspar, several companies are currently cnutiucd in exploration activitv 
in Australia.

by about 47 percent to .36.29.3 tons.
to expand, and w;is I 2.262 tons.

Production from South .Australia continued

to increase. There wa.s a .i4 percent increase in the quantity exported in 1969. in part the
result of steadily rising shipments from Western 
which were 21.88.5 ions, compared with 18.725 tons in 1968.

Australia to the Netherlands.
'The increase was

There was no recorded production of Ikiorspur in Australia durin» 1969- how
PVPr PrnnV H mhri .1 nr. P»„ I tJ nf C-.i................ ............ ‘ever. Frank Hambridge Pty Ltd. of Svdney,
1970 at the Pine Mountain mine, near Walwa. eommenecd production in April 

The company plans to increase

mtiinly attributed, however, to the commencement of exports to .lapan til a rela- 
tivelv high level in the third quarter of the year; shipments lo Japan tobilled ' ,• .1 1 I r  .. I'___ *.. . I ;.— « K.-. < Is.. U iaT9.818 tons, valued al S241.94.S. for the half year. Exports rluring the Tust hall of

output to 60-80 tons weekly by the end of 1970; the ore is reported lo be of 1970 totalled 15.981 tons, valued al $409.166. of which 7.860 tons went to the
metallurgical grade, wilh an average assay of 88'7 ('al- 'The min' I h 
worked intermittently in the past, for a total recorded production of a iss " up to 1960. ' cuoiimq.i ss

Netherlands and 7.169 tons went to Japan.

tons

Imports of fluorspar increased by 34 percent in I96‘) lo ‘uui' , ,
_$667,4yj, which WLis still below the record of 22.431 u?„i'. ¡ininiried'in H r 7^
The value of imports in 1969 was much higher than in am pic',.., 
result of the high proportion of acid grade niLiterial ¡i - ' ' ■ '

S Iinr.iricil in 1967.

Kingdom. Mexico was ;i major source of metallure Irom the United
tons) and imports from South Africa were lower ¿if
1968). - -----  ... 2.291 tons ' s

In the first hall^of 1970. imports continued at
in 19119 (S,5()()

I.Ì..5.34 tons, valued at .$446.804; the bulk of the'
$331.776) was from South Africa.
Apparent consumption of fluorspar in 1969. btiseil

tun s.

2 tons in 
and were 
Valued at

- ----  ‘•’*11 iiiipurls It 1
tons, which is probably close to actual consumption accordili-' u/.-3 -’KOOO

.......I i.ig estimated to havp st;ite-ments on usage.
tons.

The steel industry is estimated to have coiwun; d
Consumption by The Broken Hill Proprietary Co | |j
i. Ill' ruin',.111 iiLil, Ik,' r.i. ;   r ’ 'I'increase by 66 percent with the commissioning of a

at Port Kcmbhi by the end 1971.
a new b.

"■''■'I 12.00(1 
V'lieelvd to

oie ow go'i I urnaLice

Sulphur. Duc to the depressed demand for sulphuric ;ieid f, 
domestic output decreased further iluring the first seven month'
tion was 940.000 mono-tons, which represented li 10 percent hiei 
with that of the equivalent period in 1969.

.''''f’erphosphate.
I’lodiic- 
"iipLired

Total imports of elemental sulphur (in bulk) in the first h„|| of ,, 
202.657 tons which is about 27 percent greater than that ot t|„.' 
period of 1969.

Were
^'‘’''responding
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ward by a shelf edge where a marked change in inclination signals the upper end 
of the continental slope. The edge of the shelf has been defined for international 
purposes as water depth of 200 metres although in fnet shelf edge throughout the 
world is normally somewhat shallower and between I 10 and 146 metres.
The continental slope has an average inclination ot about 4 degrec.s and leads
down to Ihc deep ocean floor at depths of 2-4.000 metres. In some, but not all

Mineral Resources offshore 
with Special Reference to 
Australia
I., c. NOAKK.S

places the continental slope towards its lower end Hattens out forming a feature 
known as the continental rise; this normally represents a fan of largely detrital 
material accumulated along the bottom of the continental slope.
The deep ocean lloors show considerable variation in morphology; they include 
abyssal plains commonly 3.000-6.000 metre.s in depth, but also deep ocean basins, 
submarine mountain ranges and sea mounts as well as deep trenches which pro­
vide the greatest dcpih.s known in the ocean.
Thi.s broad division of the sea floor into continental shelves and deep ocean basins
rcllccts fundamental differences in geology between the two region.s. The con-

Important amongst man’s recent tichievements
Hl science aiii.1 exploration is hisgrowing knowledge of environments oilshore and of associated mincr-ii 

Although Im deposits were lirst mined olfshore in the early resources.
systematic investigation of mineral resources had to
equipment which have been developed in the last

'ears ol this century,

20 \
imait new inethod.s and

tinental shelf and slope represent the prolongation of the land mass beneath the 
sea and arc part of the thick contin'cntal crust, called ‘ sial", which is typically 
composed of acid igneous rock and derived sediments; the continental sheivc.s 
were, in fact, dry land at periods during the Pleistocene Ice Age within the last 
million years when Ihc shoreline, itself not a static feature, retreated to near shelf 
edge.
In contrast, the deep ocean bed is typically underlain by oceanic crust (sima)

Production from the
new potential for shelf

lirst ollshore oil wells in the kite |9.|ii\ indicated the
years has now firmly establishetl. Minerals other than
shown iiiiich less spectacular potential than ha'

..... .  » "«.» recen,

still exists in
light.

some quarters to view all ollshore
IS lielroleuin alth

pelt oleum ollshore have

prospects in ile.
hough the tendency 
' 'Hile encouraging

I hi.s article attempts to res iew
with spedili relerence to the Australia

piescnt knowledge of
an region; it can

progres.s report because knowledge of olfshore cm ir'onnienl' 
and IS continually broadening. More cmphasi.s i.s placed

i' '‘■■ónices Ollshore
'•"'i-c than a

petroleum offshore because these have not
and thii.s temi to be less well understood.
as the most important resource of

on I,......
enjoyeil the same r >■ '
Petroleum is

coniineniul shelve'
are centred, hut on the other hand in the fuUiri 
dominant resources in the deep oceans hevond tin

s eertiiinb 
where cm
nieláis ;,t.

Although this progress report deals primarilv with poii 
fki' ..... .............. '

>e coniinciii.ii
h'

'''■ Hi.'onipicii;
■' •tlher than 

'■ Hs netroleum 
'( I- ■ontinuc 

; "■■■ ’"-'.ilions 
b' Ihc

the subject mailer leiilial ill ;
appears so new as to require some general hac’

tion on mineral resource.s ollshore to whichI , . ...... .......... . progress in Ausiraii . .■ .
In consequence. Ihc article brielly refers to the types of mineral dew
known oilshore ami discusses potential andIf , , ------- ' —....... current constr.iini tobclorc dealing with progress in Australian waters. '

■ '■■■fniina- 
b>' lelaled. 

■ ‘ "I'-'nliv 
'(’•••Hatii-ii

which mainly consists of basic igneous rocks; the oceanic crust averages about
9 kilometres in thickness and is considerably thinner than the continental crust

Both types of crust rest on anwhich averages about 35 kilomcter.s in thickness.
inner zone of the crust called the mantle, the upper boundary of which is known
as the Mohorovicic Discontinuity (Moho).
Current concepts of ocean spreading suggest that continents have drifted apatt.
particularly in the last 200 million years, as sea lloors have been extended and 
lloored by submarine volcanic material erupted from the prominent ridges which 
are characteristic of all the major oceans. The oceanic crust is commonly ovei-
lain by Mesozoic and younger sediments which consist of fine grained oozes anri
clays away from the continents, but include considerable thicknesse.s of coarser
grained sediments adjacent to shedding continental masses.

I 
I

I 
I

I I I

KNVIRONMKNTS OI I SIIOKI AM) A.SSOCIATEI)

I he seaberl can be divirled into two broad
MIM R \i

environments on both
5*1

COmiSENTAt
0-200 METRES

SHELE raNTINENTAL SLOPCZ CONT.NSNTAL RISE , 
¡200-2000 METRES\2000 4000 METRES/'

I 
T

I

I

I 
I 
I

ABYSSAL PLAIN

AVrRAGF ABOUT 4000 METRES

s L.

CONTINENTAL CRUST (SIAL)

35 KILOMETRES

and geological grounds—the continental shelf and slope, 
basins; each has its own set of geological charactcrislic.s and the J,'"'’''I'iiolocical

potential for different mineral deposits, 
diagrammatically in Figure I

which in 1,1,11 ,,j.
Cicneral morphology ollsh ' 

and types of mineral deposits in I (,¿,1,-. is shown

I urning first Io morphology, the continental shelf extends
' aiiil t

MOriOROVICIC

I uiimig iiisi lo morpnoiogy. me continental shell extends seawards i,- , 
mass and gives wax' lo the eonlinental slope which leads down to the''?.'''"'I 
floor. The width ol the shell can range from about nothing to 1 4()i) ‘’‘•’c'an
and shelf seas are comparatively shallow in most places the\shelf is hounde’^'i’'' FIG I
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NOTE METAuLiFERCUS MINING 
OPERATIONS MA’* 3E EXTENDED 
OFFSHORE

HEAVY MINERAL DEPOSITS 
ON ANCIENT STRAND LINES 
OR IN DROWNED VALLEYS

RESIDUAL DEPOSITS UN 
DROWNED LAND SURFACES 

'e.g BAUXITE)

world hold some 330 million cubic miles of water, even low concentrations of 
metals such as the 0.01 parts per million for zinc, iron, and aluminium and 0.003 
parts per million for tin. copper, and uranium represent a prodigious source o 
minerals for which future generations may well of necessity find processes for 
economic recovery.

S.L

CONSTRUCTIONAL MATERIALS 
IN SHALLOW WATER 

'SAND. GRAVEL. LIMESTONE
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PETRC.EUM
'SULP'-'- R)
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FIG 2 MINERAL RESOURCES OF THE CONTINENTAL SHELF
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MINERAL RESOURCES OF THE OCEANS

The contrast between these two fundamentally different environments ill 
inevitahiv retlerti'il in thn rh-srnclpr »sowluloil ,1___ Uilshiinevitably reflected in the character of associated mineral deposiis- ,, 
tion of the continent, the continental shelf may be expected Io exhibit 111,

■' prnitsng:,
of mineral deposits well known on land, whereas the few types of miner'M 
alrpndv rPPi^OniKPit in th»» er.-i kr,t-ir»v aIHV_____  ‘already recognised in the deep sea basins represent a dilfcrcni ai 
study is just beginning.

funi;
F'liusils

F'i’iiP ol which

Before listing in turn the types of mineral deposits known in these uvo 
ments olTshore, Ihe mineral resources of sea water itself deserve iiienti,^'"'ion- 
water contains on average, 3.5 percent of salts in solution; some no „f 
elements known to man have been measured in sea water, although 
them are in very minor concentrations (Mero, 1961). Since the

>e 102
nearb all of

of the

I
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At present, some of the world's salt is obtained by the controlled evaporation of 
water; bromine and much of the magnesium and magnesium compoundssea

consumed come from the same source. Many attempts to extract gold com-VU113U1UVU LUIIIV IIWIII iiiv omiiv ---------------------- , -
mercially from sea water have failed (.concentration 0.000004 parts per million), 
but recent experiments in the United Kingdom in the extraction of uranium from 
sea water by ion exchange, although far from commercial, provide some promise 
that the mineral potential of sea water will be further tapped at some future lime.

Returning to the seabed and first to
deposits may be conveniently related to two

the continental shell, potential mineral
sub-environments, the consolidated,UCUU31VA IllttJ MV VKZ. I . V..I V. J -------------- --

lithified or crystallized rocks beneath the seabed and the veneer ot more recent 
unconsol'U i' .d sediments which commonly blanket the consolidated rocks and
form the sea lloor itself (see Figure 2). The consolidated rocks of the continentallonii iiic sea iiuui iL.'tuii V 1 It«.«« V -,. ----------------- , I.
shelf can include the same range of sedimentary, metamorphic, and igneous rock 
types as are found on the continent, although as a result ol prcpondcraiicc of 
marine conditions in shelf areas, continental shelves probably have a higher 

of unaltered sediments than is common beneath the continents them-proportion 
selves.

Beneath the continental shelves and slopes therefore, one might expect to find the 
associated with sedimentary basins ondeposits of petroleum, coal, waler. etc.oeposiis or pvuuicuHi. i.v«i. --------- --------------- ------

land and, in metamorphic and igneous rocks, the type ot melalhicrous ’■lepoM ■
In fact, the continental shelfwhich continue to provide us with metals on land.

and slope are parts of the continent equally prospective as dry land, but where 
cover of water has until very recent limes prevented man from exploring jindof water has until very recent times

Indeed, otTshore prospects for petroleum may well be better than thosemining, muwu, mi'.iiv,... —....... , ------ .
on land because relatively young sediments of Mesozoic and lertiary age arc tnc 
favoured host rocks for petroleum accumulation throughout the world and these 

more extensively preserved on continental slopes and 
According to figures given by Kossinna

on

younger sediments are 
shelves than on the continents themselves.
( 1921 ), the area
the prospecting

of continental shelves to a water depth of 200 metres extends 
s of the continent by T to b percent: the addition of the 
a water depth of 2.()()() metres considerably extends this area

areas
continental slopes to
to a total of 2.1 percent of the area of the continents themselves.

of those known onshore.Sedimentary basins olTshore. commonly the continuation
are potential sources of petroleum, coal, water, sulphur, potash and other minerals

7 . I ___ ...kink z-nr» ivnir in this environment. retrolCLimsuch as clays and uranium
continues to make the major contribution from

which can occur in this environment.

reasons for this arc discussed later.

The igneous and metamorphic
doubtless include lodes or

consolidateti rocks olTshorc but the

rocks beneath the continental shell and slope
orebodies similar to those known on or below the land

"rilZ^ the elfects of surface weathering in ,erms of leached outcrops 
induced secondary enrichments, well known on land, arc likely lo be rareor

developments offshore.
land, arc likely to be rare

which commonly blanket the basementThe more recent unconsolidated sediments 
rocks of the continental shelf make their own --------- .
deposits This includes construction materials such as sand, gravel, shells^and 
coral and detrital heavy minerals such as gold, tin a,... :..c „cac..

ilmenite rutile, zircon and monazite, concentrated in ancestral stream 
S or beaches. Phosphorite and manganese nodules are also found in places 
on continental shelves but these are more commonly found in deeper waters.

contribution to potential mineral
This il

coral

on

and the beach sand minerals
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Environments of the deep ocean arc still being explored and no doubt our know­
ledge of potential mineral deposits in this environment is presently very incom­
plete. Currently three types of mineral deposits arc recognised. Deposit.? of 
phosphorite are known in comparatively shallow walers from about 60 to 3 ()()() 
metres, commonly encrusting the lop or sides of hanks on or separated from' the 
continental shelf, on steep subninrine escarpments, or on the tops or sides of 
mmink riemo .1— ___ .s '

Deposits of

mounts rising up from the deep ocean lloor. sca-
1 he occurrence of phosphorite in- • -----1 ------------ ..v.s... , ,,v X'X.VII1 I VI ILU L’l luiuspi

these places apparenth- stems from supplies of cold, phosphorus-rich ocean water' 
commonly from the upwelling ol deep ocean currents, to parts of the sea floor 
Wnprp lltln r..-. .'I.,,-.;.. .„.I;.,,....... .. . ,1 .... . ,

an water.
where little or no clastic sediments
tions of calcium phosphate.

can dilute the chemical or organic uceunitila-

Nodules of manganese, rounded or of irregular shapes and ranging in size from 
a few millimetres to large slabs, are widely distributed 
continental shelves to abyssal plains "ii the sea floor from
monly lie on the sea floor itself with little '’‘'’‘-ffiic.s com-z’X“' i-:,
composed, a.s m the many a.ssociatcd trace elements, 
cobalt. In general, nodules found in sh .ii,,,,.,- ...

large quantitic.s can

composed, a.s in the
In general, nodules found in shallow

The noduic.s

is likely to be patchy.
so

A
towards the centre of the Red Sea; the largest of the three basins, called the 
Atlantis II Deep, measures about 56 square kilometres at ii water depth of about 
2,000 metres, with a bottom layer of sediment at least 10 metres thick overlain
by metal-bearing brines with températures up to 56° C. The sediments appear
to be layered and inelude a sulphide bed of about I metre in thickness containing
particularly zinc, copper, and lead.
sediments in Atlantis II Deep shows Cu 1..5%. Zn 3.45!

The average assay of the top 10 metres of
Pb 0.1%. Fe 29.0%.

Ag .0054%. Au .00005% (Emery. Hunt and Hay.s. 1969).
Fine grained metal bearing sediments discovered recently off the east coast of 
U.S.A, in water depths of about 3.000 metres, probably belong to the same class 
of deposit; one sedimentary layer contained significant quantities of sphalerite 
(zinc sulphide) and another some native copper although both layers were found 
at depth below the sea floor and not in surface layers amenable to dredging.* 
The Red Sea muds appear to be associated with graben tectonics and igneous 
intrusives from which the metals may well have been derived by exhalations or

Little is presently known about the origin of the metal-hydro-thermal fluids. ____ , .
liferous sediments off the coast of U .S.A, but the environment appears to be

are principally 
not.iblv nickel, copper, tind

er Water showcentrations ot these valuable metals whereas nodules
deep ocean floor in all oceans.

relatively low con-

more attractive commercially.
commonly at depths of .3.5(i()

occurring on parts of the
to 4.01)0 metres, are

TABLE 1: AVERAGE METAL CONTENT OE Sllin v i (ahercrona... .9(i. ii^I.'),,
Allantic) 1967. in Ihe I’.,eilte und Indi- LSI O.XIDi; NODULES

lian Oceans. from
'■ unti Manheim. 1965, in the
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different from that of the Red Sea occurrences and suggests that additional 
occurrences of metal bearing sediments may well be discovered on or beneath 
the ocean floor.

CURRENT POTENTIAL OFFSHORE

We should now turn from this background of types of mineral deposits to be 
found offshore to a realistic analysis of present potential beyond the shoreline 
based on the capacity of present technology to discover, mine and treat.
The course of events offshore in recent decades has of course been controlled by
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Depth (in.)
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man’s capacity not only to discover but also to exploit. Although in fact tin has
been mined offshore, ¿1 continuation of deposits known on land, off and on
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since early this century, systematic prospecting for inferred mineral deposits off-SIIIVC- VUIIJ villa vv.iiuij. ---------- .
shore had to await the advanced technology developed since World War II.

investigations such as

I.7,sf. .ÑI42 .’.722

isi L'alifoinia borderland (.4 .samples).
.‘'.046 3.240

f2) Itaja C aliforni;) bonlerlaiitl-
(.’) Norlheiisl Pacific (10 samples).
.4) Sinilhcast Pacillc (II samples).
(.?) Ccolral l’acilic (12 samples).
(6) South Central Pacific (12 samples).
(7) Wes) Pacific (30 samples).

l-scamoiint (6 samples). <«> MiTPiiciilc M., 
19) 'soi 111 P.mii- I''iiiu.iiris (5

indiun (.-t 
' ' ‘ Iiiiiiuri Oc,-

■amples).
samples).

Although development directly associated with marine
improved diving equipment, submersibles, underwater photography including 
closed-circuit television, and sophisticated positioning and navigational equipment 
have all played their roles, the major contribution has undoubtedly come from the 
extension of geophysical surveys from the continents to offshore areas. Aero- 
magnetic surveys, first developed on land to measure major changes in the earth s 

® . _ - - . . • I • _ _ ,„»■ . u fUlol'nfli'c /-»f eo/limpntc in

Aero-

■ e ¡n (It e

■ 1'1 . 14
' imples).

McKelvey and Waii.ir. 1969.

Mero (1965) has .suggested that the

magnetic field and thus provide some indication of the thickness of sediments inIliagllVllS IlVIU aiisi IIIV.O ---------- ----------------
sedimentary basins and the configuration of basement rocks, were readily extended

lIM Ciiikhcii- KiUge flu
fi-’) Atianíic

-amples).

Ocean (. seUi.iin,
impies I.

Aniureiie sector).

information offshore; moreover, more detailed magnetic datato provide the same i,,.,,.----- ---- --------- ' , u u- j
became available through the development of magnetometers towed behind

Gravity surveys developed on land to measureoceanographic research vessels. C......., ...... ,
the force of gravity at successive stations, and thus provide data on the density

metal content of nodules in i,-,- l 
'inns ran K ,lni:.,.,..,. , ■ .

of rocks beneath the surface were liso extended offshore, initially by lowering

v^ies fair y systematically so that regions can be delincated'hs'w)'■‘'i'’' 
chfferent characteristics-high manganese, high nickel and c m r ’ 
However, current data arc insufficient to provide any re ,ls ' '

-''7¡s oceans
a marine gravity meter to the sea
instruments to provide a continuous record.

floor but subsequently by designing shipboard

tents of nodules throughout the deep
However, the major geophysical contribution to geological knowledge offshore 
must be credited to the seismic method by which the structural pattern, particularly 
of sedimentary basins, could be determined. The process developed on land of 
initiating and recording the travel times of shock waves using explosives was first 
adapted for marine investigations by using one vessel to produce submarine 
explosions and another to record the resultant shock waves, however, advancing 
technology produced methods using sound waves from an electrical or com- 

r _. ..■ ,„J ,.(' ovnlr>clvp< in marine nrosnectinc

. , * r
provide any reliable ,,ver,„.,. ,

oceans. Table I. taken from mLk’; ''Table I. taki
aver.n cobalt.

Wang (1969), shows the average Analysis of ;;;n;ies In fr.............
locahues in three major oceans and emphasises .'be NortbeIs ’ u 
Spjir ^Lco'ver'v
localities in three

The third type of deposit presently known from the deep 
occurrence of heavy metal deposits in fine sediments of 
remain the first discovered and best example. Tl.v.vt scuunents 
explored in the last decade, occur in at least three small basin-

occ.uis
which till

These sediments.

cnn-
s’y and

iinniher o|
'.Las;, and

nickel and

concerns the 
“• '^Ld Se.i

IS or dei
'’’cred .Hill
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'pressions

I

explosions

source

The process developed on land of

which obviated the use of explosives in marine prospecting 
Furthermore, by vary-pressed air .....  -- .

geophysics and could be carried out from a single vessel, 
ine frequency, it was possible to seek maximum resolutic 

® . <• t___  r»f thniicnniN
resolution in the seismic records

either in surface layers or at

* Dr. C. C. von

depths of thousands of metres below the seabed.
der Borch (personal communication).
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The combination of these geophysical tools olfshore was well designed to investi­
gate thickness and structure of both consolidated and unconsolidated sediments 
below the sea floor; but in assessing the practical results of this the capacity to

and economic deposits principally depend on the high energy concentration of

exploit mineral deposits becomes an important I actor. In terms of the con-
solidated rocks of the continental shelf, petroleum, sulphur, and evaporite minerals 
became practical targets because these minerals could he recovered through a 
borehole in contrast to other deposits of sedimentary basins such as coal and 
clays which cannot as yet be exploited by remote control from the surface of the

1

sea. Admittedly, gtis and oil wells needed to he compleled for production by
men working on the seabed but technology was equal to this task; to date, wells 
have now been completed in .410 metres of water and manual completion can 
probably extend to depths of at least 400 metres, below which new systems of 
remote control may he necessary.

, i 
(

As a result of these advances about a sixth of the world's petroleum is now pro-
dticed offshore and stilphur is being won olTshore in the Citili' of Mexico.
cver, stratified deposit.s of sedimentary basins like coal, clays and uranium

How-
remain, z - -......... VI ■ tt 111 eiii I IVIIIUIII

resources lor the tutiirc except where they can be mined, like coal, in extensions 
of minc.s developed on land; such deposits olfshore could be found and assessed
by current drilling technology olfshore but
supports their development.

neither present need nor technology

Turning to possible mineral deposits contained in nietamorp'iic and igneous rocks 
beneath the continental shell, constraints imposed bv current technoloei become 
more obvious in regard to both discovery and exploitation (leophvsieil tools 
now available olfshore can indicate the broad distribulion of these'rocks and 
magnetic surveys could assist in delineating some ty pes of orebodies, hut the geo­
physical ntethods of most use in delincatint. orebodies on kind, ihe electrie-il

beneath the continental shelf.

physical methods of most
methods, have yet to be adapted for work offshore where th, 
ductivc seawater presents difliculties. Moreover. the
depth offshore poses obvious difliculties although solution

Cieophysical tools
lese rocks anti

le geo­

le presence of con-
exploil.ition ol orebodies at

uepui oHsume poses onvious uitliculties although solution minin- throtl-h bor' 
holes or mining through caissons extending above sea level a- - ' -
the future. are possihiliiies for

The major contribution lo mineral produclion made by th, 
ments on the continental shelf continue to be the le unconsolidated sedi-

provision oi. . - ••'■’■■•'-j-ismixiiJiiKi,
materials in developed countries of Europe and North America wh. 
places dcposit.s of sanil anil gravel are becoming scarce onshore

'‘■•ISO uction
tere in somepiacu.N uvpuMLs UI .SUFKI aiiu gravel are bcconune scarce onshore Ihe * T 

dcposit.s can be readily dredged in shallow waler and up to depllis Yifi , 
metres ami can he ih'lin<Nifpil hv klv.llMw »..»¡ex,:., _____ .metres and can be dclinealed by shallow seismic survey with 
doubtles.s both developed and developing countries w ill make

seismic some hilling;uwMUUva inzu. uc UIIU kIC VUIUpi 11U UOUniriC.S V\ 11 I fliukC IIKMC iSC ff '
deposits in the future where economics or availability favours oper.itiom
Second to construction materials in annual value of mineral productiva :
seabed are deposits of olfshore tin from I hailand. .Malaysia 
deposits offshore were delineated in the past by following econoni'■

and III.

olf-bore.
■'01 Ihe

: in
along river channels on land into the sea and confirming values Iw
drills mounted on floating platforms.
gold mining olfshore although prospecting
Nova .Scotia in 1966-68.

I here appears to he no record ,■
I in ' - kI

Most areas
was active oil' Alaska. ('.■i¿.,,.' 

were subsequently rclinquislivd, ¡
encouraging near-shore prospect was reported in Alaska and one in \o\ an

Use of shallow seismic surveys and marine olfshore drills greatly assists iq . 
for deposits of detrital heavy minerals although present knowledge sii'crest.
ci finifinnt rnnclrnintc t/N /xr‘z>r\r»ix-»ir> .IzxnzxoU.. z.E — __:____t . ■ "significant consiraints to economic deposits of these minerals olfshore

’arch
sonic

Emery and Noakes (1968) have suggested a practical division of valuable d- 
minerals into heavy heavy minerals (gold. tin. platinum, chromite). |i„i„' 
minnrnk friitiln 7ir<'An i I ivt.» n ■ ixi o ■ >.x . » .... i "

'fclrital
minerals (rutile, zircon, ilmenite, magnelite. monazite etc.), and ^'■'1''' bliamonds. . recognises that economic deposits of
heavy minerals, with specific gravities above 6.8. occur principally in sire.
sapphires etc.); this division

bcavv

and less than 15 kilometres from source whereas , - .......................Ill) beds
minerals ol the li.jtn

group, with specific gravities between 4.2 and 5..'!. normally travel long di. he.I
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waves building beach deposits. Concentrations of light heavy minerals also occur 
in streams but very rarely arc these economic unless they contain in addition 
minerals of the heavy heavy group like gold or tin to make stream deposits 
viable; in such deposits light heavy minerals may be recovered as by-products as 
in fact ilmenite and zircon are recovered from tin dredges in Malaysia. On the 
other hand, heavy heavy minerals like gold. tin. or chromite can occur in signifi­
cant concentrations in beaches in close proximity to source, but such occurrences 
are rare.

Gems form a third group whose survival in stream deposits depends on toughness 
and extreme hardness rather than on a combination of resistance to erosion and
specific gravity. Diamonds in partietdar can travel long distances and are known
to occur in stream channels offshore and in some places in beach concentrations 
in South-West Africa.

From these considerations, Emery anti Noakes have suggested a number of guide­
lines for the occurrences of economic deposits of detrital minerals on the con-
tinenlal shelf. In the first place, the most reliable guide to potential for heavy
mineral deposits on the shelf is the occurrence of economic deposits either in 
stream channels or in beaches on land to establish provenance for minerals off­
shore. Occurrence of economic deposits of detrital heavy minerals seawards from 
a barren land could happen, but only under special conditions; prospecting in 
such areas would only be warranted if marine geological investigations had indi­
cated the likely existence of both source and concentration on the shelf.

In the second place, since economic deposits ol heavy heavy minerals occur close
to source, known sources of minerals on land, even e.xtending to the shoreline,
are not likelv to give rise to economic deposits along the seaward continuation of
stream beds for more than S kilometers in the case of tin or for more than 15
kilometres in the case of gold. Economic deposits of these minerals farther
removed from known sources would require areas of bedrock on the shelf which
were suflicientlv exposed during recent low stands ol sea level to provide mineral
concentrations. Such conditions may have existed in places but again prospecting
would need to be based on detailed geological investigations because the exposure 
of bedrock through the veneer of recent sediments on the continental shelf is 
proving rather rare.
In the third place fossil strand lines, formed seaward from land areas shedding 
light heavy minerals and providing economic concentrations along the present 

® ... . • I - I. ______ zxf Uzxii/xU find ni I tir» r'11 tf • kilt fhPQPlikely to include concentrations of beach sand minerals; but theseshoreline, are ....... ---- ---------------
fossil beaches have been submerged beneath an encroaching sea which probably 
made some changes to original mineral concentrations. IJkely processes and 

under these conditions arc still obscure, but at least some reworking and 
distribution of mineral concentration would be expected with perhaps

IJkely processes and
changes
chanecs in distribution of mineral concentration would nc expected wiin pernaps 
remnant.s of original beach concentrations existing beneath cover of reworked or
younger sands.

If, as seems likelv. the entire sand body would need to be worked olTshore, where ' ' . 1 ... lUa nroflnc níTchr» rfi
selective mining as practised on

likely to be significantly lower
land would at least be difficult, the grades offshore

than those found along the present beaches.are iiKciy lo nc siguinvu.i... ................... — - - .
reatiiring verv careful investigation and perhaps new- techniques to exploit. Mining 
■done fossil strand lines will need to contend with the active seas on which such 
concentraiious l.ave depended and is likely to face more problems than does 
current tin dredging offshore which operates in comparatively sheltered waters in

requiring very ci

concentrations have

Southeast Asia.
Occurrences of phosphorite are widespread although few localities are known 
Xe nodules are sufiiciently abundant to constitute mineable deposits; occur­
rences off Baja. California, and on the Chatham Rise east of New Zealand appear 
* 1 __ nrnniicinil tiFPilk Will Kp. fniintl.
to be in this categoryc and doubtless other promising areas will be found.
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iLis a relatively low unitHowever it should be kept in mind that phosphate rock hi .
However, i ................ beneficiated product at the mine—

harvested nodules from a depth of about 2.000 metres by a specially designed

value—normally about S(i to SS per ton
and that there is at present an abundance of mineable supplies on land, chiefly in

dredge off the east coast of the U S A. Moreover, a Japanese consortium is

anu iiiui iiiviv .11 ........... .
the U.S.A.. North Africa, the Middle f-.ast. and in Australia. On that account the
significance of submarine pliosphoiite may well relate more to resources for thesiunincancc oi suniikume }iiiki>i-iikn ,
future than for immediate supplies, although the economics ol offshore mining are 
enhanced where deposits of submarine phosphorite exist in proximity to markets
less readilv served bv known deposits on land

The grade of phosphorite nodules varies considerably up to about .10 percent
I ne maue ui niuApiivi nv ..s-x.v.s-• .......... -- - . ,
P O- and in general, is stated bv Mero (19651 to range between _0 and 30 
percent P.,O.-,; however, it is not clear whether this is the range of individual 
samples or the result of hulk sampling of potential deposits. As in the case of 
phosphate rock deposits on land, marine phosphorite would need beneficiation 
to provide a product better than ,3 1 percent P.4) ,; the average grade offshore and 
the character and cost of beneficiation will therelore be import.int factors to be

experimenting with nodule mining in the North Pacific.
The significance of the metal-bearing muds of the deep ocean also stems from 
promise of future resources rather than of immediate supplies. Preliminary values 
are available only for occurrences in the Red .Sea where Bischoff and Manheim 
(1969) suggested that the upper ten metres of mud in the Atlantis 11 Deep con­
tained 2.9 million tons of zinc anil 1.1 million tons of copper. Estimates of gross 
value of metals per short ton of brine-free material, on late 1967 prices, was given 
as approximately $iis28 for approximately $i's5 per short ton of mud in situ) at a 
depth of 2.000 metres.
At least two consortia continue investigations of these occurrences, although inves­
tigation and exploitation of this unique type of deposit will require new metal­
lurgical and mining techniques. However, the problems of exploiting such 
deposit.s should not be allowed to detract from the importance of thorough inves-

considered with the cost of dredging and ot transport to shorebased treatment 
As no marine tleposits have y et been exploited the pioneering and costingplants.

of recovery methods has yet to be done.

Like marine phosphorite, there is little doubt that ni.ingaiiese nodules represent 
significant resources lor the future, particularly in terms of nickel, copper and
cobalt, although it is not clear when such deposits may become viable. Again.
there is no shortage of manganese, nickel, copper, or cobalt on land although of
course manganese
markets in some parts ol the world.

nodules might provide the closest source of these metals lo
It follows that viiibility in the inimediatc

future will require an order of costs of mining, treatment, and delivery a, least no
greater than those pertaining to deposits on land.

Referring to Table I and considering the most promising e assay of ten
samples from the North-West Pacific, the average content ol 1.! pereen! nickel. .7 
percent copper, and 0.2 percent cobalt, allowing an overall p 
would presently return at marketing point about S.^S per long
seems doubtful whether the manganese content could be niarketeJ. but it so this

recovery. 
i»f iioihiles: it

would add another $6 to $7. 1 he market value of the combined nickel.
and cobalt content, at S.18 (S24.4 nickel. S6..1 copper and S^.l

copper

attractive as the equivalent of over 4 percent copper on land, bin Olli.;
■ el' looks

are likely to arise. Harvesting in bulk by some type of suction dred
leliable order of costs is as.iil.d . !great depths, is possible, although no 

commercial scale to recover both nickel anil coppe

mm
I

treatment on
metals certainly presents diflicidtics. Recovery hy a number of pi.

cesses such as differential leaching or solvent extraction h ive been 111'

the laboratory, but one gathers from recent workers like Brooke p... 
(1969) that despite encouraging progress much has still to be done

•asi in

A further difficulty may well lie in the marketing of cobalt tor which c.irld 
demand is of the order of 20.000 tons per year. Since the mining of ne,,.
nodule.s would probably require economics of scale and throughput oi .g i^. 
1,000.000 tons of nodules per year, each separate plant woulil recover ue uh '.m«, 
tons of cobalt or about one-tenth of the world’s demand so that extensive minine 
would be likelv to result in depressed prices for cobalt or other dllll..ll1t¡es
marketing the material. The same 1.000.000 ton plant would produce .ihoui
10.000 tons of nickel and 6.000 tons of copper per year, hut production „|
order, representing about 2 percent ansi 0.1 percent of present annii.d world
demand respectively should present few market ilitliculties unless main pl.uits
in operation.

Were

However, despite these difficulties a number ot organizations are pioneering th^. 
recovery of manganL..e nodules, amongst them the International Nickel Uorpur.i- 

■ and Kenneeo of the United Slates which has already successfullytion of Canada

4b

tigation of known occurrencofi and of continued search for additional ones; these
are some of the resources for the future which we will surely need to exploit.
This discussion of potential and problems in offshore resources might well con-
elude with brief reference to matters oi tenure offshore. Limits of national and
international jurisdiction offshore, and particularly in relation to the deep ocean, 
arc present subjects for discussion within the United Nations and principally by 
the Committee for Peaceful Uses of the .Seabed; these discussions are far from 
concluded but. on present showing, the deep oceans may come under some 
scheme of international control with national sovereignty extending at least to the 
->00 metre depth line on the shelf, as already ratified by a number of nations fol- 

■“ , . .1 z-s__ •___ . 1 iftCOlowing the Geneva Convention on the Continental Shelf of 19.18.
Present lack of agreement in these deliberations is apparently having little affect 
on exploration on^continental shelves, particularly within the 200 metre line where 
national sovereiantv is currently accepted hy many nations, but some concern is 
apparent beyond the 200 metre depth line and particularly in the deep ocean
basins beyond the continental margin.

■ Pn,,i of manganese nodule deposits mentioned above indicates 
iha’/'pivsi-vvil.ia and investigation has not been greatly affected to date, but 
matters of control of tenure in deep ocean basins need to he clarified as soon as 

of continued exploration for and eventually exploitation ot

Current investigation
that prospecting

possible in the interests 
resources which the world will certainly need.

In summary, and before turning
that levels of current 
induced the discovery

lo the Australian scene offshore, we should note

fruits of exploration beneath compì
kindred deposits of

JIV LUI unit ‘ ...................... . . • I • I 1technology both in exploration and mining have inevitably 
and exploitation of petroleum as the first major economic 

larativciy shallow seas offshore; petroleum and

provide the most valual

iLiicaiii vk/ini’iM s.s...
sulphur and evaporite minerals arc likely to continue to 
Liable contribution to man from those parts of the continent

covered w Z Other possible resources of the consolidated rocks and the con­
tinental shelf and dope; like coal in sedimentary sequences or orc depos, s tn 
^"mornhic and igncous rocks, are best regarded as resources ^r the fmure.
Xii"in7bothæimpXTc7le7hm^^^ discovery.

assessment and minine. will make an increasing con-l ’nconsolidated sediments 
the future and. in places, will provide someiribution as construction material in for discoveiw

’. although prospecting in this field is likely to be wasteful ifresources of detrital heavy
and economic mining.
not scientifically based.
Deposits of phosphorite in
oceans and those of manganese
future where exploitation

special localities on shelves or on highs in the deep
nodules at depth appear certain resources for the

lUlUIV »»liviv >-•' . .
and the ability of these deposits to competí

¡II depend on technology in both mining and treatment
¡th those prov¡ding simi.ar minerals

on land.
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Metal bearing muds in the deep ocean are further removed trom current exploita-
tion, but serve as a potent inducement to continue exploration beyond the con­
tinents in search of scientific understanding of sources ol minerals which the world
will need in the future.

)

PROURFSS IN AUSTRALIAN WATERS
Introiluetion

In the last decade Australia has followed a world trend in the commencement of 
systematic exploration of both continental shelves and ocean basins with initial 
emphasis on continental shelves where improveil technology is gradually making 
available sub-sea resources.
Offshore prospecting, directed at petroleum, really commenced in Australia with 
aeromagnetic surveys off the coast of Gippsland in Bass Strait by the Bureau of 
Mineral Resources in 1956 and over Tasmanian waters in 196(1; these led to more 
detailed investigations by companies in the etirly 196(l's and since that time shelf

Possible petroleum potential was first indicated by an aeromagnetic survey carried 
out by the Bureau of Mineral Resources in 1956. The sequences of compara­
tively younger sediments were further investigated by aeromagnetic and marine 
seismic surveys carried out by companies in 1962-64 which established promising 
structures, the first of which to be drilled in 1965, Barracoota, proved to be a 
commercial gas field. Subsequent drilling of other structures between 1966 and 
1968 discovered two more large gas fields, Marlin and Snapper, and three oil
fields. Kingfish and Halibut and Tuna. Relatively small oil reserves were also
found in deeper sands of the Barracoota and Marlin gas fields. Initial reserves

investigations for petroleum have continued and increase in tempo. Details of
petroleum tenements offshore are shown in petroleum tenement maps compiled 
by the Bureau of Mineral Resources tit six-monthly intervals.

The early 196()’s were also marked by a growing interest in minerals other than 
petroleum offshore, induced by the potential ot new technology for exploration
beyond the shore line. In Australia, thi.s came at ¿i time when exploration for
heavy minerals onshore was nearing saturation and when the search lor phosphate 
was under way and resulted in significant offshore prospiTtini! in the iniiltlle l96O'.s 
which subsequently declined under the sobering inlluence of scientific assessments

Exploration permits for minerals other than petroleum olfshoie a- , - '.'led 16 percent
of the Australian cc.itinental shelf in 1967 when offshore pru-pectin■'
out off all coasts except those of Victoria and the Northern lerr'iur'

"as carried
.\t present.

there arc a few cases of land tenements extending marginali', nd i,, r.. ..„j
tional areas are held by Planet Metals l.imiteel tilong the ceulr.i!
Ocean Resources I.td olT Weipa in the (iulf of Carpentaria.
showing current offshore tenements would be misleading, in
indicate the present level of inlercsl offshore, because applic.ili 
for many additional areas, parliculaily in eastern Ausirali.i.

isn.t co,'St anil by
II,,'-.

Ts-

er a map 
could not

en made

amounting to 1,580 million barrels of oil and about 10 trillion cubic feet of gas 
have been established in the basin, and the current production is providing some 
200,000 barrels of oil and 73 million cubic feet of gas per day. Production of 
oil from Bass Strait in 1971-72 should reach 13.5 million barrels per annum or 
about 70 percent of Australian demand for crude oil at that time to meet local 
consumption. The recent successes olfshore relate to the Gippsland Basin; inves­
tigations of other basins in Bass Strait, the Bass and Otway, have not as yet been 
successful although more investigations are planned in all three basins.
On present knowledge, prospects for petroleum appear more promising offshore 
than on the continent itself and, apart from Bass Strait, the continental shelf west 
and northwest of the continent appears most promising; both thick sedimentary 
sequences and promising structures have been identified in these areas although 
19 offshore wells have now been drilled without establishing commercial fields. 
However, these wells have included Legendre No. 1, 220 kilometres west-north- 
west of Port Hedland which flowed crude oil at the rate of 1,014 barrels per day, 
which might have represented a small commercial oil field on land. Gage Roads 
No. 1. 42 kilometres west of Perth which test-flowed oil at a rate of 300 barrels per 
day, and Petrel No. I. 160 kilometres west of Darwin, which struck high pressure 
gas in what might well be commercial qiiunlities.
Prospects in other areas offshore, such as the Gull of Carpentar a and the Barrier 
Reef area of Queensland, have still to be investigated and two wells in the Gulf 
of Papua (Pasca and Uramu) produced good flows of gas anil considerable 
amounts of condensate in the case of Pasca.

tion for minerals other than petroleum offshore remains eumpli,.
ters concerning mining fegislation offshore have still lo be res,.'
Commonwealth and the States.
Uniform legislation between Commonwealth and .St.Ues in n-. .
offshore (Petroleum (Submerged I.anils! .Act 1967) was pas ■.I i-.'
monwcalth anil .Stille Parliaments in 1967.
exploration anil development offshore.

This was fulliwi.

b- 
'.,1

"U sltua- 
' ■■ niat- 

Ihe

r'.'U.'.enm
'oth I'nm-

In the case of miner;'
petroleum olfshore the Commonwealth has proposed a Tederal

ed
.ill

control offshore exploration and development which States
their own coasts.

ni.r.
Pending the passage of this Act. the Commonw-e .Ih t

that it will honour titles granted by the Slates w here the proposed
to, and concurred in by, the Commonwealth .A numher of applie.

gr !”•
.iti..ns

1

I

by the .States have been cleared b\ Ihe Commonwealth on this b„si. 
The notes that follow on mineral exploration offshore are intended 
progress report for the interest of those follow ing .Australian miner,d dv'.

'Uhmilti'..'

The writer acknowledges with thanks the interest and guidance of 
in the industry, in Sttilc Mines Departments, and of his colleagues

''“Pmeni
i

Petroleum

tn..n\ frieiuK 
'he Bureau

Success in the search for petroleum offshore in Bass Strait has been well du-u 
mented and needs only summary treatment in this article; the petroleum eeoi,,, 
of the area has recently been discussed by Richard and Hopkins ( 1 ,
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The petroleum potential of the Australian continental shelf has been established 
and continues to support prospecting although it should be recognised that olf­
shore prospecting for petroleum is much more costly than that on land and that 
the search offshore vitally needs a successful strike within the next year or so to 

It should be noted here that supplies ofmaintain present interest olfshore.
artesian water from sedimentary basins oil dry coasts in Australia may well
provide useful supplies for future development.

Mineral Sand.s.

Heavy Minerals

fhere can be little doubt that Australia provides an outstanding
environment in which to study mineral sand deposit.s olfshore and that such a
study should commence on 
coast.

the rich rutile and zircon deposits of the central cast

Investigation of possible olfshore deposits was first commenced by the Australian- 
. « « ' 1 . ..Lt „L L* .. .. ■ I »*1* . I a n/s A 1ned Planet Metals Limited which has worked concistently since 1965 off the 

' ' ---. A number of companiesOWI.^u . ...-....... , „ . ,
central coast in areas between Newcastle and Brisbane, 
followed Planet's lead and obtained prospecting permits’ offshore along the coast 
of N S.W. and southern Queensland but most if not all of these were subsequently
surrendered.
Revived interest in the last vear or so has resulted in new applications for offshore 
owned Planet Metals Limited, which has worked consistently since 1965 off the 
permits in both States hut. as mentioned earlier, the matter ot t.nurc offshore has 
yet to be clarified._________________________________________ __

Termed “Aulhority to Prospect” in Queensland and “Exploration Licence" in N.S.W.
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■In investigating occurrences of heavy minerals olfshore over the years Planet has 
developed new equipment and techniques lor use in many aspects of offshore 
prospecting for mineral sand.s including drilling, seismic profiling, sample analysis 
and precision positioning al hy the use ol laser beams', research and develop­
ment are being followed by'detailcd investigations of mineral deposits.

Brown and MacCulloch 1970) have provided some interesting information on

1

mineral occurienees found to date. Heavy mineral concentrates can occur in a
blanket or layer of sand 1.5-5 metres below the sea bed. overlying barren material
or more commonly in seams in fossil beaches beneath .5-5 metres of generally
barren sediments. The company has identilied and concentrated on a near-shore
fossil strandline in about P!)-.5(i metres of water: there is esitlence of a second 
strandline in 7()-S0 metres of water and beyond this two more strandlines arc
postulated in depths of less than 140 metres. .Although much detailed assessment
is still to be done Brown and MacCiilloch give some indication of overall grade 
of a strandline along some .50 kilometres of coast commencing about 70 kilo­
metres north of Newcastle where total heavy mineral content of the sediments 
(presumably to ;i thickness of 10-1.5 metres) averaged O.S percent with rutile plus
zircon content in e.scess of 50 percent of the heavies. .Assuming appro.ximatcly
equal quantities of riidlc and zircon the overall grade of these sediments, in terms
of rutile, would he in the range 0.20-0.2,5 percent. Ihe most recent report by
Planet refers to 57.5 million tons of mineral sand with an estimated grade of
0.20-0.22 percent rutile and tu an indication of further 500 million tons.

Although the average grade mined on land is considerabix higher than 0.22 per­
cent rutile, cut olf grailes have fallen in places tu .it least 0.15 percent rutile and.
given economies ot scale, sand averaging 0.20-0.22 percent rutile, with equivalent .. ,...1.1 .„....«...KI.. ,1 __ K..--. * ‘zircon content, would be profitably mined onshore.
As mentioned earlier, grtides of deposits necessarily mined in hulk olfshore a 
expected lo he lower than those available onshore, partietil.ii 1\ il

are

?

I

those which were provided by virgin beaches in the past.
compared to

„ . , . I he principal challenge
onshore may well he to mine and treat as cheapiv as on laud

Although resources of rutile, zircon, and ilmenite exist olfshore it is of course 
loo early to talk in terms ot reserves which will depend on guide .uui mineabililv' 
It might be noted that if, as expected, fossil strandlines coniiiiiie m prove low 
grade, the resources of valuable mineral contained per unit voliiine

on

comparison with those contained in beaches alre.ids mined, 
initial drilling ettrried out by the Bureau of Mineral Resourci

« ill bear little
1 '''111 ihe results of

and tipplying to a sample of some 70 million tons of sircin bc.,h
' I'l 1'e.irb |i)5(l’s f

the N.S.W.-Queenslaiid border ((.ianlncr. 1955). the writer h.i
the overall grtide of Ibis material. if mined in loto, wonhl hte
4--5 percent heavy mineral with rutile and zircon eonleiits 
each.

'1'1 str.uldling 
estimated that 
approximated

ol .ill,),.I tn I'erecnt

However, future needs for rutile and ilmenite (ini;luding the hidi. i,,,, 
of the N.S.W. coast, discarded in the past) emphasise the inipori.uwi"ue ilmenite 

t'f presentstudies olfshore. Little is known of fossil strtindlines in deeper waui hut 1 
too are worthy of investigation to collect data bearing on shell pro. -s,,,, ,, । 
the distribution of heavy minerals as well a.s to seek .idslition.il 
which future technology may be able to exploit.

pro.e on
i"iuer ,! deposits

Results off the central coast arc likely lo control interest in other t
from the known coastal ileposits shown in Figure 4. ".'cas allshore 

«’N'C'e Itos -aus, lions
extended northward towards Gladstone, on the central Queensland co- a 
enter a dominantly ilmenite province in which much of the miner..I i. ' ' ''

Rutile and zircon were identified hy Ocean Mining \ 
Naracoopa. King Island, where these minerals are currently mined on'lainl
low in chronic. oil

The main ilmenite province along the Bunbury coast in VVeslern .Atisti-.di,,
ilmenite is accompanied by by-product zircon, monazite, and rtiiile. is knowa. where

n toinclude some olfshore concentrations although little work has yet been dun-
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foTirv'm*'^hcompensated 
comnL^d m f°"=‘^"‘''alions of heavies in the Western Australian deposits 
strandllnp fF ‘teems no cogent reason why mineablestrandlines olf a rich ilmenite coast should not be viable if operating costs could in 
I act nnnrnvimnio »hnen ------ - _ . . *

east coast; there seems

fact approximate those now current on land.

However, strandlines inland from— ----- the Bunbury coast have suffered leaching and
secondary cementation (coffee rock) which hinder
result of sub-aerial weathering.
problems at sea, would not

mining and appear to be the
Stich alteration, which would present particular

: — normally be expected in fossil strandlines offshore;
however, a reported occurrence of
Western Australiii colls for careful investigation.

cemented strandline material offshore in

Occurrences of relatively low grade concentrates onshore, like those reported, , ■- o------- —.—v..,.uimiun,, iiKc muse leporieu
north of Perth and at Point Blaze (Ward. 1957) and on Melville Island in the
Northern Territory (McKay, 1956). provide no present encouragement for- --------po-'viue IIO pieseni cncourageme
offshore prospecting on the premise that only under very unusual conditions 
fossile strandlinc.s be higher in grade than those on land, 
containing ilmenite, rutile

would
Beach sand deposits

‘'ud some chrome near .Strahan, Tasmania, may be 
in this class but no grades are available for this deposit nor for newly discovered 
deposit.s of ilmenite near the western end of the (Jreat Australian Bight.

may be

On the othei hand, although guide lines suggested lor oilshore prospecting seem 
logical on present knowledge, our understanding ot the processes involved in 
heavy mineral concentration oilshore is imperlect and leaves room for research

seem

and new ideas which could pay dividends in terms of unsuspected deposits. 
Although not an example of possible new processes, the coast line north of Glad-
stone and behind the Barrier Reef could conceivably contain better prospects for
detrital heavy minerals than are at present apparent. Present beaches have low
concentrates of heavies presumably as the result of low wave energy inside the
reef; but on the assumption that the reefs have grown with gradual rise of sea
level since the last glacial epoch, any beach remnants older than Ihis event might
contain high energy wave concentrations where a supply of valuable heavy 

Although any such fossil strandlines are likely to be 
well covered olfshore. they might exist as r.tised beaches behind the present shore 
line or beneath the present strand.

minerals wiis available.
concentrations where

rill and Culti. f'ollowing the guidelines of tin prospecting olfshore suggested
earlier in this article, the shelf olf north-e;istcrn Ttismania, including that adjacent 
to the Furneatt.x Islands, anti that oil the north Queensland coast obviously show
some possibilities. In both areas erosion of lin-betiring grtiniles has given rise to
economic deposits of allusitd tin along the valleys of co.istal streams. North-
eastern Tasmania would seem the more prospective are.i with tin granites and 
alluviiil deposits close lo the coast and with cuiient tin dredging along the valley 
of the Ringaroomti River close to the sea.

Tasmanian prospects were curly recognised by Ocean Mining A.G., experienced 
oilshore prospectors, who became the operative company ol a consortium which
included E.Z. Industries. .Anglo-.American Corporation and Bethlehem Steel.

Preliminary reconnaissance olfshore comniencetl curly in 1966 anti included
shallow seismic profiling and reconnaissance drilling; this indicated prospects for 
offshore tin off the central cast coast of Tasmania (Oyster Bay), in Ringarooma 
Bay near the north-eastern corner of the island facing Bass .Strait, and ea.st of 
King Island where some tin. rutile, and zircon were found. More detailed investi­
gation indicated that the best prospects were in Ringarooma Bay where a pro­
gramme including I TS drill holes in water depths ranging from 10-40 metres was 
completed hy early 1967
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Company reports lodged with the Mines Department, Hobart, were released on 
open file when the company surrendered their prospecting licence in 1969. A 
summary of results in Ringarooma Bay I Young. 1969) indicates that tin con­
centrations were patchy but generally followed the continuation of the Ringa-

A Phosphorite

rooma River offshore; holes I to 1.5 kilometres apart gave some preliminary 
indication of reserves and suggested some 30 million cubic yards grading about 
four ounces of tin metal per cubic yard plus some zircon and high-chromc 
ilmenite to a maximum water depth of 40 metres; the sediments containing the tin

In the first flush of shelf reconnaissance for 
occurred between 1965 and 1967 a 
phorite under
off the east permits granted by .State Governments' 

coast of Australia and off Tasnia
and off the west and north'

were rarely more than 13 metres in thickness. The report mentions, however. I

minerals other than petroleum which 
number of companies prospected for phos-

these including shelf areas 
ania, in the Great Australian Bight, 

iwestern coast.s of Australia. ™These reconnaissances

that closer drilling might upgrade reserves by delineating additional rich patches 
and that tin bearing sediments are clearly likely to continue northwards, tilthough 
into deeper water.

oTs'Sts offThoTr'cTr'■ r®?”* "" «•' Tasmanian’ shd/.TnïïThThck
phoXte^roc^^ no hwe »f
the search for phosphorite on iheïff ‘°in August 1966, served to discourage

Neither quantity or grade as presently indicated offers much encouragement off-
shore in the active seas of Bas.s Strait. Indeed, a grade of four ounces tin metal
per cubic yard onshore, worth about 2<S cents per yard, sold as concentrates at 
late 1970 prices and assuming 90 percent recovery would presently be regarded
as a low grade for an economic deposit. However, the possibility of upgrading
the prospect has already attracted other company interests and prospecting licences 
have been sought.

The shelf around the Furneau.x Isltincis also attracted some attention in 1967 
as both Flinders and Cape Baron Islands include tin-bearing granites ;ind have

I

provided small alluvial deposits in the past. Broken lidi Proprietary l.imitcd 
and Utah Development Limited combined in this area to carrx out seismic profiline 
and reconnaissance drilling but found no prospects to warrant continued investf-
gâtions.

Prospectors in these areas were aware of the possible occurrence offshore of the 
productive "deep leads” known onshore—tin-bearing stream graséis cox cred bx 
valley fill of younger sediments. However, ''leads’' onshore lie ;is much as 33
metres below present sea level and under as much as 3.3
and such conditions offshore would not favour economic miiiinu

metres ol ovcrhtirilen

geology of this area, with notes on tin prospects, have recently been
Slater (1969).

The massive
coxercil Iw

The Marine Geological Group of the
mSicP'^Sogicir^eirnXpi^

pccted and in which phosphorite could 
carried out in 1967 and 1969 (Jones 
phate content in the sediments of the

Bureau of Mineral Resources took as its

area in w'hich some upwelling was sus- 
w'cll occur. The results of this survey 

1968, 1970) indicate uniformly low phos- 
region with a maximum recording of 3.3nprrani P n ■ r . - , . wnu a maximum recording ot 3.3

occur -‘-t ^--allyoccur near the outer edge of the shelf
However, marine

in water depths of 200 to 300 metres.

Prospects off north Queensland do not iippetir as attractive as those off l a 
although no intensive investigation seems to have been done. asmania

I he main tin pro-
vince of the Herberton area, inland from Cairns, is situated on a plate lu mil ly ■ 
contributed little tin to the sea. However, between Cairns and ('ape \'nrk ' i 
number of coastal streams, like the Annan River, contain sonic tin
contributed little tin to the sea.

have some possibility of generating tin deposits offshore. and would

pecting permits were held in this area in 1966-67 and subsequenti
but no prospecting results were released.

Some offsliore pros-
V surrendered.

Elsewhere in Australia known tin fields seem too distant from the ci
offshore prospects (see Figure 4).

coast to provide
The small tin held of the l inniss Rd

shedding in part into Bynoc Harbour south of Darwin, is an exception, but o|f’ 
shore prospects seem unattractive; tin and tantalite shed from pcginatitc and 
greisen dykes appear to have moved very little distance from source in this sub 
dued terrain and deposits presently know n provide no suggestion of offshore eon 
tinuation.

The only alluvial gold prospect know n to have been investigated olfslnlore In Aus-
tralia was off Berniagui on the south coast of New South Wales, where record 
of mining last century reported rich gold values in beach sands.
Ltd carried out a reconnaissance offshore in this area in 1967 but no 
released.

I’lanet Gold 
lesiilts Were
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reconnaissance earned out by Ocean Mining A.G., in Tasmanian 
same partners as mentioned earlier, located phosphate nodules 
------rn and western Tasmanian shelf in 1966; phosphate deposi- 

principally along the western 
Reports from the company available at the Tasmanian Mines Department

waters with the same
on highs on the southern and
tion presumably occurs a
coast.

as

offshore

f1

prospecting for minerals other than

I

A
Petroleum

Fig 4
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in Hobart indicate that the most encouraging concentrations and grades are likely 
10 be found west of Tasmania and south and southwest of King Island (see 
Figure 4). Nodules were found in depths ranging from 6.5 to 16.5 metres, which 
is unusually shallow for phosphorite occurrences, and although the grade of most 
samples was less than 1.3 percent I’-.O-,, there were at least four localities on

The bauxite occisents fossil weathering pr^iicts^Lm“,"«^ •^7!’
from the Lower TcrlVirv Renm surlacc which probably datesfound in the Dart. «”2!;»PParently the same land

, ....... .. •••£?
from the Lower Tertiary.

repre-

surfiice are
the western shelf where samples graded 13 to 26 percent I’.jO-,. However, these
indications of possibly higher grade patches of phosphorite were not further 
investigated by the group.

Turning to eastern Australian waters, phosphalic nodules were dredged from the 
continental slope off northern New South Wales by Global Marine Inc. in 1966 
and about the same time an oceanographic research vessel from .Scripps Insti­
tution of Oceanography (U.S.A.) recovered phosphalic material from a sea mount

luuna in the Uaru ¿ire i in -------- . Miuiiue are
this ancient land surf ice exten Ip i i'^^" J assumption that
including the area of the n,- r "iT Northern Territory and Queensland, 
Tertiary into eastern Papua in Lower
for the iloodincof the Gulf unHor ?h^ faulting have been responsible
possibilitv of .al Ie-,O P'cscnt Configuration of coastlines. Thepossibility of at least remnants of this

*. laterite or bauxite
coastlines. The

as only a thin
Gulf, the

rising from the Tasman basin some .SOO kilometres cast of Brisbane. Selected
nodules from off ColTs Harbour assayed as high as 21 percent P.O- (von der' 
Borch, 19701 but most of the material was of very low grade and the survey was 
not continued beyond the reconnaissance stage.

These reports induced some company activity, hut there was no way in which 
Australian Governments couUl support interest by prosiding some type of legal
tenure over portions of the deep ocean beyond Ihe shelf. The Bureau of Mineral
Resources reconnoitred the area in 1969. but dredging of both the tops and sides
of sea mounts in the Tasman Sea produced no evidence of phosphorite, suggesting

1

p
that occurrence was patchy. However, company reconnaissance discovered
smaller occurrence.s on sea mounts oil' the central and southern coasts of New
South Wales although little detail of these has been released. I'urllier work bv
the Bureau of Mineral Resources in 1970 has discovered phosphatie rock croppint!Ailt /'.rx th/s .1,------.UV TT........ I l .. I . . i ' ' Q“out on the upper continental slope olf Fraser Island, on the central cast coast, in
water depths of about 300 metres. More detailed results were nut available al
the time of writing, hut is certainly of low grade. It is probably geneticallv
related to the phosphalic nodules dredged from the continental slope farther south
in 1966 by Global Marine Inc. and to the onshore Mioceii
southern 'Victoria phosphorites of

Interest in marine phosphorite has recently been revived l.y Mr.
colleagues who have formed a company. Ocean Resources N.I

Alcorn and
Io rc-investigate

phosphorite occurrences on the western Tasmanian shelf presiotislv reported' Iw 
a n 'ru_________  u............. . i r_.. 'Ocean Mining A.G. The company has applied for a prospecting licence along

the shelf south and southwest of King Island where the occurrencedl phosphorite
is to be investigated in more detail, using bottom television to belter deterniii 
density and distribution of nodules. -... '• ■. • ''S . s. , , I HI IC

I he results ol this invesiinaiiiLn win he
awaited with interest: commercial dredging and treatment of marine phosphorite 
from deposits providing good concentrations of nodules but beneath acii- ■
has yet to be pioneered against competition from land r''soiirccs but 
encouraging concentrations in this area would have the advanta ■mv

markets in Tasmania and in southeastern Australia.
age UI p’-.sx-;,iiijy II,

Bauxite

The search for bauxite olTshore is presently unique to Australia and is being 
pioneered by Mr. Alcorn anel colleagues through Ocean Resources N.I with 
which the Canadian Superior Oil Company is associated in the search for bauxite
in the Gulf of Carpentaria. Ocean Resources currently holds a pn
authority of some 25,000 square kilometres in the (iulf off Weipa and commenced 
offshore drilling and investigations in November 1970: this project has .iroiise ' 
the interest of other companies in the search for possible bauxite deposits io q,. 
Gulf.
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existing beneath the ancient land surface with its crust of
'cneer nf r .,. . r " *^0 Gulf is thus a real one and

scent sediments has been found in many parts of the
recovery cif bauxite, if present. seems feasible.

... -s?..'' . «■’uimcrcial bauxite mining beneath the Gulf is. however subject 
.. apart Iron, the cost, which call for offshore investigations 

Icmonsirated that remnants of the ancient land surface or of 
marine erosion dïm^ continental and

<f-^'clopment of the Gulf. Secondly, ancient weathering

to three main provisos.
First it has to be di
its near-surface surface or of

products preserved beneath the Walers of the Gulf_ , . , , , ...................... ■',uvix III uie unir r
^’cvelopment of bauxite in a''we’at'her 

"'1 '’«th the character of the parent material and 
esses, il cither of these factors changed west of Weipa, the 

may be laterite rather than bauxite, . ..............

may or may not be bauxite

on pedologica! procc
weathering product may ne laterite rather than bauxite. Thirdly bauxite ore 
b^stiffìcìemiv ri 1 >0 the seabed and to
nc sutncientb Iriable to be amenable lo economic dredging.
These and other citiestions can only he answered bv offshore pro “ 
by shallow seismic survey and drilling; these pioneering efforts in 

arpentaria arc to be commended as following the tradition of bold
Otiizinnf Its A not ...x 1 ;.. • , • 1evident in Australia's mineral development.

Coiisiriiclion Materials

prospecting, mainly
in the Gulf of

prospecting

The only construction material presently mined offshore in Australia is ilead coral 
from Moreton Bay. Ouecnsland. which has been used in the proihiction of
at Darr.n for many years.

cement
Although .11 application to mine coral from Ellison, , , ■ - - t ’ .....................x-,,.,., iiv/iii i^iiixiai

Keet ha.s been recentlx rcluserl. there appears no siibstnntix-e reason why dead 
coral should not be mined from portions of the (¡real Barrier Reef in the future 
to satisfy local demands provided reef areas arc adequately. . - . ...... ....... - ..... investigated and
mining controlled to avoid any permanent damage to the reef environment.

Apart from the reclamation of some littoral areas, resources of sand and gravel
offshore in Australia h;ivc been little exploited in the past, partlx' because of the
new approach and equipment required offshore, but mainly because deposits on 
land arc fairly readily available. This situation is likely lo continue in many
coastal areas although in some, of which the city of Hobart is... an example, 
shortage of readily available supplies of sand and gravel onshore is likely to pro­
mote the use of offshore resources in the near future.

Moreover, once equipment and techniques for olTshore mining of constrticiion 
materials become better established, the economics of offshore mining will become 
more precisely known with the likely' restdt that more interest will be shown in 
offshore resources adjacent to centres of population along the Australian coast.

Manganese Nodules

Little is known as yet of the mineralogy of manganese nodules in the Australian 
region and little significance can be allacbed to the few random analyses available.
mainly off the southern and western coasts. The Bureau of Mineral Resources
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has commenced the collection ot
visiting oceanographic vessels.
metal content and a suite of samples lor I unire

, ot samples as opport.initv oilers, prineip.div 
with the purpose ol providing prehniin.irv d.il.i

investigation.
niciai LuiHviii aiiki I» '»vMiv v'l *1 I I
is on the Soiilhcrn Ocean \%here ciirnnt trucks ot ■ ■
F'oitndalion. U.S.A . promise additional samples

b\
i.irs data on

I’lesenl emphasis

S.imple ol nodules Iront a depth ol .V>7K melt es 
' .......  1 ____ . ,vi 1 Kiipi unee I a.A previoiisiv reported s.iiu|..c ... --- ----------- ■ i i

57 .5O'S, Long. 124 .5O'L (about 500 kilometres soiuh ol 
1H.4 percent Mn. ().‘JO percent Ni. < ..
another sample taken Irom the depth ol 4.700 o’etie-
154 lOE, showed 21 percent Mn, 1.1.5 percent Ni. L | v sc

(1.4*; pel cent Co. and d.l“' percent
.malvsed

.,1 I at. 4? 42S. 1 ong.
and

(ONCIA SIONS

Mineral deposits otfshore can presently be vliseeinevi in three m.ijor environments 
-in the consolidated rocks of the continental shelf anil slope, in unconsolidatedunconsolidated

(liven the appropriatesediments (in the shell and in the deep ocean basins. ' j ’ i
oiir experience in exploration on land can be directly applied to the

* . . . . - .1 . __ .i; 1 ,..^.1 .vf th.' kIai'IItechnology.
search for petroleum and other minerals in the consolidated ri^cks ot the sheltNUaiVH H’l KMVIIIII iiiiv.* «.-V.iv-t ......................... -
and the slope which arc in fad purl of the continents themselves; the other t\^o 

. . .. j'Qqtiire both new scicntitic knowlcilgcenvironments olTshore are new to 
and new technology.

percent Co (Mero. lOfi.si
theHowever, the average of 14 samples Ironi 

show rclativelv low metal contents and a s.imple taken iv
at 1 -at. .XI) 25'S. 1 ong.

c.ist Indian Ocean (Table 1 I
19i'9 from

14(1 01 '1'. (about 2.n00 kilometresa dentil of 5.7.511 metres ai i.ai. .m x ' '’"¿i  .................. ;y;, „i.i-.a
south of .Adelaide) showed only 12.b percent m inganese. (1.45

- ~ - • .,-.1. Ibis sample w.f' in\cstig<»icu in

) •

0.21 percent copper. and O.OS percent cobalt.U..XI peivviii «I'ui -------
(ietail bv Broken Hill Proprietarv Ltd and a paper covering 
published shortiv t I-'r.izer and Ostwald. 1971) 1 Although the
* .. .. __ .u., ;.s, .veti>T->t>,A(A provides the first data ot its kinit

anti Ostwald. 19701.

current economic tillraction. the investigation

this work will be

overseas to mine and treat manin the Australian rcuion; current in\csiiuaii('>ns .'.s... — 
ganesc nodules undc-rline the necessitv for us to collect, data on the 
and character of nodules in the Australian region as pronahle lesourccs ol nickel.
copper, anti cobalt in f.ittire years.

.1

I

(
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hxploratiou otfshore around .Australia has already provided rich returns in terms 
the continental shelf where currently the best prospects for addi- 

However. as in other parts ol the world.of oil and gas on
tional petritlcnm reserves appear to lie..._...... , - OICUIII leSCIVCS il|>p...ll ...................... .. ...................... . , , f
petroleum and associated minerals in sedimentary locks h.ivc been the hrs 1 nuts 
' - - ■ ■ - levels of technologv; the exploration ol other

of the shelf and slope await tulvanees in
of offshore exploration al present
mineral deposits in consolidated rocks
the technologv of discovery ansi development.

The unconsolidated sediments of the shelf contain in places supplies til eon-I lie li I IVOl INUI iuulkl.1 .-»VV.IIIIIVI11 ’ S'. ---- • III,.,
struction material and deposits ot detrital heavy minerals ant p ospiorie. con 
struction materials, given fuller investigation, will doubtless tulhl eventual need
to augment or replace supplies 
minerals and phosphorite on the shelf is

ttnshorc. hat our knowledge of iletrital hctivx
insufiicient to indicate the order ol the..... . ......  anu piiuNpiKMlit Mil HIV iHv.. ------- --- ------ . 

resources or to be confident as to when such deposits can be economically mined. 
.Additional resources of delrittd heavy minerals, particularly of the beach santi 
minerals, rutile, zircon and ilmenite, are very important to .Australia in the longeu 
term and continued pioneering in this field olf the cast coast is to be coinmentieth 
The commencement of prospecting for bauxite in the Gulf ol Carpenlarui ant 
planned revival of phosphorite search olT Tasmania extend this pioneering offshore 
and shoultl considerably add to our knowledge of mineral ttjcurrcncc.

ocean basins in theLittle is known as yet of possible mineral deposits of the deep
Australian region, and these remain fields to he explored for resources for the 
future.
ft is therefore important that wc recognise that although technology has enabled 
us to begin a new er.a of investigation and development of mineral icsoiiiecs ol - 
shore, these resources, apart from those associated with the consolidated rocks ol 
the shelf and slope, occur in environments of which wc have little real knowledge.

With the exception of construction 
to be discovered or developed as readily as

materials, other resources ollshorc are not likely
was petroleum; indeed success in theto nc Giscoveiuu UI uvvvivpvw MV . c-cv...- ............ , - _ I I 41 ( 1

future in all fields offshore is likely to depend on how elfectively wc tackle the tasks 
and improving technologv to cope with theof investigating new environments 

problems of exploitation.
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Preface

t

Statistics includeO in this Part reíate to Australian production of and overseas trade
in minerals and mineral products. In the main, the data relating to mineral pioduction
consist of official statistics of Mines Departments of the several States and the
Northern Territory Mines Branch. These statistics have been supplemented as
necessary by data obtained Irom the Fuel Branch ol the Department ol National Deve­
lopment and the Bureau ol Mineral Resources Including inlormalion collected by 
that Bureau Irom mines and treatment plants

The presentation of data in this Part is arranged to assemble under the one
heading all statistics in respect of each pritticular mineral. Summary tables showing
production ol selected major minerals and metals are shown on page 23, and 
include details where available for the September quarter 1970.

The fundamental concept of Austrairan mineral production statistics is that quantities 
and values of individual minerals are reported in terms of the products in the form
in which they are dispatched from the locality of each mine. This involves the
Inclusion in the mining industry ol ore-dressing and certain elementary smelting ol 
metallic minerals (e.g.. in the case ol go'd) and miscellaneous treatment ol non- 
metallic minerals where these ope-atrens are carried out in an associated plant at or
near the mine. For example, in the case of a nretal mine, the output is recorded as
ore when no treatment is undertaken at the mine or as a concentrate where ore- 
dressing operations are carried out in an associated plant in the locality ol the mine

The particulars of quantities of minerals produced shown have been compiled on
this basis as far as practicable. This has involved some re-arrangement of official
statistics published by Mines Departments lor certain States. Actual output ol the 
mineral product (as delined in the preceding paragraph) has generally been reported, 
but in some cases It has been necessary to Include dispatches Irom the mine (or

Inreported sales) as distinct Irom production in deriving the total lor Australia.
addition to the basic quantity data, particulars ol contents ol metallic minerals are
shown and in general represent total contents (as determined by assay) lor each 
metal which is a 'pay metal' or 'refiners' prize' when present in the particular mineral.

The data exclude conslructron materials (sand, gravel, building stone, etc ) and 
some particulars lor non-metallic minerals which are not at present available.

Quarterly value ol output statistics ate not available because ol delays in realization 
ol values ol several important minerals. Calendar year statistics ol the value ol 
output ol the mining and quarrying industries and values ol individual minerals are 
published in the annual statistical bulletins Minerals and Mineral Products and 
Minerals and Mineral Products f Preliminary!.

All tables in this publication omit particulars relating to uranium bearing minerals

I extend my thanks Io State Departments ol Mmes. Statisticians ol the several States, 
and the Department ol National Development who have supplied inlormalion used In
the preparation of this Bulletin.

J, P, O'NEILL
Acting Commonwealth Statistician

I
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Aluminium
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Lithium

10
22

Beryllium 
Bismuth 
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Diamonds, industrial
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Phosphate 14
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Summary Tables: Production of Principal Minerals and Smelter 
and Refinery Production of Principal Metals 23

References A'p rape numbers

The following terms and symbols, where shown in tables, mean:
ton: long ton of 2,240 lb. 
short ton: ton of 2,000 lb, 
unit: 22.4 lb.
f oz: fine content, troy ounce

(—): nil
( . ): less than half the unit shown
(n.a.): not available
(n.e.i.): not elsewhere included.

*: subject to revision
Statistics of smelter and refinery production exclude secondary metal (i.e, 
metal recovered from scrap) unless otherwise specified.
All import and export values are expressed in Australian currency and are 
generally f o b. port of shipment. A more detailed description of the method 
of valuation is quoted in the Overseas Trade Bulletin.
Any discrepancies between totals and sums of components in the tables are 
due to rounding.
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II

Mine production
Minerals prorJured 

nauxiln
Alumina (AI.^O ) content

Production: States (AI^O, content) 
Now South Wales
Victoria
Queensland
Western Australia

Total contained alumina
Smelter and refinery production

Alumina
Refined aluminium

IMPORTS (fl)

Aluminium and aluminium ba,se alloys 
Alumina ..........

Valuó

Unwpfked shapes
Canada 
Other 

Value
Plates, sheets, strips and circles 

Value
Pipes and lubes

Value

Bar.s, rods and angles 
Value

Foil
Valuó

Powder
Value

Wire, single strand, uncovered
Value

Scrap (including rc-mell) 
Value

EXPORTS (s)

Aluminium and aluminium base alloys
Unworked shapes

Japan
Hong Kong
Phllllpines
New Zeraland
Other

Value . .
Plates, sheets, strips and circles

Value
Pipes and tubes

Value
Bars, rods and angles

Value ..........
Foil

Value
Powder

Value .
Wire, single strand,

Value
Scrap (including re-melt) 

Value

uncovered

S'OOO

$'000

S'OOO

S’OOO
ton 
5'000

ton 
5'000

ton 
S’OOO

ton 
S'OOO

S'OOO

S'OOO 
ton 
S'OOO

S'OOO 
ton 
S'OOO

S'OOO 
ton 
S'OOO
ton 
S'OOO
(on 
$'000

4.876,822
2.633.447

7.796.003
4.211.363

? 139.139
1.156 23,3

2,003.994
1.071,932

1,747,079
932.370

2.192,164
1.179.273

4.511

1,905,342
723,594

2,633.447

1.288,776
95,810

2.964
551

11,975
3,782
0,193
5,822

349
432

48
108
553 
561

1,285 
1,979

418
282
289
481
856
260

5,577
79 

2,155 
1,481 
1,002

860 
2.745 
3,580 
2,109

119 
187
286 
153
704 
487

24
37

2,036
606

4.780
2.008 

3,049,917 
1.154,658 
4.211,363

1.900,519
124,423

2,821
506

1,062

1.061
726

1,069
1,045

28 
74

1,278
1,261
1,377
2,176

158
122
186
282
754
254

19,453
10,983
3,854
2,036 
1.295
1,285
9,175

150 
211

51
63

776 
521
752
613

53
50

3.683
1.227

ta) Details of imports of bauxite, and exports of bauxite and alumina are

867

839.587
315.779

1.156.233

1,373
88

738,293
332,178

1,071,932

1,167
418 

634.199 
296.586 
932,370

586

<5^35,925
^2,762

1,179,273

503,610
28 842

507,779
38,760

462,919
48,495

514.603
49.080

64l‘ 
140
214

214
157
112
160

9
320
270
358
576

15
19
36
60

190
67

3.735
2.032

613
611
216
364

1.905
25
38

2

160
106
190
134

17
25

945
332

790
158
522

522
329
210 
?Q7

16
40

252 
. 226

393
641

60
39
46
86

156
50

9.314
7.898

781
264

93
278

3.903
32
50
30
29

137
86

274
215

28
12

715
189

not available for publication

828
220

945
170

70

70

161
203

3
6

92
89

350
542
106
67
40
49

258
90

18.573 
10.139

1.523
30 

1.763 
5.118 
6.525

121
125
20
16

423 
240
168 
139

13
20

560
126

156

156
106
160
233

7
13

261
191
488
710

63
43
44
63

233
67

17,972 
11.554

730 
542

1,453 
3.693
8,511

43 
36

4 
6

842 
375
202 
161

17
400

80

I



ANTIMONY
Oi/iirfprs

1969“ 1970“

Quarters— 
1969“

1968 1969“ September December March
1968 1969*

PRODUCTION

Mme production
( t-idui • d

Aniinuiiiy mi?
An’inmny ■

. 4 t .’10 
’4.’

63
4,3

production

M nf. production
■tmium content of minerals 

produced
. ad concentrate

.ead-zinc concentrate
nc concentrate

ton 57
3

1.299

49
16

1,595

i i.-d.u I f)

f.-d
159 '4'.’

’49
19

44
20" 

9

43
193

10
140 200

f.r.lith Wil.
■ '-d

84? 905 260 '■46 140 200

Total contained antimonv 842 910 250 246 148 206

IMPORTS

' 000 ff .p
14
18

24
74

ASBESTOS
1970*

1968 March

PRODUCTION

production
rhtysoliln

Ne.\ ^•viith I*.
U’p<-pfi Ajs-'r.i

f>22
. •■4 199

169
100 
‘■Î0

226
220

IMPORTS

I lirysotih- 
Cañad,t 
Ofber'i

S 000
64- 

' 944

15 992
•• 405 
»T »35

• 4P'

14.327 
14.314

13
2 126

11.510
11 379

131
1 68'

CADMIUM

September December

12
8 

458

12
8 

417

1970'

March June

9 13

341 405

Amositf 
South Atri' ,f 
OThera

$ 000

2 595
2 531

64
314

2,046
2,046

25b
Othi'f typps

Value
«íhOft to^ 
• 000

4 8?f ' '39 569
54

360
19

621
66

exports

As types and qiades 
Value

short ton 
? 000 4

99 18 225
64

17
3

New South Wales 
Queensland 
' 'smnnia 
Nottl'iern Territory

Total contained cadmium
Rptinery production

Refined cadmium

EXPORTS

' ."Pd cadmium cadmium

q-T!s and blocks 
Value

• -s and rods 
Value

ton 
$’000
ton
S'OOO

PRODUCTION

Mins production 
Black coal

• tn'-anthracile 
Bituminous 

.d'-t.'itiiminous

New South Wales 
tona

. ..uensland
jLJtr) Australia 

.'.»•ste’n Australia 
’ asmanici

•'dernround

Total 
Brown coal (lignite)

•al products
■ iptalhirgicnl coke
’> wn coal briquettes

mports

linci petroleum coke)
Value

xports

■al

•'he
Callie

'000 ton

ton
S’OOO
ton 
S'OOO

'000 ton

S'OOO 
ton 
S'OOO

1,007 
261

74
17 

1,359

1,240
322

76
14

1,660

369 
86
18

5 
478

329 
06
20

2 
437

238 
91
19

2 
350

307
91
19

418

465 562 158 151 147 168

97
475
230

1,061

41
193
382

2,209

4
145
889

2

85
509

10
47

143 
900

55
150
083

COAL

1968

31
36,665

3.488

30.349
26 

6,552 
2.078

1 007
91

32.252
7.931

40.183
22.971
22.97,

3,891
1,552

9,278
119

47.726
1.430

12,097 
J 1,794

303 
103,757 
202,167

2,428

Ouarfers— 
1969' /970*

1969* September December

15
41,702

3,686

33.430

8.536
2,211
1.091

127

35.190
10.213
45.403
22,911
22.911

4.381
1,464

12.023
284

88,844
2,173

15.812 
15,404

408 
1A2.576 
333.645 

5.055

March

6
11.666

988

9.339 .

2,410 
505 
288
29

9,620
3,039

12,659
6,407
6.487

1,142
429

368
19

16,449
473

4,325
4,271

54 
40,089

154,202 
2,606

10.896
923

9.947
825

11,530
940

0.673 7,015 9,125

2.275 
558
274 
40

2.185 
479
267 

26

2,405 
499
330 

30

8,991
2,829

11,820
5.322
5,322

8,061
2.711

10.772
5.308
5.308

9,313
3,158

12,471
6,811
6,811

1,202
329

1,177
340

1,260
368

299
15

25,268
748

1,340
33

23,851
726

8,302
123

21,501
616

4,420
4,246

174 
41,835

113,435 
1,476

4,¿78 
3.967

311 
40,699

135,937
2,630

4,495 
3,836

658 
43,106 
44,127

762

3



COPPER
•Qffj« f970*

COPPER
1968 September Decf mbvf March

O.:ar‘er$- 
1969' »970’

PRODUCTION

Mine production
f-r d jr «'d

1968 Í9G9* Seotembcr December March

IMPORTS (continued)

Copper COnteiU 
Gold coriten!

finn >

2,74"
136

1 f^-9
67

- 250
415

14

5.243
369

5 65«
37-

I coni (•iitrntp
Copp»
Gold ci>titi-nt 
Silver content 
lead r.ontPiif 
2/nc content

OOP : ...
94 499 

894
1.114 

2 124

nr. oil’ 
r ’« o-'i

R4.29R

fli, 
1 68^

r ^¿6

287
261
35ê

127 745

*9 458 
265
156 
362

127,361
30.365
29.477

244
212
434

140 1.
33 •
22.12

270.6i
29
415

2opppr-base alloys— Continued
Rolled, d'awn and extruded shapes

Value
Wee

Value
Scrap

Value

EXPORTS

S'OOO

S'OOO

S'OOO

585 
941
161 
294

’.188
859

672
1 096

175
315

1 906 
641

.--'b 
428

87 
114

: 300 
246

237 
369

28 
fit

268
193

150
286

25
63

440
354

140
243

65
119
512
454

i opppf pfocipilatiï 
Copt'f'f ccirpffit 
Ciold rnritent 
Silver content

1 fj.’
000 t m

579
330
378

439
259 46

79
46

61
36

5-:

Copper—
Copper concentrate

Japan
Oiher

Value S 000

36.494
36 494

f'.opppt {.nn!(*nt ot minorais 
produced

Bismuth (.OUI rulrntp
Copper pin (a) 
ftnpfier concentrate 
Ctip[»(‘r precipitate 
Copper tin r oncenlrate 
Gold ore 
lead concentrate

130
2 747

93 037
330
169

138
1 679 

’18 970
259
570

38
510 

'’1 626 
46

161

30 
415 

'>0 667
46

156

35 
369

30.365
36 

196

37:
33.37"

35
205

1 pad COPI'♦•r
I pad zinc

Í oncontrnl«?
conrontratp

Nickpl roncpntratp
c onrontralp

Nt'w Soti’h Wales 
Victoria 
Queensland 
South Australia 
Western Aualrali.a 
Tasmania 
Northern Territnrv

Total contained copper
Smelter and refinery production 

Blister rofiper lb) 
Betined copper

IMPORTS

Copper—
Unrefined copper 

Value S'OOO

3 683

‘.38
911

3.756
1.378

59
1 241

936

1 015
334

29
342
243

919 
384
30 

44’
235

739
363

421
207

1.034
334

558
245

npfmeiy shnppr.
Chile 
South A'rlrn 
Others 

VflllK' S'OOO
Bais, rods, nr»glns and toes 

Value S'OOO
Piales, sheets and strips 

Value S’OOO

Pipes and tubes
Value S'OOO

Wire
Value

ton 
$'000

Powder
Value S'OOO

' Value S'OOO

Copper-base alloys—
Pigs, ingots and blocks 

Value S’OOO

4

»,9 447
80

1.591
16 601
7.903

107.906

15 041
65 

85,875 
394 

? 149 
18.685 
6.777

128.986

-1 999
41 

?3 810

526
4 318
1.650

34.344

3 841
20 

22 745
48

670 
4.523 
1.482 

33.329

3,476
11

21.017

584
5.818
1.825

32.731

92 454
84 2G9

1 14 549
99 261

29.701
24 610

29 547
26 151

24,575
27.842

4.529
5.233

397
300

50
47

380

11
15

524
819

25
68

240
348

1,471
1,24’

48
4,5

16

47 6
8

8
25

25
37

8
12

2

2
2

565 
9’4

101
183

170
324

»9
47

312
507

969
796

31

4
9

4
12

83
134

89
158

284
231

261
258

4
8

3
5

5
10
92

108
4

12
92

166
407
445

5
9

3.726
11 

23.346

716 
6.675 
1.707 

36.181

24.685
26.512

10

10

6
13
69

151
5

18

36
72

350
403

21
23

Copper precipitate 
Value

Cupper matte
Pe/gium-tuxembourg
Other

Value
Copper-'ead d'oss

Value
‘Jags and residues

Value
Blister copper

Japan
Value

Refinery shapes 
E E C.
United Kingdom
Other

Value
Bars and rods

Value
Angles, shapes and sections 

Value
Plates, sheets and strips 

Value
Tubes and pipes

Value
Wire

Value
Scrap

Value
Copper-base alloys— 

Refinery shapes
Value

Bars and rods 
Value

Angles, shapes and sections 
Value

Plates, sheets and strips
Value

Tubes and pipes 
Value

Wire
Value

Scrap
Value

Copper and copper-base alloys— 
Foil

Value

Pov^bers and flakes
Value

Copper content of concentrates, 
matte, etc. exported (c)

S 000

S'OOO

S'OOO

S'OOO

S'000

S 000

S'OOO

S'OOO 
ton 
S'OOO

S'OOO

S'OOO
ton
S'OOO

S'OOO

S'OOO 
ton
S’OOO
ton 
s ooo

S'OOO

S'OOO

$000

S'OOO
ton
’ 000

ion

(a) Includes cupreous ore for fertilizer 
in blister.

8.657
22?
14C

6 925
6.925

3 008
4 927
1.567

855 
21

7.063 
7,063
9.459

16,518 
6,706
1.850 
7,862

16 810
5.733 
6.296

5
7

768
1.100

658 
978

41
58

2 966
2 299

105
104

246
305

24
34
69
72
32
39

4
3

13,986

49 848
45,727

4,121
10 179

230
150

3 291
2.400 

891
' 761
5 581
1 547

402
40

8.425
8.425 

12.594
32 208 
11.249 
10.030 
10.929
40572

8 192
10.197

6
6

767
1 204

809
1 360

162

20 t3i
18 960

1.171
2.580

105
79

1.101
1.101

11 101 
9.261
1 840 
2 865

9 411 
8.574

837
2 877

2.201
2.201

24 053
24 063

6 078

628
2 500 

694
75 
22

3 423 
3 423 
5.241
8 251
3 558
2 703 
1.990 

»0.989
2 132 
2 904

6
5

203 
341
179 
324

60 
78

2 001 
542

22
12

1.394
1.394
2 315
8.883
3.614
3.024
2.245

'*2.775
1.279
1.830

1 458
1 501

414
5 
2

1 842 
1.642 
3.293

16.692 
6.629 
5.512
4.551 

24.57B
2.908 
4 303

1.963
977
906

1 213
1.001

275
32 

4
1.243 
1.243 
2 406
4 189 
1.97' 
1.476

736 
6.392
1 901 
3 116

6 
7

170 
297
155 
331
100 
147

303
565
422
827
136
207

207
413

638
98

154

36
3,230
3,005

97
99

295
417

23
35
79

108
54
48

1 086
1 002

36
33
87

131

5
4 
8
2
4

25
33

1 061
» 054

41
37
72

104
12
20

6
9

2

25
32

1.061
1 245

36
37

112
175

63
82

9
13

3

953
1.079

35
36
64

100
37
67
24
32

11.850 3.279 3.007 3.902 7.463

(Ö) Tola' prpduct'on io» rotminq in Aust'ai.fl and overseas (c> Excludes copper

5



GEMS

PRODUCTION

n a 
n a

n • I

IMPORTS

9 a . '«m

EXPORTS
IMPORTS

c h44

• ■- n» (J forr*»

’■Cjp-rrn
Z^a-ar'd

EXPORTS

H
9"

fj. 4f

444 6 > 
’4’ Orj*

3 949
339

94 Oi 4

44,
^4 h7y

5(
’ 058

t'K H7'

GOLD
CHANGES IN STOCKS OF GOLD HELD IN AUSTRALIA

R. 1 n,..y

*«mPP'" '

•44 bO*
94 449

239 •■-M

•58 449
31 205 

'89 854

PRODUCTION f •-. •«'J

Mme production

' I '>d Lullii>'i

'44

'■»> rhspostns njp

• q- 0K9
4 • 4R,'' 

f 032 ‘-71

?(:■ 440 
’ -7 4CS
395 *145

95 354 
■ ’4 b8C 
210.040

Apparent chanqa In atocka held tn 
Ausitelfa I. . 217 715 — 246 342 — 156795 — 20.386

GOLD

• 89r

99*

'55
205
537

3^ ?^¿

'15.240
27 825 

!43 065

16 955
90 403

107 358

• 35,707

(nnicnl nf mmora^s

Hipeniiil- - .1.

If - 
29,97fl

M np bullion ally* ;i
q ‘d A

‘ •• a<'S in bnld rq-. h H'd P ’ 9 Inf •;
v.i.g n

’ '’['('IT ( On- ••ti'r |!«‘ •u 493 P" ■ ‘ 49-

-.9 •» 34:

GiMd I’tp 
fii'lil billlion

30 3b ' ?2 66?

554 It ’44 • ’SC 705 ’07 50’

I ead I lipper 1 ,’ni cnlr.n»-
'0 OOP

I P.id Zinr I .tn.-»-n!'.i‘p 
.*in< rnni »*n{ ra?«*

' ~ '4 •
I 9:s

. i>-q
b eOb

2 313
6 313

2 806
7 055

1968

4 '<4 '

Nr'A 5 lllh W.Th“
’ 19f 1 364

PRODUCTION

6 .149
37 

’ '93

97 b6? 
46,964

' 654
54

3 070

128,387
38 038 
’66 426

97 bfa2
89 9b9 
’87 63!

—21.206

A»-*‘n»;ty produttion front
r »eludes spPMp; inr.ludes

in ibp ’ - An bfttntf and that nf non rnsidents

GYPSUM
Oiractcr'i 

’969' 1970'

1969* Seplember Decembff March

Oueensl.ind
■'I utb Australia 
Wt’Slern Ai.siralia 
laFmani.T
NiirthcHi Territory

Total contained qold
Refinery production

Nr-wiy won g. td
Aii.;lr.tlian pnqin
Overseas priq ri

Scrap
Ausirahan or q-n
Overseas priqm 

Total

8 6bfl 
’ 1 069 
R7 9 '9 

.'8
949 

36 509 
176 > • 
781.782

639 c.

■3 4i.O
349

779.314

10 :3? 
fi P’*

■• 4- •

. - 44

’* 9fc3

2 094
1 060

25 538

44: 065

•?8 CP
699.223

105 348
9 '99

21 '90
162 96R

’07 975
11 056

355
168 870

10? 522
11 3fc9
35 72b

178.209

2 83C 
2 801

19 412
441 

81 349 
11 954 
27 943

146.730

Mme production 
New South lAaiub 
Victorm 
South Australia 
Af'Stern Australia

EXPORTS

843.744
32 323
77 47?

630 020
103.929

897.705
31 637
84.383

717.287
64 398

256 192
8.292

24 017
201.799

22 084

217.530
9 439

19 999
170.811

17,281

185.752
9 059

10.149
154.007

12.537

202 053
6.638
9.711

148.806
36.898

58t .-iir 
’ ’C 9r'

138 69U
27 230

•53 4r ’ 
79 58’

HO 4d5
31 461

124.721
37,96€

’7 8lC
731

721,89'.

5 64,1
268

171.831

4 92b

166.030

4 253
552

146.701

3 639
27

166.353

‘ivpsum and anhydrite 
Ne.v Zealand 
Ph.lippmes 
China, Formosa 
0/her

Value

tun

$•000

247 078
84.317
52.317
38.515
71.929

1.104

186 259 
78.257 
42 171 
37.303 
28.528

1 006

71 041 
29.464 
33.010

8.190 
387 
303

45.pg 
22,793

41.175
24.245

44.830
25,322

8.028
14.308

203

7.877
9.053

237

17.983
1.525 

216

7



IRON
Quarters— 

1969* 1970*

i960 1969* September December March June J 968

PRODUCTION

Mine production
Mtni-rHir. jirodu* .»•«J

■ ••• und r nni »•iitrato ia) 000 tons 26,204
16.920

37,966
24.450

9.891
6.357

9.871
6,356

10.394
6,693

12.298
7,857

PRODUCTION

Quarters— 
7969’

1969* September December

ProdiK tinn Stales 
South Australia

i’(;n contpn*

Wei’ern <

N‘;rtb»’rn Territory
Total contained Iron

3.643
12.157

601
518

16.920

4,436
18 082

1,366
566

24,450

1.101
4,769

356
131

6,357

1.184
4.613

382
177

6.356

1.128
5.070

340
155

6.693

1,233
6,103

340
181

7,857

Mine production
Minerals produced 

Lead ore (a)
Lead content 
Silver content 
Zinc content . 
Gold content

009 102

I 02

51,461
3,337

745
738
37

41.773
3,387

69
2,335

23

13.200 
874

39
7 73

12.385 
750
26 
12

Iron and steel
pellets

Raw stfot (h) 
blooms nnd slabs

2,952
5,484
6,399
5,588

234

778 
6.010 
6,906 
5.951

277

1,525
1.489
1,730
1,500

69

1,496
1.552
1,789
1,546

76

1,399
1,387
1,576
1,349

74

1,292
1,469
1,675
1,404

63

lead concentrate 
Lead content 
Silver content 
Antimony content 
Cadmium content 
Copper content 
Gold content 
Zinc content 
Sulphur content

ton

'000 1 02 
ton

I 02 
ton

601,709 
367,487

77,773 
672

57 
3.683 

10,045 
33.053 
50.244

685.534 
420.879
20.732 

749
49 

3.756 
12,210 
35.206 
57.028

179.852
7 73,509

5.293
202

1,015
3.079
8.648

15.519

188.252 
713.344

5,570
180

74
979 

3,749 
9,249

74.499

IMPORTS

Ni‘w Caledonia 
Other

Value
Iron and steel

f errn alloys (exi I 
Terro-chromitim 

Value

000 tons

$'000

powders)

S'OOO

244
244

547

58 17

58
6 2

Lead-copper concentrate 
Lead content 
Copper content 
Silver content 
Gold content 
Zinc content 
Sulphur content

000 I 02
I 02

12,558
4,679
7,333
1,054

21.557
1.414
3.260

12.901 
4,580 
Í.378
1,054 

22.908
1.445 
3.374

3.047
1.085

334
248

5.398
341
780

3,495
1.160

384
287

6.606
391
940

LEAD

March

6 523 
660
50

484

153,242 
93,727
4,803

748
9

739
2.499
7.640

11,028

3.468
1.217

363
278

6,700
433
903

1970*

8.533 
657 

50
4B4

175,031
111,367

5,100
208

13
1.034
2.806
8.685

14.944

3,274 
7,136

334 
251

7,055 
453 
867

rrrroun.ing.inese 
Value

f nrro-molyhdeniinr 
Value

F erro-nickel 
Value

Terro-silicon 
Value

t)ther
Value

1 mi'Into
Value

S'OOO
ton 
S'OOO

S'OOO

S'OOO

S'OOO

S'OOO

3,487
977

10.482
2.631

163
464

1,103
517

6.227
923

1,956
889

8,438
1.651

5,877
1,448
6,352
1,308

131
398
775
514

7.600
1.180
2.138

567
2,593

511

1.619 
379

1.319
271
32 
86

308
140

1 565
250
366 
102
508 
131

1.901 
520
959 
200
48 

154
467 
374

2.516 
411
743 
203
790 
141

3.283 
623

2,057 
408
73 

233
880

2.164
2,557

476
746 
203
625 
109

2.763
672

1,684
360

91
268

1,184
3,472
2,635

532
649
229
755
135

l.ead-zinc concentrate {b) 
Lead content 
Zinc content 
Silver content 
Antimony content 
Cadmium content 
Copper content 
Gold content 
Sulphur content

Load content of minerals produced 
Copper concentrate 
Lead ore 
Lead concentrate 
Lead-copper concentrate 
Load-zinc concentrate 
.'me concentrate

EXPORTS

Iron
Iron ore and pellets

Japan
Other

Value

000 Ions

S'OOO

16,134
13.819
2.315

139,816

26.257
22.460

3,709
229.930

7.026
6.140

078
59 938

6 144 
6.997 
1.147

70 763

8.691
7.070

087
73.227

9.107
7,779
1.328

72,278

New South Wales 
Queensland 
South Australia 
Western Australia 
Tasmania 
Northern Territory

Tola) contained lead

000 1 02 
ton

5,373
7.788

447
767

t 02 
ton

3
27 

223 
589

16.452 
3.545
4,449

576 
79
76 
59
2

2.971

8.276
2.085
2.327

215
9
8

29

6.780
875

1,998
242

10
8

30

11,631 
2.817 
2.402

376

12,344 
3,652 
1,911

461

1.560 1.370

Iron and steel
Pig iron 

Japan 
Philippines 
Other 

Value $'000

241,869
200,370

14,130
27.369

8,925

368,913
328.975

14.213
25,785
16.271

131.262
121.124

5.329
4.809
6.420

Ing-Tls. bleon.s and slabs 
Value S'OOO

350,669
18.772

536 199
32,746

195.254
12.058

Scrap
Value S'OOO

Tinplate
Value

ton 
S'OOO

401,801
10,389
42,576

5.359

534.899
*4 494

159.005
4.455

Iron content o' iron ore exporte^' OOO tons 10.475

la) Iron oxide for metal extraction Ibi Includes recovery fror»'

57,413
7.704

t'.î2C

’8 321
2.528
4 547

39.657
28,422 

2,377
8,850 
1.965

35,685
26,220

2.056
7.409
1.884

104.479
92,425

4.704
7,350
4.726

Smeller and refinery productici
Refined lead (c)
Lead content of lead bullion for 

export

EXPORTS

93.521
6 398

78.464
5.778

112.124
3.524

103.238
4.098

76,741
6.697

134,057
4,971

Lead concentrate ton

16 771
2.442
5.372

11.258
1.649

10.004
1,447

U.S.A.
Japan
United Kingdom
Germany F.R.
Other

Value $'000

6.560 5.874

1.114
3.337

361.487 
4 f 79 
1.788

10.266

811
3,387

420.819
4,580
3,545

11.757

261
874

113,589
1 085 
2.085
3.215

156
750

113.344
1,160

875
3.162

212
660 

93.721
1,217 
2.817
3.016

293
657

111,367
1,136
3,652
3.264

249,488
116.679

43
311

14,910
1.240

382.671

280,363 
147.726

48
652

14,906
1.204

444.899

78.644
38.439

90
3.508

428
121.109

72.193
43,109

5
31

3.869
240

119.447

56.871
40.885

78,227
38.324

175.233

116.133

121,122 
36,362
29.006 
26,749 
16,632 
12.373
23.636

185.774

153.134

101.191
39,435
36.097
25.559

100
19,438

49.147 46.249

42.891 43.266

23.063
5.700
8.783
8.480

3Í.656
13.347
8,863
9.446

100
4,565 6.375

25
3,736

126
101.643

44,939

39,157

33.446
12,771
5,806

9.458
5.411
5.950

27
3,653

138
120,369

45.031

44,392

31.303
17,203
3,533
4,259

6,308
8.077

Continued over page
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LEAD
Oi/ar’er.?

1969* »970*
0‘iar-ers- 

1969'

I96fi tQ69* Spptpmbpr Dpcpmbpf ^farch J968 J969* Srpivmbef

EXPORTS (continued)
PRODUCTION

MAGNESITE

December

J970‘

March

I tukI bullior. 
IJniled hn'd'lnni 
Nnthftlunds 
Hvl(puin-t uxt iiitniurn 
Niirrnany f P 
nuiet

Value 
iti-tiricd le.ad, iinwi'iki'd 

Uiii'ed Ki'ddnni 
tl S 4 
India 
Philippine';
Netherlands
Nr-<v 7eiil,inil
Italy
Other 

Valin* 
n.illcil and (Txltiidod sh.at'es

Atiliriinnial lead

S'OOO

Vnhio

Value
Slags -ind lesidims

Value
I nad cantent nl c Dricenti ites,

S'OOO

S'OOO

S'OOO

5'000

S'oon

107.325
93,160

6.001 
3,420
2.736
2,000 

34.457
137.542 
60,975 
40,616
16.029 
4.204
3.449 
2,163
2.001
0.105

28.419 
888 
246

3.132 
797

t.927 
240

? 547 
618

135,60' 
112.790

12.020 
6.497 
1,501
2.7B9 

45,239
131 512 
.53,664
42,017 
15.692
4 439 
4.501 
2,668 
2.00>
6 531

32 022 
653

37 768 
.32.269

<498
1 000

38 481
32.032

5 44^

51.986
47.086
2.000

38.839
31.842

5.997

Mine production
New South Wales 
South Australia 
Wt'storn Australia

23 146 23 153

319

6 515
»- 4G4

51

5.876
5 876

5 432
5 283

49

5.507
5.421

86

lead cantent of lead bullion exported
92,850

106,547

'«I) Inr liirfcs lead silver and le.irl-/inc ores lb) Product ol d

LIMESTONE

1968

PRODUCTION
Mine production (a)

New South Wales
Viclori«, 
Oimcnr.lanrl
Soiilh Australia

000 tons

Wesl(?ir» 
t.(smania

Ausiralin

Coment. Portland

8.470
2,686
1.820

(b)
1 558

(b)
496

3,866

IMPORTS
and cairnreous stone

4 557 
1.375 
1 921

286

1.001
12 819
42 140
15..574
16 989

4 135 
681 
930 
636

1.000 
1.995

10.703 
183
59

1.21? 
378 
291

45 
731 
206

1.002 2.000 1 ooc IMPORTS

79.842
134,704

18.493
37 517

13.573 
37.009 
15 156 
'1.830
4 331 
1.403 
2.097

630

20,101
49,554
14,521
27.224
3.703
1.060

13,968
30,792
17.751
1,650
5.825
1.340

qrn-site calcined, de.ad burned 
Value

'i .finesitP raltined, other
Value

‘ * qru'site. other

S'OOO

S 000

S'OOO

24 .'08
1 260

1? 944
59:-

56

3.009
135
49

1.580 
G'' 
39

3.895
249

18

1.062
9 485

51
1 528

504
495

82
944
286

25.404
38.226

222
984

1.840
14.302

153
66

1.225
460
359

93
707
240

24.668
61.630

1.166 
984

2.076
8.554

295 
104

1.926 
67?
574 
131
790 
219

20 923 
30.5PO

■ I Int hirjp«; Io.id rnntpnf o1 iRrifl allov*^

Quarters— 
1969'

1969' September December

f97O*

March

EXPORTS

Value S'OOO 126

Í46S

PRODUCTION
Mir'e production

r.tineiiiis produced
Met.illurgical grade

^larigariesc rontenl
i'-iittfiiy q ada

Manganese dionide content
’'Iher gr.ides

Manganese dior^ide content
M.ing inf-Ri* ronfent of minerals

produced
Manganoao contained in

M(i!Hllurgic«3l grado

731.867 
.139 51'1

1 486
130

1969*

H74 56h

391
38

116
10

258 166
12

MANGANESE
Oi.'aT'«''-«

December

¡970-

March

?2B 70?
Wfl 53’

224 813 
’/Iff 778

181 834
88.249

205.765
R6.602

154 265 
’H*.

9.456 
2.908
2,025

{bl
1.773

lb'
550

4,240

2.517 
785 
591

443

123
1.172

2,420
725
526

'pl
137

1.119

2,206 
709
439

(b) 
402
ibi 

161
1,032

2.252
762
459 
lb'

446
Ibi

1.205

Zini' concentrate
Total contained manganese 

fhoduclion. States metallurgical 
grade ore;
Western Australia
tJorthrvn Territory
Total

■iinganeso dioxide content of
minerals produced 

Manganese dioxide 
in:

contained

51<*

345.09'3

4'5 ‘4.'
» 402

422 145

’Oft 53?
1 810

110 347

'Of).778
1 650

108.428

88.249
1.264

89.513

96.602
1.672

98.274

150.338
581 ‘’*9 
731 867

181 378
693 190
874.568

194 936
228,707

28,988
195 825
224 813

44 361
137 473
181.834

41.300
164.465
205.765

Other
V.aiiHT 

f ah iiim r.art)id(! 
Nor\Miy 
South Africa 
Other

Vniuo
I'emenl, Portland

Japan 
(Inited Kingrioni 
Other

V.aluo

S'OOO

S'OOO 
ton

S'OOO

EXPORTS

r omp nt, construclion.al 
VniuG

ton 
S'OOO

(fl) Inchidinq shell «and rnr.nl

IO

416.619 
416,611

8 
581

10.298
5,604 
4,694

510 996 
5Í0.996

109.810 
rpo

120.G86
120.686

101.640
101 640

131.526
13Í.526

813 
54.160 
36,212 
5,634 

12,314
1,104

713 
10.096 
5.945 
3,569

502
799 

70.953 
32.004
6.697 

32.252
1.380

153
11.292

722
570

98 
18.593 
9.375 
1.543 
7 675

372

167 
4 839 
2.315 
1.942

582
395 

19.044 
14,458
1.891
2.695

348

142
2.079 

695 
881 
503
164 

16,177 
12,375
1.614
2.188 

330

170 
1.604

870 
734

122 
23.761 
15.285 
2.060 
6.416

443

4,739
67

4 160
93

509
18

2.549
49

1.725
53

6.182
114

(h) Not available tor pubtiratinn

Battery grade
Other pradf.
Total contained manganese 

dioxide
i rodiiction, States- battery and 

other grades 
New South Wales
South Australia
Northern Territory 
Total

imports (.1)

Battery grade ore 
Value

Other grade ore 
Value

Metal and powder
Value

EXPORTS
Manganese ore 

Japan 
Other 

Value

134 457

100

100 185

24 
’86 
210

90
583
673

154
154

55
210
265

S'OOO

S'OOO 
Ion 
S'OOO

2.616
179

8.897
295
392
173

2,000
108

3.606
119
459
195

2.000 
108 

’.303
40 
89
33

877
33

152
70

980
54

1.843
28

209
104

1.109
34

203
91

S'OOO

555.743
316.921
238.822

10 827

642 760 
424.514 
216.246

11,644

163 357 
127.426 
35.929

2.887

187.069
114.212
72.857
3.361

110.728
103.935

6.793
2.127

119 992 
91.741 
28.251

2,091

3) Imports of ferro-manoanese are shown nn pace 8
1 1



MONAZITE
Quarters— 

1969* 1970*

Quarters— 
1969*

1969 1969* September December March June
1968 1569' September

PRODUCTION
Mine production

UI l/lt«} COIlf »'lltlil’.'l
Mtt'iiiri'e ronlf.'iif

F’ ofluclion; Slates
New South Wales
(Jiieenslnntl

2.055
1,849

3.794
3,420

1,013 
912

990
891

958
062

1,180
1.061

Wesleiii 
Total

Ausimi in

476
243

1,130
1,849

332
175

2,913
3,420

135

777
912

124
67

700
891

24
8 

830 
862

207
16

957
1,180

EXPORTS
M()iia7iUi ( Qip "Hfrale 

17 S A 
Other

Value S'OOO

2.575
2.505

70
348

2,652
2.203

449
329

649
620
29
82

59

69

510

510
68

1,545
303

1,242
213

NICKEL
Quarters— 

1969' 1970*

1968 1969* September December March June

PRODUCTION
Mine production

Nickel roni.i'nlrntn 
Nk'KpI ( onfeni 
('oblili content 
Copper content

36.880
4.603

121
538

91.929
11.004

105
1.241

24.644
3.034

30
342

36.317
4.303

29
447

39.771
4.250

45 
421

54,413
6.293

75
558

IMPORTS (a)
Nickel—

Piq'?. ingots and blocks 
Valuó

I’elh’ls, shot, gianulnled 
Valuó

I Pl troplating nnorfes 
Value

ton 
$•000

$'000

Î'OOO

1,477
2,879

261
489
176
480

1,255
2,785

196
503

357
781

22

464
P.TfS.

«4

221
700
58

232
34

234

494
2.003

3
37
47

450

175
693
20
52
24
84

PETROLEUM

December

PRODUCTION (Source: Fuel Branch. Department ol Nationa' Development.

Petroleum production
•ude oil

Natural gas
■'elinery operations

-.put ol feedstock
■ roducts 

nefinery gas (a) (b) (c)
; iquefied petroleum gas 
Aviation gasoline 
f,1otor spirit 
Power kerosine
Aviation turbine fuel 
lighting kerosine
Heating oil
Automotive distillate 
Industrial diesel fuel 
Furnace fuel (b) 
Solvents
Lubricating oil base stock 
Bitumen
Other marketable products
Refinery fuel—

Liquid 
Gas and coke (a)

IMPORTS

'/Hural crude
Value

•'nriched crude nnd other refinery 
’«edstock

Value
i.i.soline, solvents and other

etroleum spirits
Value

■ '..sine and aviation turbine fuel
Value 

.•omotive distillale, industrial and
marine diesel fuels and heavy dis- 
' llntes n e.i.

Value

1970*

March Jurte

000 bbls 
MM cu fl

'OOO bbls

'000 bbls 
S'OOO

000 bbls 
S'OOO

'000 bbls 
S’OOO 
'000 bbls 
S’OOO

'3,877
216

15.765
9.375

3,923
3.272

4,875
4.202

5.801
7,831

16,106
12.236

163,589 165,937 42.458 44.034 41.659 47.037

Value
Plates, sfu’ols and strips

Valilo
Pipos and tubes

Who
Vahío

Ppwdor
Valuó

Nickel-base alloys— 
llnworkod shapes 

Value

S'OOO

$'000

S'OOO

S'OOO 
Ion 
$'000

S'OOO
Pars, angle«?.

sections 
Value

Plates, sheets nnd strips 
Value

Pipes nnd tubes 
Value

Wire

shapes nnd

Value
Powder 

Value

S'OOO

5'000

S'OOO

S'OOO

S'OOO

238 
484

19 
64

389

126 10 101
31

296
14
45

R

• dual oils

.'Heating oil
Value

000 bbl--
S'OOO
000 bbls 

S'OOO
•000 bbls 
S'OOO

105
10

628
940

108 
247
154 
476

64
203
176
616

27 
128

(a) Imports of lerro-nickol ate shown on page 8
Note Details ol exports of nickel rnnrentrate me not available '

?fl
15
53 24 24

2
6

22
9

33
3

20

EXPORTS

189
447

136
390
211
643

57
187
216
712

36
310

48 
’69

23
80

35
80

53
141

lines, solvents and other
"iroleum spirits

Value
• -sine and aviation turbine fuel 

Value

'000 bbls 
5'000
'000 bbls 
S'OOO

3?

RS
197
22

58
195

8

25
85
43 
’34

19
57
50

164
13

124

28
93
51

174
22
79
38

166
6

66

38 
133
62 

234
8 

33

206
5

60

•■'iitomotive distillate, industrial and
marine diesel fuels and heavy dis-
■'Hates n e i

Value
‘'•sidual oils 

Value
'i'Hcatmg oils 

Value

000 bbl;-
S'OOO
'000 bbls 
S'OOO
'000 bbls 
S'OOO

' Fuel oil equivalent (b) Excluded retme'-y fuel

1.249
2,887

312
56,085

551
6,374
1,323
2,201

19,105
7.543

44,729
1,107
2.402
2,540
2,657

1,487 
3,334

219 
58.721

450 
6 764 
1.260 
2.744

20.982 
8.106

38 913 
1,355 
2,258 
2.692 
3.891

437
990

60 
14,631

83 
1.590

417 
1,068 
5,137 
2,248 
9,593

352
612
531

1,212

334 
823

34
15.124

105
2.027

351
463

5,660
2,190

10,811
340
625
785

1,000

282
739

64
14,771

104
2,010

144
338

5,244
1.815

10,386
299
644
784
946

329 
815

65 
15,817 

144 
2.428

357 
1.065 
5.979 
1.929 

10,291
342 
604 
664 

1,122

5.685
9,610

6.050
9.290

1,792
2.083

1.492
2.271

1,237
2,529

1,421
2,407

120,166
169,892

123.848
175.045

30,354
43.309

32,799
45,178

30.618
40.855

25.713
34,559

27.356
43.100

25,688
39,545

6.749
10.466

5,813
8,512

7,250
10,593

6,425
9.373

4,535
15,379

833
3,146

5 442
18,299
1,074 
3 941

1,263
4,518

446
1,606

2,027
7,185

219
822

1,245
4,056

97
353

2,015
6,609

85
306

1,265
3,610

922
1.522

347
3.664

2,597
10,075

910
3.720

1 79? 
:u467

2.818
6,291

621
6,707

1.886
5.210
7,437

10.225

479 
1,334

2.269 
3.050

645
1.686

229
615

752
1,800

26?
3,107

1.529
6.237

575
2,425

1,731
5,237
1,194
1 940

488
5.956

(c) Fo’ sale as fuel

47
601

411
1,604

146
607

359
1.075

166
300

88
1,144

2,174
2,918

62
789

1,600
2,080

94
924

1.348
1.788

45
659

462
1,936

212
930

206
866

612
1.914

232
370

93
1,151

314
1,150

487 
1,306
1,544 
1.791

211
2.208

554 
1,988

428 
1,500

697 
1,874

991 
1.280

273
2,777

13



«le

PHOSPHATE

PHODiJCTIOH

IMPORTS

SALT

I'.i 'I ih'!., 'j-t-n'.i

PRODUCTION

Mina iiKiiliK lion

'.hiii'iii'.IikkI
■.•.lllh A'rslinlht
Wii'ili’i II Aii'Jiiilhi

IMPORTS

•.nil. I lllllllKlII 
VllIlH’

rXPORTS

'.nil
Vithm

Id) Hill iiviiiliililo l< >1 piilihi iitli'ii

SILLIMANITE

PRODUCTION

Mine I ’I ixhii'lioo
S.Hilh VVtiloTi

'„■ulh Aii'.tiiUln

IMPORTS

SlIhiD.-tnltn

I I

t< II)
$'nnn

$'{10(1

S'OOO

-, 'ii 
t.744

3 1>.1

' e n a
Quarters—

1969*

502 552 1.033 771 1968 1969* Sepfember December

PRODUCTION

SILVER
/970‘

March

511
499

i9r.fi

099,704

610 827

7,0 10
1 19

224,854
854

1968

2,115
1,760

355

•58
36

z 74;
1.432

773

566 7i

Ouer'ers—

1965* 'A.-plemher

1,653,478 
fi.)

241 414
663.44? 

fa)

7,7?fl
121

701,643
2,703

1969*

1.674
1.113

561

302
10

26

230,819
819

'94
406 
^36

7C’

210

89
5 492

92 
7.510

d urn phosphate expressed

Mme production
Silver conlent of minerals 

produced
Bismuth concentrate 
Copper ore
Copper concentrate 
Gold ore 
Gold bullion 
Lead ore 
Lead concentrate 
Lead-copper concentrate 
Lead-zinc concentrate 
Zinc concentrate

'000 f 02 5

894

5
2 

1.071 2b7

1
1

2

265 244
3 

271

December

2,059
33

346,794
1,248

1970*

March June

Quarters-
1969*

December

411
314
97

269
156
113

6
1

n.a. 
n a. 
n.a. 
n a. 
n.a.

n.a.
n.a. 
n.a. 
n.e. 
n.a.

New South Wales
Victoria
Queensland
South Australia
Western Australia
Tasmania
Northern Territory

Total contained silver

Refinery production 
Refined silver

IMPORTS

1,987
33

2,300
37

Silver and alloys 
Ftil
New Zeafand
Other

Value

'000 1 oz

$'000

339,420
1.197

464,561
1,673

EXPORTS

1970*

March June

■ ’Iver, refined
Mint bullion 

Value
Refined, other

Value . . .
''■'er conlent of concentrate, matte, 
etc. exported

>ver content of tead buflion 
exported

'000 ( oz 
$’000
'000 f oz 
$'000

•000 I oz

354
302

52

201
201

209
145

17.773
1,054

167
1.143

159
169

20,132
1.054

516
1.448

38
40

5,293
248
215
419

34 
26

5,510 
287
242 
386

31
50

4,803 
278
376 
387

102
50

5.100
251
461
422

9.521

9,624

187 
1,748

312 
21,394

9,813

65
53
4
8

137

14,542
29.339
1,270
2,366

3.598

7.674

10,749

11.539

135 
1,744

289 
24,457

10,369

81
35
13
33

137

7,490
12,485

344 
571

3,382

9.743

2,995 2,828 2.350 3,108

3.005 3,364 3,289 2,964

41
406

94 
6,542

35
467

56
6,751

31
459
43

6,172

82 
442

67 
6.662

2,705 2,912 2,298 2,672

16
10
3
3

24

33
9

20
58

23
9
8
6

38

18
8
6
4

27

827
1.266

22
37

2,173
3,616

113
169

2.880
4,877

21
36

1.523 
2,792

380 
557

667 1.145 1,052 864

2.715 2.746 2,971 2,781
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SULPHUR
1970’ Quarters—

1969' Í970*

19f8 1969* March 1968 1969* September December March

PRODUCTION production

Mine production

• 1 ;-)n|r*nl 1

• ‘44 
• f.- 4

168
fl 2'4 ft.426

SI 48' 
2P.5fi'

M, a production
•.ii« produced

; » r iin concentrate
■: per coriierit

New S"-'»' Wall". 
(JiH'erishtnil 
Smith Aiis’r.ili.i

Total contained sulphur

Sulphuric add production 000 ions

14

’ '9.'
-4 «-

.t • 9» • 
ft-’

• 0”

349 990

1 860

. ■ 9’
8.?3f.

403 447 107 2?5

1 837 413

IMPORTS

-■".rf'rt • '.I'.

noicr
Value

315,400 
119 342
no,6*^4 
23 157

205 »."S 
51 7'9 

1'>^ 8?' 
?ft 973

0

’4 49R
94P

’t 028
903

1- 4?b
977

4 3‘

9 8’’
239

98.124

4 7 882
17 475
‘ 738

631
10,471

137
82 334

483 470

TALC (ci '

1968 •QfQ.

PRODUCTION

Mine p'Oduction 
New South Wales 
South Australia 
Wes’ern Aii^’’'i a

38 280
? S87

49 267

IMPORTS

' ,Tir
C*h.'>a iMa n:ond. 
(I S A 
>ndia 
O'hei

Value ’000

3 533 
2.403

462 
425 
243 
117

■ '94 
9S4 
435 
210 

65

EXPORTS

Tate

10 320

9

13:

14 944
86’

rn 567 
7 1 ?2f

♦>? 28-'
18,9 <•
5,032

2Vr4’

107 616

382

TIN

Netner'anas
Pelgibm-Ltixembobrg
Other

Value $•000

24.932
18.725
3.024 
3.233

1

33 599 
?f.P85

11.714
86^

is) Includes steatite, chlonte, etc ih} No* available for pub ' t

16

10 203
6 JJ5

.* "8

f'd PR6 
‘0 4^^ 
. '.87g

36

20 726
332

8 094
•2 300

.'bP

¿33 
20
15 
•8

’2 416
5.228

■ 188 
31t

’ ■ confenf
• r = :e-iin concenltato 

JaritBlile content
( ontent 

concentrate
’ !' coritent

- ’.or ;
South Wales 

’■ r ifl 
. •. t nsinnd

Stales, tin content

377
169
60

38’
IP,985

33Q3
570
159

1,019

3S

833
156
31

896
796

44

901
205

46

10 420
6,47’

13,072
7 94'

3 273
2.075

4,083
2,329

3.529
2.014

3,698
2,171

■ -tern 
,'”iania

Australia

■•hern Territory 
Total contained tin

Refined tin
and refinery production

IMPORTS (a)

• 448
64

1.249
624

3.126

6 537

3.692

’29 230 
»05 108

22
1? 7PQ 
^njii
? P60

73 5‘.- 
-i'’,394 

P.292
1 ’’ 83f 

3n

1 Im
. a lue

ton 
$000

159
448

f97P*

Marrh June

EXPORTS (a)

jncunirate
. Hue
' alloys, unworked

. .1 ue
tt-nt ol coricentrates exported

S'OOC 
ton 
$•000 
fon

5,366
7,574

234
592

3,135

nnd ovPi'’’r‘as tr<TrlP

PRODUCTION
• ne production

■ - • rals produced

details ’■'f

196fi

12.265
1 114

11.151

19.303
3 34?
7.527
8.434

concenlrale
Tuariium dioxide coriten! 

• ucoxene concentrate
T'’an/um dioxide conlent 

j’.mc concentralo
7 amum d.oxide content

dioxide content

551 501
JOI.069

1.607
1,444

207.617
276.207

858
393
130
329

6
43

9.221
5,805

3,416
233

1 012
96
83

758
73
45

6.760
2.055

4.705
177

of minerals produced
Itanium dioxide contained in 
Ilmenite concentrate 
, eucoxene concenlrale 
Rutile concentrate

Total contained lllanium 
dioxide

• reduction: Stales
m Ilmenite concentrate Cai

New South Wales
Queensland
Western Australia

Total
Rutile concentrate

New South Wales
Queensland
Western Australia
Tasmania

Total ....................

301.069
1.444

276,207

578.720

ton

ton

5.282
2.040

295.191
302.513

185,209
90.184

814

276,207

1 520 
9

1 144
502

4 902
29

8 106

4,156

104
323

5,915
8.642

632 
1.876 
3.524

•• I'.iQ" P

294
2 

380 
107 

’.241
9 

2.113

445 
6

341 
69

1,485 
14

2,360

386
2 

273 
167

19
2,058

444
2 

378 
194 

1,184
15 

2,217

1,135 1,018 1.025 1,459

24 19
61

32
110

28
99

1,218
1.813

182
561
722

1,821
2,774

91
275 

»,11»

2.456 
3,567

83 
247

1,258

1,532
2,236

272
824
780

TITANIUM
Quarters— 

1969' 1970*

1969* September December

701.172
380.219 

? 970 
6.996

356.339
341.986

380.219
6,996

341.986

729.201

5.174
12.121

369.920
387.215

217,354
117.796

1.903
4,933

341.986

March

179,179
97.554

1 971
1.731

91.776
88,076

200,048
107,691

2.470
2,143

94,429
90,819

192,854
104.513

2,522
2,420

83,715
80,336

200,008
7J0.340

2.387
2.094

94,729
90,917

97,854
1,731 

08,076

187,661

1.279
267

93,039
99,585

54,779
31,263

527
1,507

88.076

107,691
2,143

90,819

200,653

1,385
11,234
97,215

109,834

54,883
33,395

713
1,828

90,819

104.513
2.420

80,336

187,268

1,325
13,319
89,869

104,513

49,929
28,071

566
1,770

80,336

110,34)
2.094

90,917

203,351

1,047
6,893

102,137
110,077

57.764
31,083

436
1,634

90,917

Corrtirrued over page
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TITANIUM (continuedj
Ouarfers —

1969- 1970'

1968 1069' September December March Jurie

IMPORTS
ZINC

Titanium oxide

Value
Hutiif

Value
Titanium white pigment

Value

ton 
$'000 
ton 
S'OOO

S'OOO

480 
180
832 
329
215

95

522
185
662
304
146

70

158
54

172 
02
30
15

70 
28

173 
75 
66
32

20
10

172
79
41
23

136
53 

109
62
46
22

EXPORTS
llrncni!«! r.onf vrittalu la} 

tyrii.'» (I Kingdom

.In tan
H A 
Other 

Value $'000
Ibilil«' (orii.t-'iiltatc

L/ S 4

PRODUCTION

M.ne production 
rrals produced 

.’ nc ore 
7iiic content

1969- 1970'

’56S’ SfT'f fTiüCf Deceniber March

United Kingduni
Other

Vai UP $'000

395,911 
154,593 
120.210
67.412
29.999
23,697

4.090 
284,995 
146,900
30,613
23,794
16.582
67.106
21,865

566 520 
230.951 
110.071 
119.222
36 688 
69 588

6,032
299 113 
150,344
28 867 

2 672 
31.04^ 
86.183
25.A91

104.923 
52 633 
14.710 
24 785

270 
12 525
1.100

00 926 
43 666

6.324 
637

11.964 
’8,335

7,263

157.394
47.624
25.256
48.919

7.392
28.203

1.650
85.454
43.814

8 659
2.005
7.580

23.396
7,235

144,673
65,374
12,829
24.516
41.693

261
1,591

78,797
44,166

6.816
25

4.579
23.211

7.152

182,624
42,211
34,697
77,265
18.337
10.114

1.691
101,372
40,945

8,635
10.002
14.129
27.661

6,192

2.700
810

fl 500 
2,550

i( Icinoxme f onr

TUNGSTEN
Quarters- - 

1969’ 1970'

1968 1969' September December March June

PRODUCTION

Mine production
Minerals produced 

Scheelite concentralo
Tungstic oxide fWO..) content

Wollram concentralo
Tungstic oxide tWO.,) content

Tungstic oxide (WO ) content of 
minerals produced
Tungstic oxide contained In
Scheelite concenlr«nte

Queensland
T asmania

Total contained In scheelite
Wolhani conc(?nlr«ate

New South Wales
Queensland
Western Australia
Tasmania
Northern Territory

Total contained In wolfram
Total contained in tungsten 

minerals

ton 
arili

EXPORTS

Scheelite concentrate
Value 

Wolfram concentrate
Value

¡Tungstic oxide (WO} content ol 
concentrates exported

In scheelite concentrate
In wollrarri concentrate

$'000

$'000

unit

18

1.465
105,43?

559
39 060

105.432
105 432

43
2,600

34 
34.615

1.768
39.060

144,552

1,434
3,532

497
1,294

132.173
97,520
34,653

1 530 
109.242

884 
62.599

109.242
109.242

36
17 570

43 910
1.083

62.599

171.841

1.601
4,361

799
2,412

165.012
108.923
56.089

275
19 729

211 
»5 124

19 729 
19.729

4.480

10,644

15,124

34,853

371
1.088

181
551

38.171
25.255
12.916

444
31.901

261
18.735

664 
31.237 
31,901

4,270

14.465

18,735

50 636

361
1,083

244
785

41,000
24,576
16.424

315 
22,554

251
18.099

22,554
22,554

3,500

14,599

18.099

40,653

267 
824
218
812

34.023
18.320
15,703

330 
23.476

294 
21,153

23.476
23.476

4,690

16,463

21,153

44,629

410
1,230

336
1.442

51,631
27.900
23.731

.'me concentrate 
2/nc content 
Lead content 
Silver content 
Gold content 
Cadmium content 
Cobalt content 
Copper content 
Manganese content 
'yi.tphtir content

i.oniont ot minerals produced 
Copper concentrate 
ii'iid ore 
: end concentrate 
lead-copper concentrate 
lead zinc concentrate 
fine ore 
.’<rr concentrate

'iO'H South Wales 
Queensland
•'iith Australia

l.ismania
’iorlhern Territory

Total contained zinc
Smelter and refinery production 

Relined zinc

EXPORTS

concentrate
'»ted Kingdom 

apan
'•‘nrviay
Other

Value
‘ nety-type shapes 
C S A.

Ihailand

Value

■'•s. circles and 
Value

"19 and residues 
Value

strips

content ol ores and
‘rates, slags, 
exported

residues.
concen- 

etc.

000 I or 
f or

718 311 
377.142

10.266
1.143
4 34’’
1.299

114
911

5.580
224 105

ñfd fl?'- 
454.176 

'1.757
1 448
4 721
1 595

135
936

6.402
270.4'9

241 715
127 254

3.215
418 

C052
456

36
243

1 810
75 712

222 291
117.021

3.162
386

1.167 
416

32
235

1.650
70.101

187,241
98.101

3.016
387

1.320
341

29
207

1.264
58.977

224.101
117.546

3.264
422

1.364
405

33
245

1.672
71.226

ion

S'OOO

Ion

$'000

ton 
$'000
ton 
$’000

ton

2.124
730

33.053

441
810

377.142

1 687
2 335

35 206
1 445
4 449
2.550

454 176

350
173

6 648
341

2.327

362
12

9.249
391 

1 998

434
484

7,640
433

2,402

415
484

8.685
453

1,911

127,254 117.021 98,101 117,546

280.219 
04.090 

010
48.739 

1 064
415.722

204.992

321.027 
165,105
87.026 
22.627 
46.269 
21,660
97,177 
18,609 
16.361 
11,260 
50,947
22.597

245
133

8,353
394

177,319

343 480
104.018

2.550
50.207

1.593
501.848

242.433

363,885 
174.809 
128.790
19.752 
40.534 
25,808

138,336 
30 857

5.049 
10,821 
91.609 
33.454

250
121

5,472
375

200,108

100.546
26 159

11 839
549

139.093

65,471

73.579
45.680
19.626

8.273
5.679

40.779
6.058

978
2.343

31.400
9.969

120
64

1,368
91

40.768

88.385
27.227

68,397
28,232

88,426
28.186

12,770
651

129.033

12,705
160

109,494

12.744
138

129.494

63.596 61.990 66,619

102,987
40.275
48.211
14,501

7,058
35,756

8,145
1,453
3,637

22,521
9.041

62
27

1 979
134

56.855

127,446 
58,726 
31.299

9.000
28.421

8,791
39.086
10.009
2.090
4.169

22,818
10,103

69
757

64

68,948

127,015
51,452
59.387

16,176
8,976

36.879
3.083
5.992
1.964

25.840
9,684

66
28

1.580
108

64,380
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ZIRCONIUM
Quarters— 

7969* 1970*

MINOR MINERALS

1968 1S69* September December March June

O..'ar.'efs
7969- 1970'

19bR 1969* Seplemoer December March June

PRODUCTION

Mine production
•.’■'«•rals produced

.'■fcon concentra''' 
Zircon content

294,195
290,919

369,296
356.602

96,592
95,632

92,740
91,593

84.027
82,951

93,110
97,359

Production Stalos. ?i(con romei»;
N'-w South Wall'«.
Queensland
Western Australia
Tasmania

Total contained zircon

184,431
78,986
27,502

290.919

219.062 
81,715 
49,861

5,964
356,602

f*7.103 
22.637 
13,946

1,946
95.632

53,741
22,824
13,169

1.859
91,593

49.403
18,289
13,315

1,944
82,951

55,380
20,801
14.107

1.071
91,359

EXPORTS

■ 1(1 concentrate

U.S.A, 
tliiited Kingdoni 
I rance
Other

Value $•000

266.121
59.136
57,446
39.779
25.406
64.354
11,013

311,242 
70,907
74.255 
34,679
23.627

107,574 
12,379

60.419
20,975
70,623
2.060
9.672

17.149
2,505

95,814 
18,720
25,908
11,280 
3,821

36,085 
3,743

81,532
34,576
11,201
4,481
6,033

25,241
3,166

108.584 
35,589 
25,036
9,521

12,166 
26.272

4,038

CLAYS

'Oduction 
clay and shale '000 tons 6,422 ■/.807 1 062 1.776 1.597 1.768

p,. , ,riite and bentonitic clay 
- alue

<. ^ball

. and earths, activated 
aluG

white
, alue

Value

Fa;
C'.'iys (except activated) 

Value

COBALT

5'000

S'OOO

$'000

$'000

ton 
$'000

$'000

ton 
$'000

43,810
984

’8,349 
410

5,461
419

25,549
620

4,991
173

12,379
548

3,714
158

58.155
1,123

18.641
44R

7.251
517

24,276
627

4.749
112

12,969
590

5.960
165

18,394
304

15.593
342

6,800
181

30,883
524

5.655
133

1,468
124

7,658
206

425
18

4.168
186

1.565
38

5,676
145

3,061
84

4,071
112

1.543 1.298
104

993
93

8,404
196

9,583
191

8,594
284

396
16

1,868
69

2.321
82

4,841
234

2 926
116

6,826
206

1,419
38

1,373
49

1,280
39

MINOR MINERALS
Quarters—

1969- 1970*

1968 1969* September December March June

production
Cct'alt content ol minerals 

produced
Cobalt contained In 

Nickel concentrate 
Zinc concentrate 
Total

114
235

105
135
240

30
36
66

29
32
61

45
29
74

75
33

106

BARITE

pioriuction ton 39.155 39.56? 304 18,699 4,923 15,419

Imports (including 
Value

witherite)
$'000

1,619
52

2,616
101

321
8

833
49

686
20

320
10

Exports
Value

ton 
$•000

19,564
789

23,995 
81?

7.268
195

3,033 
108

3,923
155

1,568
71

BERYLLIUM

Mine production 
PeO content

ton
unit

15
778 67

2
17 10 5

Fxports
Value $'000

135
53

9
6

2 76
7

BISMUTH

Mine production
Bismuth concentrate 

Bismuth content 
Gold coment 
Copper content 
Silver content

Ib
1 oz 
ton
000 f or

1.553
403,200

27,535
730

5

1.678
44 7.205
22.330

738

524
747,768

4,989
38

386
117,824

5,232
30

540
729,472

4,287
35

2

287 
83.652 
4,402 

16

Cobalt oxide and hydroxide 
Value

)balt and cobalt base metal
-illoys (excl. powder)

Value

CRYOLITE, NATURAL

■'ts (including chiolite) 
Value

diamonds, INDUSTRIAL

!S
Value

■s (a) 
Value

DJATOMITE

production

'ts
Value

ton 
$'000

$'000

ton 
$'000

carats 
$'000

carats 
$'000

ton

S'OOO

31
101

73
285

201
38

369.931
2,725

60,097 
340

6,725

5.126
334

14
2
6

2
6

21
97

70
270

266
59

815.554
3.021

53.837
328

2.374

8,300
505

61

58
12

279.563
863

11.564
105

857

3,286
155

19
76

65
18

231,544
937

15,799
88

782

1,584
109

29
133

87
17

224,786
910

44,108
180

560

1,827
121

13
56

55
12

225.707
917

11,970
96

705

1,147
86

Imports 
Bismuth metal

Value
Ib 
$'000

31,997
118

32,189
147

14,470
63

7,035
42

2,830
21

7,718
57 C'.>LOMITE

production ton 316,731 291.838 77,000 76,841 80.854 81,097

20 Excludes powder and dust. 21



MINOR MINERALS
Orrarfers—

1969' 1970'

196B 1969‘ Sepicriiber December March

FELSPAR

4.838 4 937 449 1,255 583 983

FLUORSPAR

Imports
Value $'000

14,921
518

20,022
667

3 081
115

3,249
116

11,364
368

2,170
79

Summary Tables
KYANITE

Imports
Value $'000

1,776
75

3,240
229

608
35

1 501 
124

2.215
127
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LITHIUM
Util! 01

Qtaflers 
•969" ’57C-

Mino proriuclKin
I ilhiiim

un/i
738

3.772
710

2.982
86

361
300

1.261
244

1,025
135
567

V'neral Quantny 1968 1969* ~ecemb(‘' June SepJember

MERCURY

Ardirieiy prodiiclinri
Imports

Italy

Other
Value

lb
lb

$'000

4 099 3.625 895 655 899 780

3Ì8CK coal
Br-z.ii coal
CoiP*’ la)
Gold (a)
Iron ore nnd concentrale (b) 
.efd a)

’000 tons

ton 
000 1 oz 
000 tons

MICA

Imports
Slab, block m sheet

Value
•Splittings (not rut nr stamped)

Value
Ground Of jnilveriseri

Value
Other

Value

■000 lb 
$'000 
'000 lb 
$'000
'000 lb 
$'000 
■000 lb 
$'000

PLATINUM and PLATINUM GROUP METALS

Imports
Ingots.

Value 
Powder

Value

titocks, pigs.

Wire
Value

oz 
$'000 
oz 
$'000 
02 
$'000

POTASSIUM

Imports
Potassium chloride (fertilizer grade) 

Value ............
Potassium sulphate (fertilizer grade) 

Value

$’000

$'000

TANTALUM AND COLUMBIUM

Mine production
Tantalilo-columbile concentrate

Ta O Nb 0 content
lb

Exports
Tantalite columbi to concentrate

$'000

104,549
68,144
9.925

26.480
714

63,192
26.222
10.220
26.750

381

18,335

t.673
16.662

110

17,948
9.109
8.515

324
101

20,025

7.602
12.423

121

20,582
761
761

19.060
118

Cinese ore. metallurgical

I

37
83

172
91

859
60

1,422
31

32 
65

215
124
436

38
1,244

34

2
5

59
31

169
11

299
7

5
17
34
25

185

365

9
17
31
20
42
14

348
9

6

30 
IB

146
15

201 
8

6,426
436

11,001
155

1,841
205

9,655
635

6.250
35

3.017
288

2,354
143
20

2,407
161

21

726
50

800
75

2,517
152

40
2

668
44

4,012 
254

75 
3

418
43

I

121,834
3,044

14,046
527

238,134
56.179

59
212

107,075
2.435

14.594
645

340,631
89.927

90
305

22,870
497

5,617
260

37,856 
'3,353

17
57

28,891
647

2,909
135

76,698
18.907

27
81

47,109
1,237
7,978

325

11,308
303
580

27

2.912
925

49,818
73,466

42
131

20
77

NickL'l (a)
•'riijicum— 

Crude oil 
Natural gas

Sil.> r (a)
Tin (a)
’iinnium—

i ” ••nite concentrate (c) 
h -riie concentrate

Tunq'.ien concentrates (d)
7".. .fl)

'll concentrate

000 bbls 
MM cu ft
000 f oz 

ton

unit 
ton

’ 'al mplallic content of minerals produced
tri} Ttinqstir oxide cnntpnt

4 87" 
40 183 
22.971 

’0'906
787 

26.204
382.671 
■31.86"

4.603

■ “96 
4-1 40.’ 
22,911 

■28 90'.

37 96^’ 
444 899 
874,568 

11 004

? ?'14
• 1 820

5 322
••.3 329

•69
9 8“1 

•19 447 
724 81?

4 303

1 747
■: 772
5 '08

3.2."31
•78

10 394
101 643
181 834

4 O.SO

2.192
12.470
6811

36 181

’2 298 
120.369 
205.765

6 293

2 704
13.319 
G.629

35.451
140

13,447 
116,338 
223.579

8 442

13.877
216

21 394
6.537

9,375 
: 1 45"

3.106

4 87::
4 20?
6 751
2 360

5,801 
7.831
6 172 
? 058

16.106
12.236
6,662
2,217

19,630
17,002
6,393
2-288

551.501
287,617
144,552
415,722
294.195

70!.172 
353,642 
171,841 
501,848 
356 602

J00.Ú48 
94.429 
50.636 
’29 03j 
92 740

192,854 
83 ’15 
40,65j
’09,494
84 027

200,008 
94.729 
44,629

129.4b4 
9.3.110

207.578
78.140
33.621

129.145
77.455

fh) Exrlurte': • nr' (ntei d'-rt ‘ ■' ir) Fxrlijdos

SMELTER AND REFINERY PRODUCTION OF
PRINCIPAL METALS: AUSTRALIA

Unit ol

Quantity 1968 1969'

Oi/arfers—
1969-

December

1970'

March June Seplember

A mum (refined) 
Ca'? um (refined)
CcÍ r (blister) (a) 
’■ ■ ' (refined)

'refined)— 
'trnlinn origin

ned (b) .........................
I' ■ content of lead bullion 

export 
iron

Rp steel (c) 
r (refined)

y ■ (refined) 
(refined)

ton 1,288,776 
95,810 

465
92,454 
84,269

1.900,519
124 423

562
114.349
99.261

5C/.779 
36.760 

151
29.547 
26.151

462.919
48.495

147
24.575
27.842

514.603
49.080

168 
24,685 
26.512

551,780 
51.413

148 
28,507 
27.551

•QOO f 07 639
766

586
703

153
183

110
142

125
163

112
141

ton 175-233 185,774 46,249 44,939 45,031 43.131

000 tons

•000 f oz 
ton

116,133
5.484
6,399
9,613
3,,692

204,992

153-134
6-010
6,906

10,389
4,156

242,432

43,266
1,552
1,789
2,912
1.018

63,596

39,159
1,687
1.576
2,298
1,025

61,990

44,392
1.469
1.675
2,672
1.459

66,619

46.331
1,575 
1,728 
2,315 
1,221

66,086

•' Total production for refining in Australia 
includes recovery from scrap.

and overseas. (b) Includes iead cnr ien‘
ot lead alloys from primary souices

Particuiars of crude oil and natural gas ।
collected by

-• • u.u^u.aio UI uiuuc u.i nirkel sHver, tin
’ed aluminium, cadmium, copper, lead.

and Zino

r ..I n-anrh Department of 
F“®' by the Bu-pau

National Development and 
ol Mineral Resources


