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SUMMARY

Persistence of unfavourable economic conditions made for a difficult year,
slowing advance of the Delta project. Falling sulphur price deterred
investment in the venture. The fall is occasioned by reduced fertilizer
demand, by overseas rise in recovery of sulphur, dioxide and acid from
industrial wastes, and by Russia's excess production of the elements and
its compounds.

Cottesloe continued its search for additional partners and financing for
the enterprise. Representative of the Corporation and its affiliates held
discussions with candidate companies in New York, London, Johannesburg and
Sydney. Nine organizations were approached. Negotiations with one are in
progress. Two are reviewing proposals.

In the long term the venture's prospects as a domestic sulphur source
remain attractive. Fertilizer consumption has to grow again if
agricultural output is to return to former levels. Australia and its
neighbours have essentially no deposits of brimstone or sulphur-rich
natural gas. Nearest sulphur suppliers are the Middle East and North
Aml?rica. Continued reliancE' on them carries a premium in the form of
mounting freight and insurance costs. Moreover, importing sulphur swells
both spending abroad and the Nation's foreign debt.

Delta exploitation offers extra inducements locally. A commercial
venture, mining the deposit and abstracting its toxic components affords
the only fast, financially feasible way of making good environmental
degradation the region has suffered. Mt Lyell's poisonous tailings which
now clog the Queen River and lower King, form the Delta and continually
pollute the entire northern two-thirds of Macquarie Harbour will take at
least a century to disperse, if left to erosion alone. Implemented, the
Delta venture also will provide employment for miners destined to lose
jobs when operations at Savage River and at Mt Lyell end in 1995 and 1996.

Under the new two-stage plan dt""edging and processing of the inshore
fourteenth of the Delta mass will remove exposed and upper parts, opening
the Queen/King river system to allow natural flushing of tailings now
blocking the valleys. Cleaning dredged sediment before transferring
residue to the Harbour's deepwater floor south of the Delta will yield
575,000 tonnes of pyritic concentrate worth some A$63,000,OOO at the
prevailing North American price. Bonuses should result from copper,
cobalt and gold the concentrate contains.

Phase two of the exploitation plan calls for retrieval and treatment of
the remaining 93,000,000 tonnes of Delta sediment to yield 5,500,000
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tonnes of concentrate. Elemental sulphur is to be produced from it. Some
of this will be combined with byproduct copper, iron and cobalt to form
compound chemicals copper sulphate, ferric sulphate and ferrous
sulphate for example.

Continued study of this last step shows that 87,000 tonnes of the
monohydrate form of copper sulphate could be produced: current value,
A$250,OOO,000. Annual production over a 15-year mine and plant life would
meet a quarter of the estimated present demand of Australia and its
nearest four neighbours.

Hydrometallurgical means of extracting copper and cobalt from Delta
material are being investigated. In preliminary tests commissioned by
Cottesloe, 44% of cobalt and 30% of copper found in spiral concentrate of
Delta sediment were recovered in 4 hours, using a 20% nitric acid solution
at 40·C. Other tests will examine effects of prolonged leaching in weak
solutions at room temperature. Bulk sediment will be leached too,
allowing percentage and solubility of secondary copper, plating non­
sulphidic fractions of the sediment, to be determined.

One other avenue to be explored concerns bio-oxidation, to extract Delta
sediment's cobalt. In Africa, bacteria arE" being employed to remove
cobalt from pyritic tailings of a defunct copper mine. The recoverable
value of Delta cobalt is A$164,000,OOO, assuming bioleach of pyritic
concentrate extracts half the sediment's total Co, a metal price at the
historical average of US$12/1b and an exchange rate of A$1.00 = US$0.70 .
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Early in the report year application was made for extended tenure of
Retention Licence R 8804 -- that covering the King River Delta deposit.
After exchanges concerning possible modification of licence terms, renewal
was granted. The licence is valid until 3 February, 1995.

A number of reports were produced during the year, specifically a detailed
annual report, two interim reports summarising progress in Quarter 4 of
1991 plus Quarter 1 of 1992, and in Quarters 2 and 3 of 1992. Returns
were prepared for the Australian Bureau of Statistics each quarter~

Tax statements and audited accounts were drawn up. AGM, directors
meetings and other internal administrative matters also were attended to.

Project expenditure for the twelve months reviewed totals $36,560 .
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In the laboratory a number of leach tests were conducted. They were run
on unmixed spiral concentrate of material representing the inshore
fourt~~nth of th~ mass of th~ King D~lta prop~r. This rough conc~ntrat~

runs 2,400 ppm Cu, 470 ppm Co and 19.9% F~.

Concentrate was leached over a variety of time spans using several
str~ngths of nitric acid and sulphuric acid. Amounts of copp~r, cobalt
and iron extracted were measured. Results appear in Tables 1 and 2.

Sulphuric was used because this acid can be produced in quantity, at low
cost, from Delta pyrite. Metal recoveries obtained in tests employing
sulphuric acid prove too low to warrant mor~ work with th~ r~agent.

Nitric acid may hold som~ promis~. In on~ t~st it ~xtract~d all copp~r

pr~s~nt and two-thirds of th~ total cobalt. At short~r l~ach tim~s

b~tw~~n 30% and 55% of th~s~ m~tals w~r~ r~cov~r~d. A disadvantag~ is
that in most t~sts th~ acid dissolv~d n~arly all or all iron th~

concentrate contains. Extraction of iron is not required: solution of it
increases acid consumption unnecessarily.

L~ach t~sts using nitric acid also should be run on bulk sampl~ from th~

Delta. Such leaching may recover copper believed to occur as thin
surficial films of cov~llit~ and/or chalcocit~ pr~cipitat~d indiscrimi­
nat~ly throughout th~ s~dim~nt, commonly on th~ non-sulphidic graIns
comprising approximately 94% of D~lta material.

Oth~r l~achants possibly worth inv~stigating lat~r ar~ hydrochloric acid,
ferric chloride, potassium chloride, sodium chloride, hydrogen peroxide,
ammonia, and caustic soda .

Information not availabl~ wh~n th~ 1991/92 annual r~port was pr~par~d

sinc~ has com~ to light. It conc~rns s~paratory t~sts run on D~lta

mat~rial in 1991. In the flotation t~st r~f~rr~d to at pag~ 4 of that
r~port s~paration was mad~ in an Agitair 500 laboratory c~ll using a 2­
litre vessel and these reagents

sodium ~thyl xanthat~ 0.3 kg/t
potassium amyl xanthat~ 0.2 kg/t
m~thyl isobutyl carbonol 0.15 kg/t
sulphuric acid to giv~ a pH of 4.5
flotation time: seven minutes at 20°C.

2
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Table 1. Acid leaches at 40~C, King Delta spiral concentr-ate

Percent
Hrs Leach Recovery of head extracted

ppm Co ppm Cu % Fe Co Cu Fe

4 20%HNO" 210 720 9.5 44.7 30.0 47.7
9 " 260 1120 15.2 55.3 46.7 76.4

25 310 2400 19.9 66.0 100.0 100.0

4 50%HNO, 230 1240 16.8 48.9 51.7 84.4
9 " 250 1680 17.8 53.2 70.0 89.4

25 265 2400 19.9 56.4 100.0 100.0

• 4 20%H"SO. 3 155 <0.1 0.6 6.5 <1.0
9 30 240 2.2 6.4 10.0 11.0

25 34 310 4.5 7.2 12.9 22.6

4 50%H"SO. <1 35 <0.1 <0.1 1.5 <1.0
9 1 200 1.4 <0.1 8.3 7.0

25 9 260 1.7 1.9 10.8 8.5

Table 2.
- ,

King Delta spiral concentrateACId leaches at 80 C,

Percent
Hrs Leach Recovery of head extracted

ppm Co ppm Cu % Fe Co Cu Fe

4 20%HNO, 370 2400 19.9 78.7 100.0 100.0

• 9 460 2400 19.9 97.9 100.0 100.0

4 50%HNO" 290 2400 18.8 61.7 100.0 94.5
9 350 2400 19.9 74.5 100.0 100.0

4 20%H"SO. 30 210 4.8 6.4 8.8 24.1
9 30 300 5.7 6.4 12.5 28.6

4 50%H"SO. <1 30 2.2 <1.0 1.3 11. 1
9 <1 40 2.4 <1.0 1.7 12.1

3
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With respect to ignition-loss figures for sink and flat products of the
sulphide separation, discussed at page 7 of the report, it appears
temperature of the test is high enough and is sustained long enough to
vaporize all sulphur, rather than the labile half of pyritic sulphur
alone, as had been considered. Total sulphur amounts to 37.2% of flot
product mass. Of this, 36.52% occurs in pyrite, the remaining 0.68% being
distributed between small quantities of chalcopyrite, sphalerite and
galena. Water and oxygen loss in converting limonite to magnetite during
ignition comprise a further 0.1%. These losses and that of all sulphur
are partly offset by a mass gain of 11.93% representing oxygen combining
with pyritic iron to form magnetite. This explanation leaves a bare 0.12%
unaccounted for out of a mass loss on ignition totalling 25.25% •
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Cottesloe continues to assemble information on valuable components of the
Delta and on elements ultimately recoverable from them.

Sulphur Data on this element were obtained from The British Sulphur
Corporation and other sources.

Near-recessionary candi tions throughout western economies have reduced
many commodity prlces. One result is curtailed agricultural output.
Fertilizer demand has dropped sharply in consequence and has fallen
further because of lower application rates, widely adopted as a way of
minimising financial loss many farmers now experience. Australia's
consumption of fertilizer materials has dropped some 55% to levels not
recorded since the 'fifties. In response to growing inventories reported
by manufacturers and by distributors fertilizer prices have plummeted.

The situation has been exacerbated by break-up of the Soviet Union.
Fertilizer raw materials formerly consumed by the USSR are appearing in
the west. Large Quantities are being sold at low prices in attempts to
stavE' off collapse of eastern bloc economieo;.. Mineral commodities and
derivatives being disposed of include sulphuric acid and elemental
sulphur, both used extensively in making fertilizers. The effect is
significant, and the threat of its continuing to be felt, serious. The
USSR was the world's second ranked sulphur producer, and foremost in terms
of reserves.

Additional amounts of acid are coming on to the market as western
countries tighten regulations for environmental protection. Higher
fractions of sulphur, formerly wasted to the atmosphere as dioxide in
offgas~s from power stations, smelt~rs and petroleum refineries are being
recovered. Second, industry has much increased recycling of liquid waste,
particularly spent sulphuric acid.

Inquiries were made regarding excise and other tax possibly affecting
import, production and export of dry and liquid sulphur, sulphuric acid
and oleum. Accordingly to the Australian Customs Service imports of these
products are duty-free, irrespective of country of origin. The Australian
Taxation Office has advised that the commodities are exempt from sales tax
when used for fertilizer manufacture and varlOUS other agricultural
purposes.

More information is being gathered concerning
elemental sulphur from Delta pyrite by
Adaptation of a process using ferric chloride,
chalcopyrite, may hold promise.

5
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Pyrit~ Mt Ly~ll's production of this min~ral ov~r th~ last fiv~ y~ars

has rang~d b~tw~~n 64,000 and 80,000 mtpa, av~raging about 72,000 mtpa.
Most is sold to Japan. Curr~nt pric~ of pyrit~ in North Am~rica rang~s

from US$70 to $80 p~r tonn~.

Propos~d pyrit~ yi~ld from Phas~ I of th~ King D~lta ~nt~rpris~ would
amount to approximat~ly 287,500 mtpa if Phas~ I w~r~ to run for two y~ars.

Cobalt A joint venture in Uganda plans to recover cobalt present in
pyritic tailings d~riv~d from th~ Kil~mb~ copp~r min~, now d~funct. A
biol~aching proc~dur~ is to b~ ~mployed, using the bact~rium Theobacillus
ferro-oxidans. \

•
Information r~lating to
Cobalt N~ws, a monthly
D~v~lopm~nt Institut~.

production and us~ of
pUblication issued in

cobalt is availabl~ in
London by th~ Cobalt

•

Chemicals Under a modified plan for exploitation of the Delta devised
last year, Phase II provided for conversion into compound form of elements
extractable from sulphide concentrate, enhancing their value see
1991/92 Annual R~port.

The r~port ci tes copp~r sulphat~ as an ~xample, the compound -- though
ine~pensive to produce -- being worth over twice the value of copper and
sulphur it contains. At a bar~ 25% r~cov~ry rat~ th~ D~lta would yi~ld

~nough copper to make 87,000 tonnes of th~ monohydrate. This would be
worth A$250,000,000 approximat~ly.

Copp~r sulphat~ demand in th~ Unit~d Stat~s r~duc~s to about 1 tpa/6,000
head of population. At half this rat~, combin~d demand of Australia, N~w

Z~aland, Indonesia, Malaysia and the Philippin~s (pop. ~ 283,000,000)
would b~ 23,000 mtpa. The D~lta, capable of yielding som~ 5,800 mtpa for
fifteen years, could meet fully a quarter of this demand .

Alt~rnative and other chemicals producibl~ from ~lem~nts present in th~

D~lta's sulphide conc~ntrate follow.

Approx pric~, US$
per Ib per tonne

sulphur dioxid~

sulphuric acid
hydrogen sulphide

f~rric chlorid~

f~rric sulphate
f~rrous sulphat~

6

230­
84-

0.12

215­
141­
175-
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Appro, pr-Ice, US$
per lb pe r tonne

ferric nitrate 0.6q
ferric resinate 0.Q5
iron ox i de 0.33-0.72

copper chloridE' 0.90
copper nitrate 0.Q3
coppE'r ox ide 1.20

cobalt chloride Q.15
cobalt naphthanatE' 2.06
cobalt nitrate 3.00

• cobalt oxide 9.78
cobalt resinate 0.38
coba It sulphatE' 3.QO
cobalt tall atE' 2.16

•

7
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Studi~s of th~ Ch~mistry of Macquari~ Harbour and th~ King Riv~r and D~lta

conduct~d sinc~ 1973 by Cott~slo~ Corporation"s partn~rs, Ab~rdar~

Incorporat~d and Elisna Pty Ltd, ar~ now b~ing suppl~m~nt~d by oth~r

inv~stigations. Th~s~ involv~ th~ CSIRO, Univ~rsity of Tasmania and
Government authorities.

Dr P.D. Carp~nt~r of th~ Univ~rsity"s D~partm~nt of Ch~mistry, tog~th~r

with M~ssrs E.C.V. Butl~r, H.W. Higgins, D.J. Mack~y and P.D. Nichols of
th~ CSIRO"s Division of Oc~anography, coll~ct~d wat~r sampl~s at three
sites in the Gordon River, four in the Harbour and two in the King River.
Sampl~s w~r~ analys~d for Cu, Cd, F~, I, Mn, Ni, Zn and hydrocarbons .
R~sul ts app~ar in Volum~ 43 of th~ Austral ian Journal of Marin~ and
Fr~shwat~r Res~arch.

Tasmania's Department of Environment and Planning, in conjunction with
other agencies, is now launching a three-year examination of the region.
Chemistry of s~dim~nts in both Harbour and th~ King Riv~r is to b~

inv~stigat~d.

Results should endorse those we obtained from our surveys. These show
most of th~ Harbour"s floor and th~ int~rior of th~ King D~l ta to be
anoxic, with sediment enriched in various metallic elements, several of
them poisonous.

In addition, Gov~rnm~nt"s study is lik~ly to support our cont~ntion that
widespread pollution of Harbour waters will continue to occur,
p~riodically, until toxic s~dim~nts of th~ Qu~~n/King syst~m and th~ D~lta

at this river's mouth are removed .

8
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Cott~slo~ Corporation and affiliat~s continu~d ~fforts throughout 1992/93
to find suitabl~ partn~rs for th~ D~lta ~nt~rpris~. In th~ fac~ of a
d~pr~ss~d ~conomy. virtually worldwid~, Cott~slo~ has not y~t b~~n abl~ to
conclud~ th~ qu~st satisfactorily. D~tail~d information on op~rations of
~ight candidat~ organizations was s~cur~d and analyz~d.

In South Africa on~ mid-sized and thre~ major mining hous~s w~r~

approach~d. Th~ first of th~s~ four groups has a limit~d rang~ of
targets, a rang~ which ~xclud~s th~ D~lta d~posit. On~ of th~ latt~r

thr~~ groups is disqualifi~d b~caus~ its Australian subsidiary could b~ in
a position to comp~t~ with th~ D~lta as a sulphur producer. N~gotialions

with a second are in progress.

Two compani~s in Australia which had ~xpr~ss~d int~r~st in possibiliti~s

of joining the v~ntur~ subs~qu~ntly back~d off, on~ appar~ntly b~caus~ of
th~ Stat~'s propos~d ~nvironm~ntal surv~y at Macquari~ Harbour.
Discussions with a third Australian company, first in N~w York and th~n in
Sydney, were inconclusive but are to continue.

Th~ ~ighth and ninth ~ntiti~s to which invitations to participat~ in th~

v~ntur~ w~r~ ~xt~nd~d ar~ both UK-bas~d mining houses. TalkS with th~ir

r~pr~s~ntativ~s w~r~ h~ld in London. On~ group has withdrawn : th~ other
is r~vi~wing t~chnical data on th~ v~ntur~.

Cattesloe has ten more names on its list of prime candidates. One,
headquartered in Melbourne, is Australian. Five are overseas concerns:
non~ curr~ntly has any Tasmanian op~ration. Each of th~ r~maining four
groups is activ~ within th~ Stat~.

An eleventh possibility being considered is to form an essentially local
body to d~v~lop and min~ the D~lta r~s~rv~. For instanc~, m~mb~rs might
include municipalities of Strahan and Queenstown, industrial concerns such
as fish farms and motor firms, together with environmental groups and west
coast mining companies. Each of these parties has concerns about welfare
of the region, its economy and environment. A co-operative venture by all
parti~s involv~d might prov~ th~ most acc~ptabl~ way of r~conciling

differences between them, and would set an interesting precedent. In the
case of non-commercial members profits from the venture could be employed
to financ~ other proj~cts of b~n~fit to W~st Coast communiti~s.

Secondary candidates
or recovered suI phur,
pot~ntial participants

For~ign compani~s already producing ~ith~r Frasch
abroa.d, a.re excluded from Cottesloe's list of

: though the companies possess the necessary

9
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technological and marketing capabilities there is risk that after
studying our sulphur demand figures they would find it preferable to
supply Australian needs from their plants overseas. Companies producing
sulphur from sulphides have smaller output of the element however, and
remain worth approaching •

10
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The revised campaign for development of the Del ta resource calls for
implementation of a two-phase programme.

Phase One, already in progress, embodies the following preliminary steps:

o continued discussion with prospective partners
o completion of detailed plans providing for production and

sale of pyrite concentrate to be derived by dredging and
processing the inshore 7,000,000 tonnes of Delta sediment

o assembly and study of tenders submitted by companies
bidding for dredging and processing contracts

o preparation of an environmental impact statement
o application for a mining leas~

If these steps are carried out in full and Phase One proceeds to stages
involving establishment of the mine and successful exploitation of the
inshore reserve, income will be used to finance a second phase.

In Phase Two the remaining 93,000,000 tonnes of Delta sediment will be
dredged and treated. Resultant concentrate is to be processed further to
yield elemental sulphur and compounds of sulphur, copper, iron and cobalt .

11
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