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This is the final report on Phase III activities of the Tasmania

Copper Project. It covers the full scale gravity process investigations and

the pro forma economic evaluations based on these investigations. It also

expands on the March 8 1976 Status Report.

Although a short review of the Project is inclUded, for a fuller

explanation, reference is made "to the November 24, 1974 report, "Summary Report

Metalliferous Muds Project, Mlcquarie Harbor, Tasmania, Australia", and to sub-

sequent status reports.

Phase III studies lead to the conclusion that copper production from

Macquarie Harbor" is technically feasible but only marginally economic. A

project P.I. of 13.7% is indicated based on a set of relatively conservative

assUllptions of capital and operating costs and conunadity prices. A second

conclusion, of no less importance, is that economic utilization of the pyrite

content of the deposit is critical to project success.

Because of the marginal economics, the fact that sulfur rather

than copper is the critical conmadity, the new technology involved. the

remoteness of the area, and the relatively small size of the project, we do

not recol11llend proceeding further on project development. However, we do

reconmend that we dispose of our 94% interest in the project to a pptentia11y

interested Australian cOl1lpany or group on the best tenus available. If a buyer

cannot be found at the present time, we reconunend maintaining the leases,

which can be done at a very low cost, pending future improvement in the demand­

supply relationship for sulfur (pyrites) and/or copper.
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BACKGROUND

reserve area.

phase II laboratory tests showed that standard gravity techniques

were unsuitable aTld conventional flotation too expensive. 'However, additional

investigation indicated that bulk flotation combined with gravity separation'

•
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teclmiques used in the mineral sands industry might recover sufficient metal

at a cost low enough to make the project economically attractive. It was

recognized at this early stage that the success of the project was deoendent

,OIl inexpensively producing a bulk sulfide concentrate suitable for roasting

and hydrometallurgical extraction of metal values .

The process scheme which evolved can be divided into four (4) major

sections; 1) mining (suction dredging), 2) preconcentration (gravity separation),

3) final concentration (flotation), and 4) hydrometallurgy. A flowsheet is

included as Figure 4. The marketable products were to be either metals,

probably cathode copper and/or copper chemicals.

Pro fonna economic analyses based on Phase II work indicated that

a 25,000 ton per day operation with a recoverable grade of 0.15% copper could

be economic. The analyses indicated that an operation of this size coul.d

return 2-3 million dollars annually after taxes to Cities Service assumir~ an

equity interest of 49% to conform to Australian mining regulations, a capital

. investment of 7 million dollars, and a 70:30 debt:equity ratio.

Phase II work was encouraging enough for CITCO to exercise its option

to begin Phase III and assune full project management.

The objectives of Phase III were 1) to prove the reserves by grid

drilling, and 2) to develop and prove the concentration process using full scale

eqUipment. If the results of this work still indieated teclmical and economic

feasibili ty, the last part of Phase III would have been the erection and

operation of a pilot plant on site.

In an effort to circumvent problems in a preliminary feasibility

study, an engineering contractor, Arthur G. McKee, was contacted early in

the project. McKee provided engineering personnel at the Macquarie Harbor

site to observe the drilling and sampling and to evaluate the area for plant



location, water resources and tailing disposal sites. The process studies

were frequently discussed with the McKee personnel to keep them infonned

of all phases of activites.

A preliminary feasibility study was not conrnissioned due to the,

failure of the preconcentration tests to concentrat,e the metals into the

sulfide fraction.
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The Tasmania copper project is based on the premise that present

day depositional environments exist in which conditions approximate those in

the paleo-environment tmder which "Black Shale" sediments fonned. "Black

!shales" cOIllllonly contain relatively high concentrations of metals, such as

copper, zinc, lead, molybdenun, and silver. In specific fonnations these

concentrations have been high enough to exploit. The Kupfershiefer deposit

of central Europe is a well known example. It is therefore logical to assune

that an investigation of present day "Black Shale" environments might yield

sediments with metal values that although sub-economic if considered in light

, of coiwentional hardrock mining and processing costs, might prove economic

if the costs of mining and processing were greatly reduced.

'lie' "Black Shale" environment is characterized by anerobic or re­

ducing conditions. Under these conditions organic matter accunulates, only

partially decomposing and releasing H2S which precipitates metal~ as sulfides.

These conditions are operative today in the Black Sea where bottom muds contain

tmusually high concentrates of metals as sulfides. They also exist in selected

coastal embayments arotmd the world. The coastal embayments must also have

r~stricted circulation with the open ocean and a mineralized area whose drainage

empties directly into the bay; the former pranotes reducing conditions, the

latter. provides the metals source.

The above conditions are well developed at Macquarie Harbor, an area

of 148 square miles located at 1450 25' and 420 15' on the west coast of the

state of Tasmania, Australia (See Figure 1) Given sufficient time and favorable

conditions of burial and diagenesis, sediments presently accumulating in

Macquarie Harbor could develop into a "Black Shale". The harbor area is covered

by Exploration Licenses 16/73 and 2/74 granted to Aberdare and assigned to
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Elisna Pty. Ltd., the operating company fonned to develop the project. See

Appendices for copies of licenses and Cities Service/Aberdare contracts and

ammendments.

The deposit consists of detrital sediments mainly resulting from

mining by Mt. Lyell 1-fining and Railway CDmpany at Queenston. Mt. Lyell,

after mining a quartz-sericite-chlorite schist (an altered potash rich

rhyolite) and producing a copper concentrate consisting mainly of chalcopyrite

and bornite, disposes of tailings in the Queen River. The tailings, mainly

pyrite, quartz, and micaceous material (chlorite and sericite), are trans­

ported by the Queen to the King River and eventually deposited in typical

deltaic fashion in Macquarie Harbor. As the sediment is moved downstream it

is progressively sorted with the coarsest and heaviest portions of the sediment

deposited as bars in the river and on the delta and the finer portions deposited

out in the bay.

The King River Delta has grown dramatically within recent time. The

. mineralized portion of the delta which accunulated in the last fifty years is

underlain by an old delta composed of barren sands in the near shore area and

by barren marine clays in the seaward areas.

TheprinciIJ;a1 ore minerals are derived in two ways; 1) primarily from

Mt. Lyell t s tails and 2) in minor amounts fran the direct precipitation of metal

sulfides by hydrogen sulfide. Pyrite constitutes the major portion of the sul­

fides. Chalcopyrite is the principle copper mineral. Chalcocite and bornite

are prestffit in minor amounts. Sphalerite was identified. Cobalt is associated

with the pyrite. Gangue minerals which account for· 90%+ of the ore material are

principally quartz, mica and detrital ro!=k fragments containing the above plus

a suite of heavy minerals. In certain areas small amoun15 of copper bearing slag

are present.
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TIle infrastructure in the area is good. Power is readily available

frOlll a hydroelectric complex being developed in the central part of the island.

Transportation of equipnent and materials and shipment of products can be

made by low cost ocean freight. Skilled labor is available frOlll the large

Mt. Lyell mining district 30 miles to the northeast. Housing, shopping,

schools, and etc. are readily available in Strahan and Queenston. Fresh process

water is available from the King River drainage system. Land suitable for a

plant site is available adjacent to the mining operation.

As in most of the developed world, environmental considerations will

playa major role in the development of any mining operation in Australia.

Early in the project contact was made with appropriate enviromnental officialS

on both the state and federal level. Although concern was expressed, no

seriOus objections were raised as long as the project plan insured maintenance

of air and water quality standards and protection of wildlife frOlll major damage.

It was recognized by the enviromnental officials that mining of

the mineralized sediments in Macquarie Harbor would in reality enhance the

enviromnent in the harbor and the King River by removing an objectional acid

producing waste originating frOlll the Mt. Lyell mining operation at Queenston.

The removal of the sediments from the floor of the bay and the disposal of the

clean tails on the bottan of the bay would not adversely effect the ecologk.a1

balance as the bottOlll of the bay is euxenic and therefore devOid of life.

Although a small fishing fleet operates out of Strahan, no commercial fishing

. is possible in the Harbor.

In compliance with the regulations, it was agreed that a preliminary

enviromnental impact study would be made by an outside contractor. Proposals

were requested and received from Robertson Research· (Australia) and Da\ry Ashmore.
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To avoid possible problems with local experts, it was stipulated that wherever

possible local expertise would be utilized in the study. A study was not

canrnissioned due to the failure of the full scale preconcentration tests to

make an acceptable product and the resulting marginal economics of the project.

The government welcomes industry to the west coast of Tasmania as

the area is considered depressed due to restriction on the use of shark (flake)

for human consumption by many of the Australian states. The area is covered

by a nearly impenetrable hunid temperate rain forest and is generally un­

suitable for major agricultural enterprise.
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denum accotmting for the remainder. A small amount of potentially recoverable

with a company owned rig operated by Kitching Drilling Consultants.

Due to the tmconsolidated nature of the sediments a reverse cir-

Development· drilling to establish tonnage and grade was completed

during the first quarter of .1976. Drilling was accomplished in two stages,

deep water drilling on contract by W. L. Sides and Sons drilling contractors,

MelbotD:1le, Australia and delta and river drilling by Australia-Cities Service

Computer reserve calculations indicate a proven reserve of 100 million

tons plus an indicated reserve of an·additional 25 million tons. The delta

portion of the deposit accounts for 50 million tons of the proven reserve.

The weighted average grade of the entire deposit is 0.19% copper equivalent.

The weighted average of the deltaic sediments is 0.25 copper equivalent and

of the offshore sediments is 0.15 copper equivalent. Copper accotmts for

app-roximately 60% of the contained metal values with cobalt, zinc and molyb-

015
26101610

The deposit also contains 3.5% sulfur primarily in the form
. .

PHASE III TONNAGE AND GRADE DETERMINATION

silver is present.

of pyrite.

culation drilling technique was utilized..This technique was developed for

and proved by the Australian mineral sands industry. To insure representative

samples for assay a rotating sample splitter was attached directly to the

output stream of the drill. Assay for copper, zinc, cobalt, molybdemm and

silver were done on 3 meter intervals by Geornin, a Perth, Australia based

analytical laboratory. 4lt~ ..Ii.~
{/'

The drilling pattern is shown in Figure 2. A total of 252 sites

were drilled, divided intO 43 sites in deep water, III sites on the delta,

and 98 sites in the King River. Total footage drilled amounted to 4480 feet

(1358 meters).
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in specific areas exceeding 0.2% and copper equivalent values exceeding 0.25%.

Metal values decrease as the sediments get progressively finer away from the

front of the delta. Values for copper range in the neighborhood of 0.1% with

copper equivalent values ranging up to 0.15% . As would be expected from the

origin of the mineralization, there appears to be a relationship between particle

'size and total metal values in the sediment. The pyrite/chalcopyrite and other

compound grains being heavier tend to settle out in the sedimenting system

more readily than the lighter micaeous fraction which contains only minor

. aJOOunts of metal.

exist in the coarser exposed delta portion of the deposit with copper values

The distribution of the metal in the sediments can be seen in Figtn"e 3

expressed as kilograms of copper equivalent per ton. Highest metal values

A comparison of the particle size distribution is shown in Table 1.

Table 1 CompariSon of Particle Size distribution of Deltaic and Offshore Sedi­

ments in Macquarie Harbor.

018

Offshore

261019

%Fraction Cum %

12

Deltaic
%Fraction Ctun. %

+300 7.5 7.5

+210 21.2 28.7 0.2 0.2

+150 29.3 58.0 3.3 3.5

+105 23.3 81.3 .22.1 25.6

+ 75 10.0 91.3 29.7 55.3

- 7S 8.7 100.0 44.7 100.0

:J>So~ 11:6". "Dso >:; "Be,.
•

Size Fraction
Microns

The dr.illing confinned that the King river does not contain signi­

ficant quantities of mineralized sediment. A maximum of 2 million. tons is all

that is present in the river channel at any point in time. The lack of signi­

ficant reserve in the river is explained by the periodic flooding which results

. in the cleaning of accunulated sediments out of the river and depositing them

lin the delta.
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PHASE III PROCESS n~-v"ESTIG.-'l.TIONS

Preliminary process studies carried out by Hazen Research, Golden,

Colorado, the Colorado School of Mines Research Institute, C,olden, Colorado,

the Australian Mineral Development Laboratories (AMDEL), Adelaide, Australia,

'and the Tasmanian Department of Hines Metallurgical Laboratory, LalIDceston,

Australia, although marginally successful, ruled out conventional concentration

techniques as being uneconomical. Bench scale work by Mineral Development

International, Jacksonville, Florida, however indicated that gravity techniques

based on the principle of laminar flow did appear to have applicability. These

techniques are not normally utilized in base metal operations. The pieces of

equipment that operate on the laminar flow principle are the Reichert Cone and

the Lamflo Sluice, both of which require full scale testing to be definitive.

Additional flotation work by Lakefield Research, Lakefield, Ontario, Canada

demonstrated that an acceptable sulfide concentrate could be economically

produced utilizing tank type flotation techniques.

Based on these results, testing was contracted with Mineral Deposits,

Ltd, Southport, Australia, AMDEL, and Lakefield Research. The results of these

tests will be discussed in the sections below. All testing was accomplished

on material collected during the drilling program. The sample was considered

representative of the coarser portion of the deposit. It was assuned that if

the Coarse high grade material could not be economically processed the project

would not be viable.

The process flowsheet, as devised from the preliminary bench work

can be divided into four major sections: 1) dredging, 2) preconcentration,

3) final concentration, and 4) hydrometallurgy. The preconcentration was to be

020



made with the Reichert Cone and/or Lamflo Sluice. The final concentration was

to be made with tank type flotation techniques. The hydrometallurgy, consisting

of roasting, leaching, extraction, and electrowinning was envisioned as a

turnkey purchase of Davy-Powergas, Arthur G. McKee or a similar technology/

construction package. Figure 4 outlines the proposed flowsheet.
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Section I - Mining
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Section I involves the mining of the metalliferous sediments using

suction dredging techniques, the de-watering.and sizing of the sedimffilt with

the minus 44 micron (- 325 mesh) fraction being returned to the floor of bay and

the plus 44 micron (+325 mesh) fraction either pumped to an onsrDre processing

facility or to a trailing barge for gravity concentration prior to being pumped

to the onshore facility.

The Macquarie Harbor sedimffits lend themselves to a low cost cutter­

head suction dredging operation. Discussions held with Ellicott Machine Corp.,

Baltimore, Maryland; American Marine Co., Nashville, Tffinessee; and Australian

Dredging, Pty .• Ltd., Melbourne, Australia can be sumnarized as follows: Under

the mining conditions as presently exist in Macquarie Harbor, there are no

serious problems forseen in raising up to 40,000 tons per day of material at

an operating cost of 4-6¢ per ton raised. The equipment includes a single

automated dredge and sufficient pipeline with pumping capacity to move the

material to the processing facility located onshore. The use of 2 or 3 small

dredges was considered and discounted as the reliability of a single large unit

is such that down time would be at a very minimum and the use of more than one

dredge would add to capital and operating expenses.

Working conditions in Macquarie Harbor can be described as good.

Tides average approximately 1 foot with a 2.5 foot maximum in very bad weather.

Slvell or chop of 4 feet can be considered as maximum and rarely occurs. There

are no major CUITffits in the bay. Maximum dredging depth to sediment is 180

feet, well within present dredging capabilities. The sediment is unconsolidated,

weighing I ton plus per cubic yard and does not contain any components that

would interfere with a suction dredging operation.



Construction of the dredge haul would be on site in Macquarie Harbor.

The other components would be manllfactured in self-contained sections and

shipped to the ~lacquarie Harbor site by sea freight from either Europe or

the United States. At this time the Ellicott Machine Corporation appears to

have the dredging system best suited to our needs. Ellicott is the leading

manufacturer of suction type dredges. ~lineral Deposits, a leading Australian

user and manufacturer of suction dredges, after a.."1alyzing the dredging capa-

bilities necessary to mine the ~lacquarie Harbor sediments, also recommended

cutterhead suction dredging and referred the project to Ellicott. No problems

are foreseen.

Also included in Stage I is the de-l-atering and sizing steD. This

operation will be accomplished by cyclones either on board the dredge or on

the trailing barge. Conventional equipment and technology are utilized and

no serious problems are anticipated. An example of a large dredging and con-

centration operation can be seen in Figure 5.

The de-watered/classified material or the gravity concentrate will

be transported to the shore based processing facility by pipeline. Standard

hydraulic pumping and slurry pipeline technology is applicable and the only

problem that may arise involves the thixotropic properties of the sediment.

Tne clay mineralogy of the sediment indicates that no problems will be en-

countered, however.

Section II - Preconcentration

The removal by ineAl'ensive means of a significant portion of the

non-metal bearing minerals, gangue, is essential to the economic vi~bility

of the pro j ec t. Gravi ty techniques, standard to the metal mining industry
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were eliminated during early bench and laboratory investigations. Preliminary

investigations by Hineral Development International and by Hineral Deposits,

Ltd. that simulated the laminar flow or sluicing principle of .mineral separation

demonstrated possible applicability of equipment based on this principle.

Commercial pieces of equipment utilizing the laminar flow principle

are restricted to two units, the Lamflo Sluice, manufactured by Carpeo, Inc.,

Jacksonville, Florida and the Reichert Cones, manufactured by Mineral Deposits,

Ltd., Southport, Queensland, Australia.

An explanation of the laminar flow principle is as follows: Under

controlled flow in an acqueous media, minerals will segregate into layers

depending on the shape, size and density of the various .minerals and on the

density, viscosity, velocity and flow pattern of the fluid in which the

mineralS are suspended. If sufficient differences in the properties of the

minerals exist, the characteristics of the suspending media may be adjusted

so that a separation can be affected. The heavier (Le. JOOre dense) minerals

will gradually segregate to the bottom of the stream and can be removed in a

number of ways. The top of the stream containing the light minerals or gangue

goes to tailings and the center of the stream containing a mixture of .light

and heavy minerals, called middlings, is passed through scavenger .units where

additional heavy minerals are recovered.

The Lamflo Sluice is a sophisticated version of a pinched sluice.

The heavy fraction is cut out with adjustable edges along the bottom of. the

sluice rather than just at the end of the sluice. These edges also help to

control the flow and the turbulence of the suspending media. The unit is

designed and manufactured of materials that maximize the laminar flow prin­

ciple.
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The Reichert Cone is simply ll. circular sluice in the sh.ape of a cone.

Material is evenly fed onto the apex of the cone and flows down the cone sur­

face, the slope of which was predetennined by extensive testing. Mineral

layers are separated by edges at the bottom of the cone. Until recently the

Reichert Cone hlid the disadvantage of a fixed edge cutting system. This hlis

been rectified with an adjustable system making the cones a more versatile

piece of equipment.

Discussions of the sediment chliracteristics with Mineral Deposits,

the Australian Mineral Development Laboratories, Robertson Research, and

Mr. R. Porter, a metallurgical consultant, all arrived at the same conclusion

that either the Reichert Cone or the Lamflo Sluice could possibly do the

necessary preconcentration. This supported by the Mineral Development work

noted above indicated that full scale tests using ton quantities of the sedi­

ment hlid to be TIm. These tests were TIm at Mineral Deposits and the Australian

Mineral Developnent Laboratories. A Metallurgist from Robertson Research was

retained to supervise these tests.

The tests, although successful in concentrating the sulfides, were

not successful .in concentrating the metals into the sulfide fractiQTl. A

three stage cone plant was able to recover 86.5% of the sulfides but only 22%
.~, ,

of the copper at a grade of 0.26% copper. Preliminary pro fonna economics

indicated that a copper recovery of 65% was necessary in a final concentrate

representing 10% of the weight. In an effort to upgrade the material, the

cone product was further concentrated on spirals. Additional copper losses

were incurred and the tests were abandoned.

Lamflo Sluice" tests using spirals as cleaners were also unsuccessful

in concentrating the metal values into a sulfide concentrate. Maximum recovery

of the copper was only 23.7% in 19.1% of the weight. For details of the cone

and sluice tests see the Appendices.
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Section III - Flotation

concentrate,' flotation of the gravity concentrate was necessary. Bench scale

Due to their lower capital and operating cost requirements, these systems are

In order to achieve the necessary grade of 1. 5% copper in the final

028261029

._~' ..

•
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flotation.

considered suitable for roasting and hydrometallurgical processing. A 65%

recovery of copper and 90% recovery of 'the sulfur was achieved while 92% of

the total weight was rejected.

the metals present in the sediment are not amenable to concentration by in-

It can be concluded from the results of these investigations that

particularly adaptable to flotation of low grade materials with a fine particle

size, distribution. It was estimated that capital costs and operating costs

could be reduced by as much as 50% and 33% respectively from those for standard

Lakefield Research are recognized leaders in this type of flotation.

Initial reaction to a preliminary sample was that the system might prove

successful. This was substantiated by subsequent bench scale testing which'

produced a sulfide concentrate containing 1. 2% copper and was, after testing,

tests had shown that 55%+ of the total metal in the sample could be recovered

in a dominantly sulfide concentrate accounting for 5-10% of the total weight.

These were rough tests made on the whole sample without any attellQJt at con­

ditioning of the surfaces. Standard flotation cell techniques were used.

Capital required for a standard flotation facility to process 25,000

tons per day would be too large for the project to carry. However, new bulk

flotation methods have been developed by a number of companies in recent years.

expensive gravity techniques. A high grade pyrite concentrate can be produced

at minimal cost, however.
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To further substantiate the above, a representative sample of the

material utilized for the preconcentration investigations was submitted to

Lakefield. An acceptable sulfide concentrate was produced after grinding

containing 80.9% of the copper in 10.3% of the original weight at a grade of

1. 4% copper and 35.5% sulfur. To obtain the above a fairly complex flowsheet .

is required and as will be seen in the section on economics yields only a

marginally attractive project.

An additional series of flotation tests were also perfonned by

Robertson Research - Australia. Resul ts were very similar to those described

above. A concentrate containing approximately 55% of the copper in about 10%

of the original weight at a grade of 0.82% copper was obtained witmut resorting

to grinding.

For details on the above·process studies, see the Appendices.
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Hydrrnnetallurgical treatment of ores with lower than nonnal grades

offers a nlJllber of distinct advantages over and above those advantages derived

,from environmental considerations. A standard hydrrnnetallurgical extraction
I

. competes very favorably with a pyrometallurgical extraction both in capital

. requirements and in operating costs.

Bench scale process investigations and mineral characterization

studies have sho\'111 that the Macquarie Harbor sediments are such that a concen­

trate with a copper content suitable for pyrometallurgical treatment cannot

be produced without excessive loss of copper and other metals. However, it

is possible to produce a sulfide concentrate, consisting principally of

pyrite, containing up to 2% copper equivalent without sustaining unreasonable

losses. Leaching and extraction technology developed in recent years pennits

consideration of material with this concentration of metal to be seriously

considered as a potential source of copper. Nchanga Copper, Bagdad Copper and

Ranchers Exploration at Bluebird are examples of operations that effectively

leach and recover copper from tailings and ores with as little as 0.5% copper.

Hecla Mining is constructing a major hydrometallurgical installation at present.

The proposed hydrometallurgical scheme will have to include a

roasting step. A roast is required because of the necessity of converting

the iron to an insoluble oxide and the other metals to soluble oxides. The

S02 resulting from the roast will be collected for feed to a sulfuric acid

plant. A portion of the acid produced will be captively utilized i\1 the

leaching process. The proceeds from the sale of the remainder should offset

a significilllt portion of the cost of the roasting and acid. manufacturing
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installation. Recently developed spray or' flash roasting technology will be

L~vestigated as possible alternatives to a standard roasting facility.

Lakefield Research successfully completed a series of roasting

tests and was able to show that the bulk sulfide concentrate produced by

flotation could effectively be roasted and leached with SUlfuric acid with

more than acceptable recoveries of the contained'copper.

The concentrate produced by the roast will be suitable for leaching

with one of several leaching agents. The mst comnon agents are sulfuric

acid (H2SO4), certain cyanide salts, such as NaCN, and certain aJIBlIOnia salts

such as NH4S04. The leaching agent used will depend on balancing cost with

efficiency and availability. A vat leaching system is proposed.

Dissolved metals will be recovered from the pregnant leach solution

by solvent extraction techniques known as liquid ion exchange. The LIX

series of chemicals produced by General Mills and the, Kelex series of chemicals

produced by Ashland Chemical Company are successfully used at a number of

operations. Contracting companies offering turnkey hydrometallurgical packages

are Parsons Jurden, Davy Powergas, and Bechtel. Discussions have been held

with Davy Powergas, Lakeland, Florida, the outcome of which was very encouraging.

A schematic of a typical hydrometallurgical system is presented as Figure 6.

Solvent extraction involves the selective extraction of metal ions

dissolved in an acqueous solution by ion exchange into a liquid organic com­

pound. An active hydroxyl group acts as the exchange site. The metal ions

are then stripped from the loaded organic, again by an ion exchange reaction,

into an acidified acqueous solution, usually spent leach liquor (H2SO4).

During the two exchanges, the metal in solution is concentrated to the level

reqUired for electrowinning or chemical manufacture.
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Copper production by leaching, solvent extraction and
electrowinnmg.

BACK WASHING
(Twa Slages)I".--~-------,
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The concentrated metal solution will go to an electrowinning unit

•and metal (Le. cathode copper) will be produced directly. A hydrometallurgical

. system offers an alternative, which is not available from a pyrometallurgical

system. As the metals are in solution and concentrated, the option is open to

rgo vertical to various chemicals withqut first making the metal and then re­

dissolving it; basically tl«! steps in the chemical manufacturing process are

eliminated. Therefore, if a market exists for a specific chemical, the stream

can be tapped and the chemical manufactured. Unit value for metal contained

in a chemical is always greater than for that of the primary metal. A brief

discussion on small volune chemical manufacture was held with the ch9mical

, group at Copperhill and tentative plans made to continue these discussions if

the project proved viable and additional data became available.

An alternative to leaching that should be considered is chloride

, volatilization of the metals. Several commercial processes, including the

Lurgi and Kowa, might have applicabil i ty especially in light of the possi­

bility of interest in the pyrite concentrate. These processes also produce

a pelletized iron cinder suitable for blast furnace feed.
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A multi -product operation as can be seen in Figure 7, was proposed

1 See section on Economics forin£ormation and explanation that may make the

sale of large quantities of sulfuric acid viable,
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FIGURE 7 Products derived from the Tasmania
Copper Operation andpossible markets.
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A third party contact was also made with another major Australasia

phosphate producer. This company is planning to install a phosphoric acid

manufacturing facility if a supply of sulfuric acid can be obtained at com­

petitive prices. Their needs would be in t.he neighborhood of 2000 tons per

i day. In addition, it was detennined that the Japanese, due to severe air

pollution problems, are interested in purchasing sulfuric acid to ship to Japan.

It is recognized that there are problems in ocean transport of bulk

sulfuric acid. lbwever, it is presently being done successfully from North",:est

Acid located at Burnie, Tasmania, Australia by Imperial Chemical Industries.

A detailed marketing study will be required to determine the market aspects of

the sulfuric acid problem.
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ECONaHC EVALUATION

261038

03/

$ 1.04
$ .04 - .06

.00

.10
,40

.48

.34

Tasmania Copper

No
Yes

Yes - tank
Hydro

Estimated $40-60 million
(including refining)

Unconsolidated Sediment
0.25 Cu equivalent

40,000 tons
Dredge

$ 3.31
$ .63

.80

.00

.60

1.28
.37

Yes
No

Yes - standard
Pyro

$200 million (not in­
cluding smelting &
refining)

Conventional Porphyry

Hard Rock
0.5% Cu equivalent

40,000 tons
"Conventional open pit

Operating costs/ton ore
mined

l-lining
Crushing and grinding
Preconcentration"
Flotation
Smelting, refining &

transportation
Cost/pound copper produced

It can be" seen from Table 2 that the potential for developing an econo­

mically viable operation from are with a grade as low as 0.25 copper equivalent

exists due to significant reductions in operating and capital costs. The low cost

Orebody
Grade
Daily ore production
Type mining
Processing

a. Crushing &grinding
b. PreconcE>ntration
c. Flotation"
d. Metallurgy

Capital required"

Table 2 - Comparison of a Conventional Porphyry Mining/Milling/Smelting
Operation with the Proposed Tasmania Copper Operation

The project considered herein differs significantly in grade, capital

and operating parameters from a conventional mining operation of equivalent

size. The following comparison, Table 2 , was made initially to demonstrate that
I

it was possible to consider a very low grade deposit if mining and processing

could be effected at very low operating costs and with minimum capital expendi- "

tures.
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of dredge mining and the elimination of the single most costly step in the process

operation, cIUShing and grinding, greatly reduce per ton operating costs. A

further reduction is accomplished by the use of bulk flotation techniques utilizing

large voll.1lle cells that reduce flotation operating costs by as much as 33%;

Capital requirements are also greatly reduced (Table 2). This is

accomplished by utilization of dredging, by elimination of grinding and crushing,

by utilization of tank type flotation which reduces the capital for a flotation

circuit by as much as 50%, and by preconcentrating the raw ore prior to flotation

thereby reducing the amount of flotation capacity necessary. It should be noted

that the direct cost of producing a pound of copper is estimated to be slightly

less for the Tasmania copper project than for a conventional low grade mining

project. Both figures are well within the latest published range for free world

per pound operating costs.

Pro forma economic analyses based on the above assumptions demonstrated

that an operation of 25,000 tons per day might be economic under the following

conditions: 1) operating costs - $1.40 per ton, 2) capital - $40 million, 3)

copper price - $0.85, 4) recovery of contained metals - 70%, 5) operating life

16 years, and 6) the sulfuric acid sold at cost ($lO/ton). Under these con­

ditions the project level profitability index was 18.5%. The profitability

index at the corporate level was approximately 27%. Cities Service would own

49% and retain management. A 70:30 debt:equity ratio was assumed. Yearly net

income to Cities Service was estimated to be in the neighborhood of $2-3 million.

Final process studies utilizing representative material have conclu­

sively demonstrated that the initial assl.1llptions based on bench scale testing

were not valid and as a consequence the economics of the project are not as

attractive as originally thought. Pro forma economic analyses now demonstrate

that the project might only be marginally profitable. The following conditions

are most likely to prevail: 1) Operating costs: $1.55, 2) Capital: $49 ~M,
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3) Copper Price: $0.80, 4) Recovery of contained metals: 75%, 5) operating life:

16 yrs, and 6) The sulfuric acid sold at cost ($lO/ton). Under these conditions

the project level profitability index was 13.7%. The profitability index at the

corporate level was approximately 16.2%. Cities Service would own 49% and retain

management. A 70:30 debt:equity ratio was assumed. Sensitivity analyses are,

presented in Table 3.

The change in economic attractiveness is due primarily to the failure

of the preconcentration step to significantly concentrate the contained metals

into the sulfide fraction. This leads to the need to concentrate the entire

volume of material mined by flotation which must be priceeded by a grinding

step. In essence when a sample representative of the deposit was processed

it was fOlIDd that significant parts of the economic advantage anticipated

from the initial bench work were eliminated, leaving only the cost of dredging

as a significant economic advantage. This was not sufficient to balance the

low grade of the ore.

When it became apparent that inexpensive preconcentration of the

metals into a sulfide concentrate was not technically possible by gravity means,

it was considered essential to see if an operation could be developed that might

be attractive to an organization with a specific needfor either pyrite or sul­

furic acid.

Pro forma economics of producing a sulfur concentrate by gravity

means were run using the following parameters: 1) operating costs: $0. 25/ton,

2) capital: $11 ~W, 3) sulfur recovery: 80%, 4) operating life: 16 years. Under

these conditions the project level profitability index was 26.0%. On this basis,

the project could be economically viable for an organization with a specific

requirement for the pyrite concentrate. As it was assumed·that Cities Service

would not retain a significant interest, corporate level analyses were not performed.
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-
TABLE 3

SENSITMTY ANALYSES

TAS-IANIAN OJPPER POOJEcr

Recovery at 75t Recovery at 65t Recovery at sst

!>rice Project CDrporate !>rice Project CDrporate Price Project CDrporate

Copper H7S04 P. I. Payout P.I. Payout CDpper HZS04 P.I. Payout P.I. Payout CDpper HZS04 P,I. Payout P.I. Payout
U1b $ST Years* ~ t/lb $/ST re~ Years· t/1b $/ST years" Years·

70 10 11.3 5.7 1Z.6 6.0 70 10 8.8 6.7 9.0 8.9 70 10 6.0 8.S 4.9 15.5

80** 10" 13.7"" 4.9*1'1 16.Z"" 6.0" 80 10 11.2 5.7 1Z.3 7.1" 80 10 8.3 6.9 8.Z 9.8

90 10 15.9 4.3 19.6 5.3 90 10 U.3 5.0 15.5 6.Z 90 10

70 ZO 16.7 4.Z ZO.9 S.Z 70 ZO 14.8 4.7 17.9 5.8 70 ZO lZ.8 5.4 14.7 6.6

80 ZO '18.6 3.8 Z4.0 4.Z 80 ZO 16.6 4.3 ZO.7 5.2 80 ZO 14.4 4.8 17.Z 5.9
'"<-

90 ZO 90 ZO 90 ZO

70 30 Z1.0 3.4 Z7.8 6.2 70 30 70 30

80 30 22.6 3.1 30.5 Z.7 80 30 ZO.9 3.4 Z7.6 3.3 80 30 19.1 3.8 Z4.7 4.1

90 30 24.1 Z.9 33.0 Z.4 90 30 ZZ.3 3.2 30.0 Z.8 90 30

" From Startup

**Base case
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10/ I:J
THE i\llNll"G ACT 1929 261044

043

I EXPLORATION LICENCE UNDER SECTION 15B

11~\JED \o .. S.R.I·'. RA..".V3Y .
j

... of ..Box ..221.1.•.. Princeton, , .
iTe:'IJersey -; 085'~O U.S.A.

licenc. shall r.main in force until th•.~·I!111ty..J!i,sJ:1.tl:J,... day or.J)~<;:el!\1:l.!1~ .. ~...........• 19.11.

respect of
ani

One hv.:n:l re1quare miles of land in the Land District of 1;O:i'rAGU .
torty ei&~t (148).

as described. in the schedule hereto. •

•

ifhis !iccncc is subj~cl to the .following conditjo~s:-:
Th~t tha lic9nsae sh~ll i~c1intely on the issue of t~is licence take~
s"te?s to CO:l!':3nce l)rali:1in.::X""j' uor~~s ne~~ss2.I'jo". for the fnves~igo..~lon

1of tile area.
T~~t th~ liconsea s~~ll c~~r~r out investi;~tions as ~~r be necessary
-to deteI"::liu3 ~~~C pot':~lti=.l of the ~ra::'. c.ni in pc.l"tictJ~=-r 11i11

lco:·.:.1:3:2::o 3. ·l..s'::o:l;~i3.e:,.:11::::= s;;-.4:pliYlg of "';;h;:, ?raa fol'" t.1'l::.1~'3is cO::lbinad
fli t~ ~ S1.tr-.,,-7)~" 0:: t~~ ur.i;lr:l?~t~r to~o6ra~hy. I= results ..::'.rrz.!1:t this

, -_Jill be follo~Tai ",):t s2.!1:.?lil'13 c.t I:1uc.,,~ higher donsi ty :.rLl I:3aSUrooent
of Stl~llo~ sej~gnts.

1-:1·'1 .a- .r. ,." ,..; _.~ " ..--, -~ ' • .L~ ~=_~ ::.., .'Clo_~" o','ler st~ ~_<, -_.2_.:. ;. _ __ .A. 'W~:I-\.,IJ .;.. y.J. !,,_"" .lJ..:.. ~ __" - ~

e~uip~~nt 25 ~~7 ben~ccss~~J efzactively to c~r!J~ out suc~ investi33t10~.

n' .~, , , , , 1 ~ '.... ..... t :t •.• ~ C" - t "1' th
J,..n::.~ ....a~3 _J.CC~S93 S~~::._ _·......n1J,.S!"'1,. .:;n~ ;"I).zoa:: or 0 J. ••'.~."S' __oiJ;.r ~ : 7

-'or---. ~ - • ." r >cor";.... ..;n.... ., .,--;; '" - ~, ....n~ 0·"" ~1""'_,'._'_' J.' n-;: ,,'t"I 4 o~' ~r "or'- "·r, .L,"nr..... .. _.;;v .... I .... .:;:0 •• __ ........... r~ }"_., 0 _ _ ...... '",•••• V __ J ., .'" •• _""_010

It:'1 ') CQj.1.:g:-.ss 0:: ~t~ !,:-o::;r~3 of c:,:!,lor~...~io!l. S'J.C:1 !"ecor-ls c.ni ple.n9
I s:~::.ll be h'J'~~ fc~ o:?=:"ci:-.l ~:':':-P03ecS juri~~ s-:J.ch tin3 ~s -:i.13 c.!'cas

j.nvc:Lvel' :!ore lz.~.:f\:..1..l: .. hel.l b:-r the licen~~g or as ot:'le:7.1isa :,.graed to.
1
'

7\:""""'• .l.... ~ l.; ~'PI .... O.,· C"~ ... 'l o""''''''''~Po ..L.~.. n ....-o·... s'on;, 0" S"~"ion "''' 0-" the.. _ ..... ~ :.._...... .... __ .. .:.I.J.., ~____ 'J.::I ... _,oJ' \,I.. ~ ... _'"' •. Y..L. _ ..... _; _....... "',., J.'

J-in~- -n-~~c.l,..':on 'A~ 1(1'':: •... .; ...·h ·0-- .... .:1 0 ~ot.;~.;c~· ...:O·l o~ 'ooreho1~s•• .. ,a J,... =.> ..... ,,_ a........... ....0 ..... h_\.I J ....~_..L ..... ..l..4 ....... w-L,I..4 ...

?~C8crv~tio~ of ccr3S ~~ jispos~l thereof.
'lr.b -"-H';r'" b"" L ~ '"'\.; :::.c"o...' 01'" 1'~in"s .L ~ l'con ·':lo "'01..3";1;-" ···-t~l -...·0-.·1~rd.,- __ .........._ ... _ _ ..J "' _ ~ .'..... , "' .I. ~ _ •• :.1.., ... ,' ... __ .........

jiuulic~tg s:'r~;lc= 0= roc:·: a~1iI:"~ine:"al Dt-.r:..,les obtain~ in :;iH~ licence.
I e.re:.. to a. !Jl.::,ce :::'Il?ro:"ei b~r ';~he Ji::ec-:;or of !·:ines.

j~~'1.2.t ::. St:'::~!:3n~ 0::: ::::-:Je~ii tv.re vorifici. b:' st::.tu.tor:r d.3clar?1;:J.on
I-~"""l ·o~ 10rl-~·~ -li";'!l .I.~',~ ·7'-7"1....;c~O~ o··'!' 'V;!l.....,~ T.TO·O~"''''' n+ +.'ne eni 0'"_ .._ ....__ .... _ .... ,jo"'_ • _ .._ ... >a .... :.J __ 'J ,,_ _ ~~_ ....... ,.~ __ "", ..... '" _ ....

·e~~ll c:-J.eni:-.r Dont:." fl"'"OI!1 the d2.-te of t2is licence.

~h~t SUCJ St~ten3n~ scall be accoapanisi by a progress re?ort of
fP9rations.

I ~;li3 licgnc~ Gh2~1 apply to all minerals.

~o clear
2"·~~sonc.blo

I
I

·lhen.no lonS3~ re~:uirgi, ~il l~rZG or deo1 c~c~V~tiO~3, p~rticu1arly
hosg n·:-.i2 o~· b...tlll.o~er or ot:~er ~:.rt~l :·.oyiuj e~ui~'!!:~:r';, s!\al~ be
'l)n~ .:"" o~ O.:.;' •..... T; ... ~ /:;,-:.4 .. r-..,-?~ ~n -~-o··.l.~.... ·'Co ·11.·)·~1 ~~.,." ~-,;""es .I _..t. , ..1. .J..~)., " J. ,,_..:.v .1_ '_ '"' , _ .;.~ .:.. .:;",~_ I. "' __ .:. .

~ns?cction ~ct, 1968, :I~ r~~zo~~~le r0~~oilitatioun~~sures t~ten
-';0 ·-L.~1~ a-t..; _.=!',.... ~.l..J.. o~ 0.::0 .L.', ""\ .... ; "l ......c~O·· o~ '!~..;n-sI "'.. ..,~.::- ;::,.'-_... ..,I. ·u!....... • J.Io......... .1,o.L v •

1'£1e l.icensc~ ch:..l1 cOlliuct o·1er~tions so z..s not to disti;.rb the
I 9nvirort:.l~11t O;':::3?t .in' $0 f~r" as t..'i-t:5..~ r'J.".:.jF be. n9c93c.;,ry -;0 uniertake

f
~le l'ro.:;r:'-:"~::3 of e.::.rlor2.. -:;10:1. req,ui:rei by zis lice-nco:
nl ill ~:l.rtic\4l::.'.r z~~ll _

~) n;Jt clc.:!.r ~n:- nJ.-t:'::"!'3.1 vCJct::tion or ~1Z.~::~ e::cav",: tions ~lhich may
~e ~sibl~ ~ro~ ~o?·~~tai areas;
1iscu.~s '.lith -:;r_c locc..l I:\lnicin2~! CutL'lcil ~nJ ?ro!>os~l
8.~'\1::"S of n:.tul"::'.l V~)~i.1t:~tj.Ol1 o.;U sl1!lll. co~~}l:: ~li-;:~ ~h.~
r~~ui;re:-;;;nts of sU*:;l~JQuncil. -
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(c)

Connencin3 ~t the 90stcd notic~ sit~~te ct e north east corner of
the t.re=. ~:hosa .;r2.d CO-O:r·J.in:-~tc3 s:.r·) 820 ,C00 ~"~rls'''' 33~~~,COO y:?I"is
3. thence Grid. e:-~st to }!rO,CCO :'....7"13 :J .. ,,;ri1 touth to 800,OeO yurds
1r. 2.:;:::.in 3rid. c:.::;t to lo~.T ·\!~,te~ r-.:'.r:: on ';;:.:e sr..or~lL'1e of !.:acc~uarie

Ha:t:"vour t:1Cl1Ce 'by th3..t c:1or~lin~ of I::.c:-:.u::.:~ie :::aroo"..lr c.fores2.id ~~nd.

Bire;" Inlet in 0. sene~l SO~t~l 9:J.:;t~rl:". scv..t~ ~;~ztc:a.~l~' ~::l north
vesterl~r dir3c~.ion ~o COJ,COO :r:'.~ls :~ .. :-.s::',.in :;rii c!!.c~ to lO';;T u::.ter
t:l['.r~c on OC92.n 3~:'.c:: ·~:lenc-~ ~Y' ~h:.":..t 10:: ~·;2.t~r n2.r:: in a general
nortl1erl:rdircc"t:"on to E30,OCO~~ar'.is I:. ~::;:"l;in eride~st to 33·1,000
yarJs J .. ~for~sa1d thence c3~in ~rid south ~o ~1e point of
COr'.:l~ncel:\ent-.

sC::Dur,3

261045
~~r:! l:'c~!lso~ c::"'~ll CJ;;:~rvr: ~n:- inst~\.l.ct:.o~~ ";t!l::':::. ~~y be Siv:e:l by the
Dil-acter of ::5-::1')3 ',ii t~ 2. vie-..: of r:ininisiru or :x:"9-yentin,g d~:'.:;.o :to
public or p=iv~te ~ropcrtJ.

If it is fourd ,that the o'9cr:"!.tion~ h~r-3·c:! autho!"i~edt ~.re c2.usinj ~nv
l.lJldue:~d:-..r:2..;e to to::''' erosion of, tb.e. 3-J."oj~ct l~_ni or oth~r lZ'..n!. in tha"
vicin"'i"" t~lC""=>(}j" 0- ':I"I"'P 'l":.l1r~c""''':'''=:'''l''t''i'.Zi: j .ro~~.. 7' t'"'o t:>nv<roru""'''''''&'' ·'''e... '" .. _ - - .~_.. ."" -"',_ ..;1, ...:... _.......... • \0, "' .
1'~.; .... .;-to·~ r"~'~ C-_,_..,1 ..,n. l';C"·''''''''''C11 ·r;.!-ho·'..i. co~~e"""c""~"on ·0 ·',e l<ce""..........lo".L.-: :- -> ..J _.-:: ..... - - .-~ ~'_"I..o ..... -If........ '" .•.Ly.•• ,;;,1,.. "' ...... ..- ."'J., .. _ ~Jitg, ...

. by e;l.V~:lS3evJ~~ a.~~··3' l~oti~~ i.nuritin,; 0;: his i:ltantion so to do.

The lic'.?nse~ Z;"2.~_1 not 11.:;1:1: .:In:.~ !'ir~s t::. thout t:1e e.pproval of' the
. Rural :?1res J02.r:l or o-ther relcnnt ::uthority.

ilhere any abo~'i.:;inc.l relic or objects ot histo:I.'ic interest are
discoverel, 0~er2tiollS zhsll be ccr~uct3i so as not to damage or
interfere 11i th Sl:C;~ site or objoct ~.l details of such. dis90very must
be re:?9r:te~· to ·~he IJirector of :·:in3s.

The li~ensee sh~ll noti~y t~e loc~l rap~~sentative o~ the Forest~

COmoission before enterin,J on c. St=..te:'?orest ani shall comply 1Tith
the raaso~~bla re~uira~ents 0= such offioer in oper~tiona on any such
St:!.te Porest.
T'lle licensee sh~ not interfere in any .my 11ith native fauna. or
bird lHe.
The licensee sh~ll notify ~~e 01nler end occupier of private lani
before enterinJs~c~ ~zni.

That t..~e securit:: Jl:ov2:lei by Section 15:3 (5) of the !:inin.:l; Act, 1929,
(see belo:r) shall be lo:lged \/ith t..1le Director of ;·lines before
ent~rinz priV'~te le....~.

11here in-.,es-tigr;:;io~s are unierta!ten n~a:" the coestline br in sen! dune
'ara?~s or ,;-;11 ~re erosion· is li~:el~" the follo-;·ringconiitions shall
apply in ~~ditio~ to the ~orcsoins conditions.
(a) 3~th covin~ a~~in~2nt com?risin~ bullio~er, back hoes, or

simila~ De~~:nic~ ecui~~~nt is not to be ~sei ani o~er~t!or~
ere to be cor...:lac.l';-;Jj b~r r:.eans 01 drillin.3. or by ·tlla uSe ot hand.
tools O~ equiyoent. •
The licensee s~a.ll con1uct onerations 2.9 not to causa e.;ny der.ase"
to shrubs, trees, or other n~tive flora gro~ing O~ ~he area
deoisei.·
:lhare it is :n9C~SSn.~:" .I~o re~ove n~.:tive 02." ot:her grosses to enable
prospcctinS o~~r~tions by bo~inj o~ ot~e~\,ise the licensee shell
keep to ~ ninie~ the ~~e~ 0= sarfcce to be disturoei.
All surt~ceso11 2ni gr2ssec sh~~l be stac~ei separately for
replaco::Jent.
-Ul exc2v::.tio~3 s:l:'.ll be :filleiin as soon as practicable and
surfaC3 coils ~ni gr~s~es ra~~acei.

The license:;) sh:aJ..l :b?osi t 2.nc.nOll.!l~ 0.:: 8500 as secl4rity t!l:J.t the
con1itionn contain~.i h~rein ~h:lll be observei._ upon. eXl'il"J or
SOOl1.e}.~ detc:-=inr:;ion of t:"->3 licence, i= t:::.c lice:lsez G3.tisfies the
Director of ::ine3 t:lat sue:1 C0111::' tions ns.ve been conplie:i::ith, the
Director s~~ll rafun1 suc~ denosit; or such portion t~ercof. cs he

, may determine. - ,
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ENDORSEMENTS 261046 045

J
, (c)

Fl)
.. (e)

I•

ars~ enbrscei b~ this licence 5h~l 08 exclusive ot:­
.:11.11 I:lt'!.-"lici~=.l z,ni public r:;~e~ves 'J.nl ro:'i'-T~YS •

.':..11 fon~s of :::ini:'l~ t~nG:-:l3nt:: :-.n1 -\'r~'.t9:!' J.iCe':lCe3 inclu.::lin;
le~s~s, ~;:."';~1" li~~l1c~s, ,L~3D~::rrt licr;Elce3, S~jf)ci.2.1 :'.r..1
e;Qlor~~-:ion 1i03l1003, :)ros:"1_0~·~or3 lie3!tc~s, ciners rigilts.
!'emits to ent~:... , O-,j!'13rS consbn-:3 ::-.:ri o~':narc_ ri::;hts':;:1.ich
were in 1~~fl~-nosse33ionor n~r~0i out ~~ior to the d~te of
tl~r!:in::; out of t:l.is licence. -
Lz.nl ex-e:n,~ fro.:J. ~he provisiolls of the ~·.Iinin.:;"Ac.t,1S29•.
L:o.ni u.."'1.iar the ::ation::Q. P~r:':s ani ·.1ildlite Act, 1970, not
s ......bject to the I:il".i;lC :.ct, 1929.
.:.r~' Cro..rn resgrva-;;ions or ot.~er l:!.nd set lil:;>,,-rt or deiicated
tor ~~ p~blic purposes.

'3 JvJ.1' 197~.

'I~XTZl!SIOll

J~niS licence is extended under the Drovisions
, of tile ::ininc; Act, 1929, u,ttil the 28th June,

1
~

of Section 15C (6)
1974.. ~

JL:. L~/'~
~IIHI STl::3 P~~1 :,!IlSS.

l.
• EXTENSION

JThis licence is extended under the prOV1$~OnS of Section
of the Mining Act, 1929, until the 28th December, 1974.

)
)

.t
1
•

'7 Janu~ry, 1974.

ISC· (6)

.A".~ tQtlj.,
MINISTER FOR MINES

.,:t! July, 1974.
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t:!. ~ ~r:'€' ..,;r~3
In r~'~t \.II .:s_:: ~ t:t:n (16~uarC'fr~t1r j;tnd in the Land Disuicl (If

.y, p • . S· t· ...u.:".... ,~- '" •of .....~. .~.,~e~~~n..... ~~~~_ I ..~. £...~~ a.~.~,. ;.L2S.

046261047

LICEXCE nmER SECTION 15B

TAS~{A!iIA

Till:: ~1I:\I"G ACT J929

EXPLORATIO~

•

!.;.?.. 'jA.S~3tLissUED to ..

.....
,.

f
i
•I ~

!

J

I

]

I

I

I as deSl;rihed in lhe schedule hCRIO~

~. ~ha~ s~c~ S~ate=ent ~nall be acco=~~~edby a progress rp.~~~t of
".0. ~f':"'1 ~1 ana.

t;"'e

.0 _..

• ,. 74,.

---, ..
•• • I I.'

':lot c1~~::- e...~: nc.t'J:ul. ve::£e:at:.o:. ~r""!"",o1 cxcavatiC':'!:::
;ia1~:a ~ro~ pcpulatel ~eas;

~.e~ l~O lon.:;e!' :e~;.._~ l.':;'. a':"l Ip:r··..e or dee; e7..cavatio~s, ;:a:'-:~ yl~·ly

~ho:::e :::lee 'c:: bu:!.ldo=.;~· 0_" ~:her<?s.r~h :n~'''inc equi;:1e::-;, sha.... bt? :illed
in, or \~"';:--n!"::~.se '00.15: "3.f~, in 8.ccorda..'"lc.J ·..Ii-:h the :.:ines ::r:l~ ..:-::'C'~ ";':-:;,
19:'d J ~:~:: ~~~~ :?~:::l·o1.~ ::'·",~.::'i -::'i .... z. ~·icn '":Caeu.=-e3 't&::en 'to ~:":.e s:;.: sf:.:; ;iO:l
Clf ;hc :i:';TC-:.:::- of :~;:~e-s.

:..Ii.it." li::(;:H1~'( $~"'.ll \~ond!Jct C';.~:-ati::.:~s f:') &5 net tc J~atu~c •.,,:.<..
en\"_r~:"L:~~~_ ° '-=':''';(~.~~ i!1 so fa~ ~ .. ;J -::li:.· r::.~' be necesear~' ~v u:': ....~:-;~~
rosr~~e :..:: 'e.\..:.lor:l~ior. ~·eq,ui_::ed. C~t -1;i.:"s licence:

_·.:~d in !la::'t:ic~~l:.r .s::.a:"l ...

'016 l.~#l'"«'of: ;." 'Iou~".rl In 1"( 'nlln.-inr condiliM' -

1 __ '"\\-e." <t\-...... \'l.U~,-.'!-'·~-' <A~11 __ i ....'WQ.~a.".e. __.;~...., """,,",.,' ...S-3:...L~Gt:l~;... ••Y~;e~'t~.:,;_.
~\q"" ~ .J,-:"_[__ ~~~i--:;":.~__9 r.: ,-~ .L a"L~;t=.l:..;.:, _)·:o.r_"'':'':-D~'':~.S'25_~ ..L~~--!!.~ .!'_.~_.!:!..~~~;:..:;~~~! on___~~. ~~c.a~:~. '

c:;. ~';.e.-; the licensee $:"3011 ·cer::y eu\: investigatic::.se.s r.~, :,C :lcce:.s3rJ to
deter~i::~ t~le po-;;en;ial of the a::-ea and ir~par't1cular \n:'l C~:::';':"~ce a
reco::.~~s:>c..."1~C r:,.:.:.:;:ling of -:he &r-ee.· ;:orer..al:rsiu cC:JOir..:Jd ·,71. '";}l·, su...--vcjt
o£ 1;he a..VJ.de=-.·I.:~:;C::: top03::-ap2!y. If ::-esalts -:,'c:al'l"C -;~a wi~1 be ~ol~o....ed
by s3,I:.plin.:; at ::luch higi";.er lie:ls1'i:f:r and t::.ea~ureJ:.le:l'; \Ji shallow :t·.=di::OC:t!!_

3. '1"nR..I; ~"'P .'''iC'''''!l!t",,,. :!",'1:" ~ .:t... r'.c·"F'~C:: ~ecl"~.ica.l a..."1d other sta!= e.r..d
f:'=!~.~;'\·or'c"" a.s Q:.~ 'c~ .~ ..-cc.e~:>o.r~· ~£l."C.\~T"_J :'0, c~r.jcut s'J.cl1inves-;it;;atio:4::.

4. Zha~ .... ...: licCllsce s!1all fttr:'..ish the :lirecto~ of :.:ines. ;:ob~t. vd.t!l
co:p_ete :ecords ~ncluding pl~~so~ d=illinJ ~~d o~he: uor~td~:un

the CO~P"~~3 0: ~he pro~~~e o! e:plo~at1on_ Such records nnd p~~s

shall be .eld zor o:'ficinl FU1"po::e~ du~ing sueil ~1:Je as -:he &:'eas
invo~"lec. ::-·e ~cL'ifully held oy the 1,;. :e:~see or as o-::lc .......ise e,,:;reec. 'to.

,. :;.':t2:~ ";:~e:..iCa!~3ee ehall obse~c t::~ proVisions of Section 35 of the
::..:i~v·.' :n~.?ec"ticn l.ct, 1963, ',vi-;n re(;r..rd to no,;1£!ca-;1on of bo.:,"'eii.oles
1-'':"\ ~\.4:'" latio:l of cores and. disposal thereof •

6. I ..·~qui:"~-:' <"' ~hp I>irecto.- of l.:ill.es, -:~:e 11cen~:3 ~older -::ill ~o~;::lrd
dU~.lic!l-;e ju.:::~1~J vi." rc;;:.~ :2J:';':lin~~1.:' s~::l(;s obtu:lo!J in the licence
area wo c. place 3:,p':'""'·/ed· b~· :.lG :'do:4 CC:o= of :.:ines.

7. Tnat a S1;e.-:e~en~ :If E:cpenditu=e ver:'!'ied by 8tatu~o='j" dccla=a~1~:l s~ll

oe :' ..~o.l,·ei ..'r:" th ~::e ::>l::-e.:~~:- vf;,:ili.'~S. ;roiJ~:=~. at -::-te e~.l of e:J"ctl.
ce:"}:. _~; ;;.onth frJ'::. tile ,~:;e.o~-;~a,-l1e.e."lOe.

1.
10.
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(b) di~=~~s ~i~~ ~~e 2o~21 ~:~~~~~al ~cu-~~~l ~~ p~~?csal ~~ ~::~~
&I't:-n~ of :ur";::'l"al v~£:c~=.::.::.c~ ~~1 stall c=z.;:.l:{ ',,...1~:t -:b,9 :::-(;3.z:;::~:,:(;
re~u~re=~~ts J~ s~~h :v·;r~cil. ,

m'D1"'':> ~\i" ab~r:'~~~l relic :)::" o"bjects of h.isto=-ic interoest e.;...yo _. ~"~ ....:d'rt:c
opc~~tion~ z~~l be ccnduc~ea SO ~~ ~O~ to d~Ge C~ i~~e~fe~e ~~~h Z~~~
si ':~ c-:- Q-"jecv an:i ::e~e.i:'s c::' 3UC~: c.:'scc..er:,. ::.::.e-:': ..."" r·L.: :·~l:i WO ti~e
Di::"t' ~t_: cf 1:ines.

04'726104.8••
~;le licc::sec ~:::l-l:!. :b~c:'-le t--V i~:;":~~ct:'O:l~
:-::':-?:t:= c.:- :::':'~'':::i .;.:~; • .:-~ Vi,;':i-J 0':' r~in:'r.::is:'~.:;

PUO~1C c: ~=~Va~e 2=oper~y.

!~. :. ~ ist'~u."'li, -;::.:::: 'V;:e o:eZ'2::Jc~s ~e=-eb.i" !:u-;::C=i9 ...'d, ~e C'r~~::i~~·· :l::Y
u~c.~e ~t:=.t:..3e ~(; ,C~ e::'"osic~ c!; t~;e suo; 'Je-; l&.'"':.i ~.... "-;cer !a1:d .:.~: - -: .~
v~c::..r.i-.. ·l t::C!!"e':J:'" cr are u::..~cce-SS:·-..;l-.. :i.e: s· ...12:0..: 3 -:."" e:lv'" ·..o:..·-e..... : .......~ ~ __ ~~. _':)...... ,. "" "';~ . .,. :~:;--J ... - ::", 0+-"...... _- .:~ ._.,: •••• , .._-:w-n:..,:,,,,:,- ........, \,o£:.:..~e e __C9 e: ,,_ .. :lOU .. cv...:;,ansa ..._o~ .. c .....c '!._cens~e

OJ ~v~n~ ~~ver. ~~·s· not~ce in ~~i~inG of r~s intention S~ ~o de.
"'''e HOF"- ... .;>~ s·...... ~l no~ 1i .......• -rt?" "':"';.:.' ou· .... ;..e n-p-c"" - '-"• a ---.- •• -:_ .41...... v U.~" ".._~_e5 .•• "n ... "'... :.M¥ ... "a~ t• .::;e -.u...-e:!
ri'!"or!s .=.:':l.!"a O~ otner releva:a"; o."J.,,;=~c:i."";,7. .,

l.2.

13.

15.

14•
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" .•~"...!..:.:..L.__"::';":":;~\_':._.,'", .. -, ..

(e)

~~~ licen£~~ ~~~ll not~~y ~~e local represen~ativc of the :r~es~~7
CC'::.::issic:"_ ~e::'ore e~te=i!!E' on a S'tate ?o.!"est :::~d s:~al2 co~;;.;:.,. .;;:. ':;!:,; t~~.1'
::ea~ol~':"~b:e req::li:-e~~nts of s':Jc:: :::::ficer in operatiO!lS on ":''::J;f ;~C;:. S-:--.;,~

:e.~-;.

CC::-.::....";:.Oi:l,:,; ~t ~~~e r;osted :lotice $:'" tu:'.":;~ e.~ the no::'~h-·~·.~i;)": co::-ne= of ...:::.e
e~o~ ~t 3 ~Ji~t ~:o~e ~rij cco~~lr.~~e~ a~~ 3S2 493 ~e~=cs 3. ~;2~ :5.
net.:·: ..- ~,. ~~:. 'be::;..; a pO:':l~ a~ :'9-'-: -,77·:'~::;:!~"~ on :':c.;:;,:.:a.r:.e .::-.~l-")u: -:. ~:"!:~~
sou.:. '~r::l O~{ pa.=t o~ uneas-;c::,.:': ;,J0U11Cl3..:7 0_ .L.L. 10/73 't,'; .::=:~ co .. ,t''':'_.;~ .. t,;·

362 ~.:,;J :'d,:,::es :::. 5322 702 ~~t::-es::. t;:cr:.:e e:.s~er':';,.' c:.- ,3 :1~=:'~lPr:1

boll.!. :.'_r;; 0:' :~.L. 16/73 a..fQreca ... d ,;o,:.::1"id coc:dina'tcs ]04 62] ,etrc~ -.. "
5 3;;~ 720 r.le~re3::. ·31l1 bei::t; ~~ lo~~ ....2.";~:" ;.:~r~: on !':ac~...:z,;;,,'le ::e:~: .• ' e.,.'l:
then-: o? c:'- t!:at 10';; 'i:c::;er ~a:i;:: in e,1e~~e:"al north. we3tc~lj' ·lir,·~ct; c . tc.
th.e r,;:in~ 0:: co::..-:ence::oe11t.

~::,. .'"e inve9~iz~tions ;:l.rc U!lder-:;.c.~:el1 near ~~e coa.ctlin~~ '. :n sand i:.:;........e·
~~..,,·::.a or ',;::cre e:",;)sio~~ is li1:al;,- -;r..e ~::>~l,j'~nS condit;. ...:~l., ~~: appl;r
in .:.o.d;, tion to the fo:"c:;ol:1'; cvnd1 ~il)l15.

(~) ;:l.r't!1. ~':"\"ip~ e~;.lir::~.i.';. -.: .... :..,?r:b:.n O:.J_.,j,:·:;~r. b~c., ~~ ...·,l:< .. ..,:; ~'N~l~
~ech~iccl equip=ent is no~ to De use~ and o~e:at~o~~ are wO be
cO::tluc ;ej 07 ;:.eans ci dri.llln~· "'_ by tee ;.::.c .;,~ :.a:lj ....ool~ c:
e ~ttip;.:e:":~.

;,'he licens(::) !:::tall ~onduct op~:at1cns as not tc, c:l:~ee 3,.-1.,,/ t!:.:':!.~Ge

~o shru·cs, :;'·3CS. or o~her ~a.~....:~ ilo~a grc;11nb 0:: "';;G.e r:.=ee. de:::.. eed.

".'Tc.e~~ i"t if:: :tece,ss2Xj" to re-::l,OVO r..::t't'ive or oth~~ z::~sse$ .,~~ ene-ble;
pro$pcc~~nz crerations'b7 borir.~ or othe~.1isQ vhe l~ce~sce ~~l

~eep ~o anir~~~ tue ~'ea of 8'~~ace ~o b~ disturbed.
All suri~ce soil and 'grasses sh~ll be stacked ~~?ar~te:; :or
:eplace:Jen~.

All. excav~~~~~s sh311 be f~lled in as soon as praotioable ~~~
3~:'!)("!eo _l -It 'GJ"ri ....··.'edes !"e!,le.r.:~d.

In' ......... _ ... ~." • ,..... -' .. ' .-. i:: - ~ - ,.. I .": '7':L::la", lotte a=ooun .. "'_ ~;~ .. ;,;.! ... ~ l":.~ '::c ...._. -01 .,"•• _",p .0,0. ... ' ... h ...\Cu.{'"C~ "01/ ~

be ·:l~·"';:)l:'ed ~o -;:1is lice:1cc a~so -:~:a.t ....;\e ;;O:'~\1-:' .,,:":-:-.:s ~on,;ai:".eu rte-rein
E;:alj -be ooser-;e:'. Upon e;:I'i::oy 0:' s:,)O:1er dete'!':l:i.~!!.t~on of "';;!t! lic!:r:.cd.
if t _,.} licen$e~ s2....:.is:C.;e.s w;~e Ji.rector :! ::ine-s -;:12.-: sue:: co;~n:~'" i·~::lS .•
hc-I'c ~cc ~':;"."~ ',~.;. ·"t:.";;;1, ~~l~ "J::"ec-:o~ ~~la.~l :~~.:"~:c: S:lC:l ~-:;, '.•~:';.., "r sue:...
.!>or·,: '_(].;) __'t":~_::.....: c:..~-t~~.~~_OO_..i".~ j-;Q...i'~\:C.<;:n-a:.~~

. ?C~:BU~

.~

":-hc 1 l.ce::'SCE-. ~h:" \.1 n~ \·-S_) ...1.\~lt_p........r.t::;"_$..U"~q'.~~f.:- .._~j.:-of---E:~; M:!' t ~~;1 ::~~~r:t
en~er ..n] su.ch lar...i. . _.__.......;_ ..

Tha"" t,:e s"o:.:.rH"' provided b;r Seotion 153 (5) of .he !.:ini}lJ Aot, 1929j
(5e"~ bcolow) 5;~:lli "oe loibed ,"Ii -;:~ th.e Di=ector of Ur..e~ 'l:le!'.:::=e e:~ =cril\&
p~~ ....·:.te _l~:~d.

20.·

18.

19.

21.

t,
I

I
j

I•

I•
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O£PARTriE••7 ~': fiWES - TASI".A.iIl.

SCiiEDUtE 'A'

Conditior.5 of S,e~ial Prospc~tors' Licences and E.pioration Licencei
un~er H.e :1ir.ir.o ;'ct, 1929.

•

•
•

1.

2.

\

6.

7.

8.

9.

10.

That th~ lic~DSee sh~ll obs~rv~ the provisions of Scct1o~ 35 ~f th~

Mines Inspec.tion Act 1~68 ""ith regard to notification ofbo,:,c holC!E
preservation of cot'c~ and disposal thereof.

At t~ :c~lnetion of the 11c~nce or at 3Dy t~c at the Optlo~ of
t~. 1H~nst;:'" ell drill cor~ and f.~"plcs required by the Dir(,;ct:;:or
01 :-I1uo.?s sh.:..ll be dcilvct'£d in npproved contL\1ncrs into the
Departcent of Hines trill Store at l~obart at the t.Ost of th~ 11.:cn~iX

unle:ss the i'Jir(l'ctor of ~~c.s notifies the 11cc-<'lsee in_titing t~.4t

such core or s~pl.:s "re not rcqulr~.

~. ~ n • ~l.':'!l.p~__ r'·qut ,. •..~...L-••-.! _*. ~!'tL_"_~.;J\.:C1P c:xe~.!lt 1<'n•• pllrticulsrly
_~~:c.~' ,,,,-.. ~L~';':'~ ~. · ....b·- .::U,;.<:.-==- ~·"'··'s:L:-'':L:.:" ..,".... t,\ .h.:-.lL.!J.1_

.r.~...:=;t......=-----=-:"_~:.:.;o...::-...,;. __.r....~~:_::,i,-:~~l.'hI::.... 'I. ,,.••,~n.1c.L:"!L.1._.. ", .. toWh .lII:. ... j,.j:Ob d4'" l~"'vtl4Dl,," r""natoi.1u.atJ.on Q,t::.a8UIt.:60 tOoken
'e ~k~ cat'_f,ctlon of th~ nir~~t~r nf ~fr.~~.

_\~ _-~'';'''~'l"''-;'''' ,1";'.-' 4__(,G1\od........_cS"".:..L·~~:"\t.__~c.._~C'I;:I:"'~~~· ...r1-':2:o .
.,;-uvl" ,·u:....nt VJLClIlpt In SUI I.u ':It.!h.I.S en,. t.e Il,"~[,.e.."ty L'" cr.GiL:rr.'\ke
the pr~Er~e of exploration t~~u1red by this licence; ~nd in
particular shall ~

<a> not cl~ar ~ny naturnlv~~ctatlonor make cxe3v~tlon8 b~ycnd

that n~c~ss~ry for actual ~pliDg;

(b) discuss with the local Municipal Council any proposal to clear
orena of natural ycsctat10n and shall comply with thB rco&cnnblc
rcquJr,genrc cf ~uch Council •

...... 1:(,,·[.,.· ... ;st.\~l "~,J. .. rv, ,'flY In.atrucd,ODS which DC' bcSlvcn b,.·
th~ Director of Mines v1th a view of ain1m1sfng or prevcntins
d~ag~ to public or private property.

The lic~D&c~ shall not liCht ~ny fires without the epprov$l of th£
~ural Fires Board or oth~r relevant authority. Itt thcc~sc of
Crown land the app~oval of the Director of L3nds 1. r~qulrcd.

Th~ Itccnsccsball notify the local representative of the Forestry
Com31Gslon b~fore entering on a Sta~e Fore8t ~nd GhaiI co~?ly with
thcre360nable rcquirccents of such offle~~ in operations on any
8uch StatE' Forcst.

\,'llf to. 'd.'1 lbert"inal r.:l1c or objc.ct!J of hi.torie InC(.r~8t Arc
dl.coV~f~C. oper~t1uns .hallh~ conducted &0 ~s Dot to damage
or 1nt~rfcrc u1th such site or object and.dct~118 of such discover}
must be reported to tha: Director of IUnes.

The 11c(;nil~": sballnot intcr!·~re in My Wily with nat1vofaunaor
bird 11{~.

Where investigations ~rc undcrtnkcnncar th~ eo~stlinc or in ~nd

dune arcn3 or where erosion is likely the follo~1n& conditio~s
shall apply In addition to the foregoing condItions.

(a) Earth GlOving cqu1pm~nt t:cmpti31Dg bulldozer, back-hoes, (·r
s~11Rr ~cc~~nic~lcquitctnt is not to be used and opct~~ !ons

.arC) to Lc i:.onJ\:ctc~ l;)y nc~ns of driillr:6 or by the. '.1SC .If

h~n~ tools or ~qu1?Ocnc.

(b) The licensee sr.all conduce opi!'r.:'!t!oDs as not to cause .;'m:,
datJ.l1gcto shrubs. tri;cS, orothar native flor.:\ growing ,-n
the aroadm18cd.
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DEPART;.tE~IT OF mr:ES - TASf-I.ANIA

SCHEDULE 'A'

10. (c) !.'here it ia necessary to rceove native or other grasses to
enable prospecting operations by boring or othervise the
licensee shall keep to a m1nicuc the area of surface to be
d1stur~d.

(d) All surCnce sol1 nnd grasses shall be 8tacked separately for
rcplaccoent.

(e) Ail excavations shall be filled in 8a soon as prs{'ticable and
surf:lce 8011s and gral!5i!sreplaced.

•

11. BeCor~ c~~n~tne t~~ c~nstru~tloo ~C acce•• routes or other works
k~oL :","._-!:':'--oo.~r'!"'L c~~ ~:'~,~~.. £._~ .•.. " ~ ,.~ -i-C"!'....:-.~~~ ...:.~_~~..\~C!OS'\('t\L'! be
-l~~..:.(_~~_'S_":~_" ..__-;.:.. :. __ ~,-;:,:,\._,:,._~.: ~_':- ~ __\..,,-":!:'_~L.~."'~_4;-~ '\.~_ [>5 f "'"' let' ut
Low·,or....bO..'a.. J -.uaUOJ ..~ tlObalt arid sll4U torw<ICCS a copy to the
Director of Mines.

r.~vurtin9;

Upon rd lnqui ~m'-'Q~ of aey p.3rt "f the arc<o drcscribcd in the achedule
hereto the licensee shall furnish a report containinz all info~-ation

relating to such area unlcss the Director of Mines ad."i;;;es in
writing that such report is not required.

1. A·Stataoent of expenditure verified by statUtory declaration shall
be lodged vith the Director of Hincs, Hobart at tile end of each
calendar conth Croe the date of this licence.

This Statcocnt shall be accocpanied by a progress report of operations.

The licensce shall furnish the Dir~ctor of Hines, Hobart, ",ith
coeplete records of all invcstig"Uons undertaken during the tem
of the J le,"",c.-. TI,,,,,.· slwll include detnileod reports, plnns,
s~ctlon~, ~n41Y8~s. c~talJurg1cal invcstigntions and feasibility
and oth"r studies. All plans Dust include trnnsParencics unless
'the Director of t'..:tnes advises ln101r1tingthlltsuch ~aronot rcqu1l:'cd.

All inforcation furnished to the Director of Mines under this
licencc vi11 be held for official purposes: .

(a) during a period of five years. Croo the date on vhich Dueh infor­
cation vas furnished to the Director of ~incs; or

(b) until the areas to which the reports relate are no longer
lawfully hclq under the Mining Act. 1929

~hl~hover shall occur first.

-""" 2.

3·.
~

-
~

4.•
•
• 5.

•
"
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SQi([;(.l.E 'A'

Other:

1. That the licensee shall carry out investigatioQs as may be
RCccsaary to determine tbe cineral potential of the area •

.
2. That the licensee shall employ such technical and other staff

and cquipcp-nt as m3y be necessary effectively to car~ out
such investigations.

11'oe 1fc~n~ shall notih the """fOr and occupier of prl'1l'llte
land lu:foTC ~ncer~np' such L ..: ...p

050

s.

6.

n'At the security provided by S~ction l~B (~) of the ~JninZ hct.
1929 (sce belou) shall be lodged with the Director of ~~nes

before entering such land.

The licensee shall observe, perform end fulfill the conditions
AS set forth in Schedule '~' attached hereto.

j

•

7. The lessee shall be liAble to pay the cost of any vork carried
~ut to rrct~dv ~~v rl~~~~ srislnr from ~y ~reRch afthe
~I~itlons 01 th!~ 11cence.

•
•
•

•r

8. The licensee shall deposit an al'lountof $500 as secu'C1ty that
the conditionsccntaincd heNin shnll be ol;>scrvec. Ullon el>piry
or sooner determination cf the licence. if the licensee satisfies
the Director of P4nes that such conditions have ~een complied
with. the Director of Yincs shall refund such deposit. or such
portion thereof, as he cay determine.

If it is found that the operations hereby author1$ed, 3re
e~u8inc any ~cue rla~ne~ to, or erosion of. the subject land
or ~n""r l·~nd iii the vicinity th"reof or are unnecessarily
d18turt!l'ig thr tin..,) t\~nL"'Cnt. ::h~ :·1nlster 1:\:\, cttnc~l the licence
without c~pcnsatiun LO the licensee by gly1ng seven days'
notice in ~T1ting of his intention so to do. .
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.:=::::;:.:5':0::3
u-n~ ~b=.:-_:· ;;y t~i.i3 :'::"cel:":~ n::.a:'l be e~cluai"/c of:-

.1: ::uni e:~~l anci. pUDlic reae:::-ves-2T.d roadi7CJs.

:,.... _"0-: ~ oi :linin:: tene:-~·:·:1~~-e::l wate:licC:'l,;-es 1nel\ld~:!3 !e2.ses,
til ... ·,'!.:' ". \'ce:lC~St t:s-::e:len~ :'::"C'enC'~$. special :>..nu explorat:'o~l licc:lCC:9:,
; 0° spec:o!'s licc:lces, :::.~:·.·~"'s rigil~s. pe!':Jits to ente:r,?-:::':.ers
=':":".sf>::~3 .::.r:.d o\,,:i.e:s r'1G;~;';;i o:i::icn ·.·~~:-e in la"i1ful p09sess~oll or earked
out .r ";(). th~ d.a"e of i.l~::i:-~Out; o! this licence.

-~ ~hp ~~,7isions o~ the ~ni~ Act, 1929.
...;ubject.... ~..". "_ :. ..... "".:..~_ ,.:.....~-i ..u:.1. Jl:d.llfe AC~, lS70,no't

~he ~inin~ ~~;, 1923.

(c)

•

'e) A...". Cr.:··.~ :":::fJer'/~'t:'o:13 0:: other la..~d eet apar~ or dedicatej tor
t):rJ;J ". .. ~!r!,-:",polJe,

Et'!;::t't._ ... \-."

This 11cenc- ,~ ~xteniei

of the ~:ning Ac·. 1929 until

':'his l .. ;:~ce is- extended \].~er.··t.he provisions of Section lSC (6) of the )lining
..Act,1929. :~~~1 the 28th Ju"e, 19;5. The current conditions of the lic~ca are

rescinded Q' : rcplaceciby ti'..ose on Schedule 'A} Attached •

SCHEDULE

;,

J

1
{
i
I

!
I

.k...:.- (Qu~
MINISTER FOR' xn~s

'''';Oo<eJ;i>er. 1914

Tn accordance ""i th section ISc (7} of the .Mining Act, 1929', this licence shall
n~. ~r~\~. ~o a total.a.reaot 16 _square ,-ki.l.-e.tre$ lmoreor -less) as ''de:s'e'ttbOO
herew_ , .. i

COmr.'encing at the north-west corner of the area being the int:.erscction o't grid
)<;;. w~. "'·-'.S '-. one the hi9h vater mark On MaCquarie ILiiXbour ane boin" a !"lint on
• Il!Clstern bOUlh...... C] .;.: !:. l,... ~t/""j 4:h.er;,-p <-;.,; ...V",rjO- ..... ,'t14~ e.5.5tem bct.JldarJ aforesaid
\-;. <!pcS ..:o-ordinates 3~: '!·~!..~t.res E. 5 322 702~':netres N. thence easterl;' ::>y "
Dor:...neIT, bvunda...ry of E.;" .~/7J af:n-esaid to t.1:.e ~ Lgh water r::ark en !-:ac::;:i.l~\Cie :·.e.rbour
aforesaid t."':mce in a ~t• .,:-:l.l ..·esterly di.rcction by th~t high watE.r mark U) the' pcint
of 'wr...::a;nCCli)ent..

~~
area e:braced by this licence shall be exclusive ot;

AIIJ!l,unicipa~ ~.d plblic reserves and road'1lI'ays.

All foms of nuntng tl!.iien~ilt~ A.:.d 'rater -licences including leases, V'lt~r .1cencf,-!:.
easemcn t li t:ence~~s9~ri.a1 atlC ~~X"" 1c~':.tio:1 li::(:,nces, prczFec'to1."s' ;'.i ':::i!:1o"';'" 5, ;....:.;•.:.==
rights t pel';I:l.its to enter, 0'Y..1€rS C'cJO.sent~'\ni!':"""':=1C!"~ ri;~tC' .::t:.::~ ...... re ::; la-':~.\JI

'-'sscssion.or I1\~rki;>d out ¥.rio.t" t? the date of ll'dCAJ.n9 out -;,t this .. lCe.nce ..

.&-&f.", .• "\-01' r fr ... tllie pro\F1610nS oft.~e lUning: A-ct·~ 1929.
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.'
(w l,.J.od \.:>~>r tl>o "~tiolU11 P&.tl<3 <..,.oJ 11lldllC. I\c~. 1117J. not 8"'>jo~ to the

rJ,nir.c; ~t, 1$129.

(0) All CrJ~-..J X"!'serv1t,ica.s or ~...hor le.."d Ifot e.;.art ot' Goeicat.e4 !or e:J1 pub1.1~

"\

J~" tUttb.

=

=

•

i

\
I
!

, .
• an"i'::"'''':~ !"':"·'lt~:~..:~

II/. t~. J.~jj;'

" .

EXTRACTS fRO~1 TilE PROVISIO" ... lUI" '\11:-.1 .... .c r 1919

Exploration 1 Je'ctKn

!If...... I'. t'l ". ~.H••·.!".. "._s_
f ttl). RI"aa '11 ,~, ..".1Ot ,,~ _ ru, ,.!'Itd tf'ot "'...... 'PC"r.... ... ~ M:.r.n-, IftaJ ok""-,,,.1IIt'
II ,Sh ..U .!'or I.""kd .;", .on.f bout I tl I."", ;onll . _, r otlOId '" n'nn ~"d w.fI 'C'_

..1k1 ..0'"""" 1-4'". ,"""""w"a. •• I'" tI'\( I.... , ..w ",,"I Ie> b;' t ..tI1 b) l.llC' bc'loIIrt !oJtc,llOlf ....k- 101,._• ....
okWttll_' .- •.....

IN W1'!.~ in , ..., •• bll .. fth't 1('1 Mllltori.!c IhI ""loSt. lM~·t. 'I.lIbif',;t to the ~r1'.","r i'If -~ _ ..c 'll1ft'o ..~
.r..lI \0 lb. 1'lV"IIIOf\lI <,I I~_" .'.t. 1.:1 ,nltt ..".",,- ~nd ",d' ",••r '" ,..-rt.1' Cf9_ I ..,... , If' Mlh!.e;ltNt
." l'l ItUI 101:0'''_ P'"~'":' 1''':::'1. "II"'" lilt' a;c .. h) _me" ,t rr:uct. aNI 10 f"'""'1"'1 .~I "'--:0 ". • .".... Iv. welt
_lEO, pr~.j~Y U I!"i~ toe t~:u;,a 1'" Ihe 1,ceo". in.J 10 ':0 311 Wt~ O"":r "Yo ~ :...." a _. '" "a",~)

NftuV7 U" 1l"~1C 1hc b"ldcr tnt'"..t 10 ~"'"'' ,n wf'J' ,,;o\!l ,~plor.tiGli .on..

,,,t 1"", h<>klcr .of· -~......I.......",. I.or"'" ,""" hie~1. I.. lhis' Aa_

'f"ti,:'_.~" :: ';'.' ~... .." , ~..~ _ •• ~ -" -".•_ l-
ot .·UfII.i"" .... b'h.··. ." ...

r~) T1x hPWn <>f in '\r"·r~u.," li,ell~e ,h.1I !lu, '''''' ., .. ·•.....Ie 1.11I01 ~C'I<"tl6e. ""In, M fin ';""" w....'il~ _ ro' .......
WMe:uon '~I ",. o.eCh"" iIo/"~~lt. ~.,.J. "r--on r·.:er'.'l <>II: r.-i-..'e L:"d. u ...bc4 I" -':~'l>l:l' ... _ .•• .,...: ""'''''",,,
._••' ,r .... t""~''''_ ". ~'~,'r ....... "Cr.'t' ',.k'. ""'_...... ""'''''''). .

"

... (6) t",..:.rt. arPt;.~';. ... -....JoI ill !t••l I'":h.l[' h~ ~ tw•.-"", ..t
l"he UI"'lo··. - • ~ :"t. ',0<1 l.·, ... JI.... . '0'.1
fun).u p'"..... .. :-."-.1. ;..-0.1 ,,"" ... _II . ,JIo- .

"..:>e!l~••I\.¢ i"Sltl'O •• 't' I"t~ IN .. " .......~~ ~ .. ~.._Ou.

• .,...•••1 rrc.~tII"·' .~t',,:Jt ~' ..! .....-1.".. ."•.•.., r{\,., ",... M. __... .. ..u t.., _to
.. <1\l... Ik t'<.It .., \,.": "" ". _ "'''"f'C''t<W·.

• .... dl c&t:'~ o.c~ •., ... _...... 'C' Ch-~.J ,.. , ....

•
r11 'A'-:,e J b;~\'I';" " Ui~:\.!~,1 ::,.. t'1~ .... ; '" '''·'JoCC;';.~'' If-I .of "11" "C'ctk>n, o,ht Mi,,;.tn 11;1;1)­

I On t.h~ re."o:men.hh:l'I of t,'>e r.,rr';1"· ~..:.J 10; ...

II ltrduce·llI.. uc. D( I.."d c"....,!'rI<c-d III .hl' b.:e",e.

.'t If the b ..kkr "r .. 're' ._' rr....l"'".lc.... \I",,'.c ,... of -'on uf'l.or.loon ii~~ CNl.lfilw,,,,,", '"~ flit- t ... ~~rl~ ...d1 ~.y ...,
~e PNVI~IO'" <;I' Vol' .'ci at ~"Y cof Ut" term, i"d ."II.J.li....1lt 10 '*lIi~lI u.. bc.elloc. If, ".ll,..a. the ,",ini,," .mq-. to.
Ilona In ....rln"J 10 ,'Ie' hul.J.. t. tc .. 'cc :~.-f :1.1'''....

-'!!!
It) '""" rbe: (,..' ....1':"11 or L"-t t-Older .', ;0 '''.......1 j:'1...(IO:."'''·' ),.... " ..... Vl clptoral.lQfl liw~

I A f'«»S~.t(>l·' bc'~. 111:"'''1 10.,.>:•• ~Irr L.t'''''~....... U~"ltn: 1I~...;;e .... , be In"~4 ia ""pr.l fIof land «lft:prucoi
ttlUCUI U It I:' .'po..,. rr."nc;I"'·1 to,;, ............ '>:'r~:>'r.IICl" 1""",1 ,1.d p.;>l n.;" .• rod

.. 4 M'M", r>.~.l m•• 'v ......1.... .1... lw br,d c··,,""'·..... . ~ 4'0" ...: rn:»......N" ... _. ·or""'." - ........ "ttC
1l1'O.<:,,"'~"" • ...L

~p:o<:i.1 rtOlpor<;101"1 ii.•'''''., ., :''1......_ ·\I.tN." ""~. ",.••n \~ • ..,~Jlt . .., the Mllm.-=.-
pS)JnCr.1 "f l.~ ", ..... " , ...

Iao:t,..., ....... " ...~ n't'b.~i"'r,l Is- !tU.H ,~ , "..... :1a! ::""''':>Ic':I'', b<'M\..c ,-. .,. '.rk>r.",... lln-ece, .,.. • ,"_~...,,,.tO I· ........ .... _.
UI .... ;'C.1 <>1....~ .:eI Ie.. ,~ • ., ,""II ,.'''';'''~J ," .".~ J(':~,'.:,_. ~... t....,~,. -":":~ ~~ .... ·~·'tr ".. _.. -....

!oo-.,a. ~.o.l\ ,,'1'.1 \Q tr,,, J~to..,poA\ ... 1m.t.:>.""..1 1>0\..', ......... '~l """ .'U "h1:tl W • ...-:- ..fOt tc' ,.._
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,yd. E.L.16J15
THE MINING ACT 1929

in rcspectof s']waFl! miles of land in the Land District of ...)Mont~a\1 &: Franklinsquare k110metres (more or~esS =~ .

. ... as described in the schedule hereto.. .

-

-

•
•
•

This licence shan remain in force until the .. _" .. ;F1::rJtl:~

This li~cncc is subject. to the following conditions:-

1. That the lioensee shall immediately on the issue of this lioenoe
take steps to oommenoe prelim:j,nary works neoessary for the
investigation of t!le area. ..

2. That the lioensee shall oarry out investigations as may be
neoessary to determine the mineral potential of the area, and
in particular will oommenoe .an extensive drilling programme at
one half kilOmetre oentres to test the sediments in the King River
cnannel..

;;. That the lioensee shall employ suoh teChnioal and other staft and
equipment ail may be neoessary effeotively to carry out suoh
investigations. .

4. This lioenoe shall apply to all minerals exoluding ooal and oil.

5. The lioensee .shall notify the Owner and oooupier of private land
before entering suoh land.

6. That the seourity provided by Seotion 15B (5) of the Minina Aot,
1929 (see below) shall be lodged with the Direotor of Mines boforc
entering private land.

7. The licensee shall observe, perfonn and fulfill the ooniitions as
set.forth in Sohedule 'A' attached here~o.

8. The lessee.shall be liable to pay the cost of any work carried
out to remedy any damage arising from any breaoh of the·oonditions
of this lioence.

9. The licensee shall depcsit an amcunt of $250.00 as security that
the conditicns contained herein shall be obserTed. Upon expiry or
sooner determination of the licence, if the lioensee satisfies the
Director o~ Mines that such conjitions have been complied With
the :Director of 1,:ines sh:l.ll refund such deposit, or such portibn
t~eroof, 3.S l:e m::lY determine.

10. If it is ~oundl t:.~t ti:e ooerd.tions hereby authorised, are causing
any u..r:.iuo ;!~.~'.-.:;c to, or erosion 0:', the subject la.'1d. or ot}~er land
in ·.!'".O ...: cin: ";~: t:H:trcof or are unnecessarily disturbing the
c~vir-or."":;J~t, ~::e :·:inistor may~ancel, the licence without compensation
~o :::~1:~c~n~l]c ";;'/ giving seven days' notice in writing at his
in'::'~:1~':'O:'l no to do._

I
-----_._---_.~-
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SCHEDULE

·>C~"~,:::_· ,,". ~~il no!'th-wbct an~le of the area and being a point on 'the
.. ,,:~,:-:::~, .• r.hrj' o~ ::.1.2/74 at high_water-mark on Jl1acquarie Ha:rbour
'II' "n .':-:i co_o:-lintltcs nre 364400 metres E. 5329005 metres N. thence
i':-: ~ .. ';,:: :0 3716~;O:r.otre.s :!';. grid south to 5326005 metres Ii. grid west
~o ~'~q h~l\h_..,atflr_:::ll.rlton~Iacquarie Harbour aforesaid thence in a general.
nort~~rljd1roctionby that high-water-mark to the ~~int of commencement.

EXCLUSIONS

The area embraced by' this iicence shall be exclusive of:-

I

L

L
l
t
I
1

(a)

( b)

(c)

(d)

(e)

All municipal and public reserves arid roadways.

All forms of mining tenements and water licences
including leases, water licences, easement licences,
special and exploration licences, prospector's licences,
miners rights permits to;enter, owners consents and
owners rights which were in lawfUl possession or marked
out prior to the date of marking out of this licence.,

Land exempt from the proviSions of the Mining Act, 19a9.
. .

Land under the National Parks and. Wi1.dlifeAct, 1970, not
subject to the Mining Act, '92~.

Al.l Crown reservations or other land set apart or dedicated
. .

,for any pub1ic purposes.

1

I
J

1

J

j

J

"

'.

'~~
MINIsfli ~OR MIIDiS

I~ September, 1975.

•

•
"

..



J
J
}

I

]
!

J

J
I

I

J
I

]
I

1
I

]
I

jJ

1
j

,]

-'I

I,
,]

,I

~

APPIMlIX VI

MINERAL DEPOSITS LIMITED

"Cone Concentrator Studies and Circuit Designs

On Alluvial Sulphide Ore"
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1.1 MATERIAL'

The material supplied tdMineral Deposits Limited
was a bulk sample of sedimentary material from Macquar;e
Harbour in the south west corner of Tasmania. The
material is a deposition of tailings from the Mount
Lyell Mining Company's copper operation. A complete
sizing copper and sulphur analysis is found in Table 1.1.
The mineralogy of the material is found in reports of
Robertson Research.

The sample as supplied came in 212,'44 gallon drums. The
drums were half or three-quarters full, the material
packed in plastic bags. The numbering on the drums
indicated three distinct samples:-

Group 1 - Drum No. only.
Group 2 - Drum No. plus a Drill Hole No.
Group 3 - Drum No. plus a number between 211 and 221.

The Group 3 series of drums was used as the bulk sample
for testwork. The other two groups of drums are held in
storage at Southport.

The head analysis in Table 1.1 was carried out on a
composite sample from the Group 3 series of drums.

1.2 OBJECTIVES

The object of the testwork was to define a gravity separa­
tionflowsheet for the concentration and recovery. of the
sulphides as a bulk co~centrate. The emphasis was to be
placed on recovery with final grade of product being of
secondary importance. I

I

(hI

•
1.3 TERMS OF REFERENCE I

i
1.3.1 The terms of I'eference are laid down in correspon­

dence and disc!ussions with Australia Cities Service.
Metallurgical :testwork was to be sufficient to
provide adequa'te information for a preliminary
capital estima'te for plant and equipment.

1.3.2 Particular ret~rence to these objectives can be
found in the following correspondence:-

i

Ca) Letter tolD. H. Buchholz from R.A. Graves
dated 18.'1,75.

,,
Letter to Miheral Deposits Limited from Dr.
0.0" Jinks: dated 12.11.75.

Both these letters are found in the ap)endix.
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1.4 SUMMARY

05~

1. 4.1 Sulphur Recovery

The test results and circuit studies indicate
that a three stage cone concentrator plant would
provide a 16% sulphur concentrate at a recovery
of 86.5%S with a weight recovery of 16% •

-

...

-
•

•

•••
•

•

.
The sulphur losses would be in the very coarse
fraction as composite grains and as fine sUlphides
in the minus 63 micron material.

The fine sUlphides could be recovered by cycloning
plant tailings followed by a flotati9n stage.

1.4.2 Copper Recovery

The test results indicate a copper recovery of
approximately 22% in the final concentrate.
Final grade of copper in the concentrate would
be 0.26%.

The copper minerals have been difficult to find and
identify. An extensive program is being carried
out by Robertson Research to identify the form in
which Cu is present.

1.4.3 Process Design

A three stage cone plant has been designed that
will provide the recovery of sUlphur and copper out­
lined in the previous sections. This f10wsheet has
been designed for 1000 tonnes per hour and is
drawn in Figure... 4.1.

1.4.4 Spiral Testwork

The cleaner cone concentration results in8icated a
very high recovery of sUlphur. The grade of final
concentrate could only be upgraded to 24%S by cones.
Additional tests were then carried out oncl·ean£ir
concentrates on Reichert Spiral concentrators. The
results of this testwork are found in a second
report No.15.213.1/2.

11. 1. (-(1'J'V'

M.S. CROSS B.Met.E., A.M.A.I.M.M.

SENIOR PROJECT METALLURGIST

29th April, 1976.

MSC:MM
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ANALYTICAL SYSTEMS

(ii) Heavy mineral separations were carried out
using bromoform to produce a heavy mineral
si.nk fraction and a float gangue fraction.

2.2.5 (i) Analyses for sulphur and copper were carried
out by XRF. For SUlphur assays were also
carried out by gravimetric methods as a
check on the XRF method.

060
3261061

Cone test rig is Fig.
self-explanatory; feed
water additions can be
All final cone products

A sketch of the multi-stage
2.2. The sketch again is
rate, pulp density and wash
controlled within limits •
Can be sampled.

Cone products were dry screened to 63 microns.
Procedure is outlined in Fig. 2.5.

2.2.4 Product Sizing including minus 63 micron material
was analysed as shown in Fig. 2.6.

2.2.1 Sampling

Both test rigs have semi-automatic sampling systems
incorporated with the rig for the taking of timed
samples.

2.2.2 Cone Concentrator products were examined and
analysed as outlined in Fig. 2.4.

2.2.3 Product Sizing

TEST EQUIPME'NT

MACHINES~

2.1.3 For the multi-stage testwork the cone configuration
used was a DSV.DSV.DSV.DSV. This configuration is
shown in Fig. 2.3. The coding is 0 for double
cone, S for single cone, and V for variable insert
on the single cone. The variable inserts are used
for testwork for simplicity.

2.1.2 Multi-Stage Cone Concentrator Test Rig

2.1.1 Single Cone Concentrator Test Rig

A sketch of the single cone test rig is Fig. 2.1­
The sketch is self-explanatory; fee4 rate and
pulp density can be controlled and all wroducts
from the test rig can be sampled via a semi
automatic sampler.

2.2

2.1

2.

•

I
I
I
1
I
1
.,

J

J

J

I
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I

I
I

I
I

I,
I

I
I
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2.2.6 Sizing Qf minus 63 micron material was carried out
by a Warman Cyclosizer.
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TESTWORK AND PROCEDURES

INTRODUCTION

D - Cleaner Cone Concentrator Testwork.

STAGE 1 : SINGLE CONE CONCENTRATOR TESTWORK

C - Rougher Retreat Cone Concentrator Testwork.

Stage 2 - Multi-Stage Cone Concentrator Testwork.

20 gallons of concen­
trates were bled out.

Remarks

Original head feed
from Hole No.216

Additional 20 gallons
of concentrates were
bled out.

Original feed was wet
tabled to produce con­
centrates for test 10-

12Repeat of tests 1-3 .
at lower tonnages and
higher pulp densities

Insert Setting
1 )
5 )
9 )
1 )
5 )
9 )

1 )
5 )
9 )

1 )
5 )
9 )

1 )
/5 )

9 )

Test No.
1
2

.3

4
5
6

7
8
9

10
11
12

13
14
15

A - Rougher Cone Concentrator Tests.

A series of tests was then run to determine some
of the separation characteristics of the sulphides
and heavy mineral. The following table outlines
the test program that was carried out.

The material was washed into the single cone
test rig through a 1/8 inch screen to prevent
oversize interfering with the cones operation.

B - Rougher Cone Concentrator production to supply
concentrates for Parts C and D.

Stage 1 - Single Cone Concentrator Testwork.

3.2.1 Feed for this stage was from the Group 3 series
of drums: 8 drums from the hole number 216 were
used.

3.2. 2 Test Program

Stage 2, being the major part of the program, was then
divided into a number of sections:-

The test program was carried out in two major sections:-

3.2

•

J
•

I

)
)
)

I
•
)
)
1
•

,I
I

•

I,
I•
J•
)
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Test No.
16
17
18

19
20
21

3.2.3 Results

Insert Setting
1 l
5 l
9 )

1 l
5 l
9 l

Remarks

Repeat of tests 4-9
at lower tonnages and
higher pulp densities

•
•
..
..
•
•
•
•
•

Tests 1 to 12 were analysed for both heavy mineral
and sulphuF. Tests 13-21 were analysed for
heavy mineral only. The results for both groups of
tests are shown in Tables '3.1 and 3.2.

3.2.4 Discussion

The main feature of the results is the consistency
of performance. Recovery and upgrade ratio are
not very high for heavy mineral and are slightly
higher for sulphur.

The major reason for the heavy mineral result is
tha~ the mineral excluding sulphides would be irOn
silicates of low S.G. The sulphur results are
bet~er due to the higher S.G. of the sulphides.
The consistent performance can be seen by examina­
tion of the curves drawn in Fig. 3.3.

The top straight lines are a plot of concentrate
TPH versus feed TPH for different insert settings.
The curves at the bottom are a plot of upgrade ratio
versus feed TPH for different insert settings.

3.3 STAGE 2 : MULTI-STAGE CONE CONCENTRATOR TESTWORK

3.3.1 Rougher Cone Concentrator Tests

This section of the testwork was divided into
three sections:-

(al Preliminary Investigation.

(b) Rougher Cone Concentrator testwork for
modelling investigations.

(e) Optimising Rougher Stage testwork confirming
previous testwork.

(a) Preliminary

Material used for this group of tests was a mixture
of the drums from Group 3; 1 drum from the even
numbered holes and 2 drums from the odd numbered
holes.

An initial series of three tests were,run as a.
preliminary investigation. Insert settings used
were based.on information gained from the single
cone testwork.
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Results The insert settings used are recorded
on Fig. 3.4. The results for the tests are shown
on Table 3.5. Test 3 was assayed for sulphur and
these results are shown in Table "3.5.<'·<-

Discussion <The major conclusion is gained from
Test 3. Heavy mineral recovery shows 77% of the
mineral recovered into 66% of the weight and
sulphur recovery is 93% into the same weight. This
result was very encouraging for sulphur recovery and
weight rejection. The reason for the difference
between the two recoveries is the lower S.G. of the
heavy mineral fraction which is in the form of iron
silicates.

(b) Rougher Cone Concentrator Tests for <modelling
investigations

Material used for this testwork was the same material
as for ~a) with additional drums added to maintain
pulp density in the test rig.

Results The insert settings used for the two series
of tests are shown in Fig. 3.6. The cone coding is
also shown on this figure. The results obtained
from the tests are shown in Tables 3.7.A, B, C, D.

The results from these tests are used to establish
a mathematical model that will describe the
ebhaviour of the alluvial sulphide material on the
cone concentrator.

(c) Optimising Rougher Tests

Material used for this testwork was a mixture of
the remaining group 3 drums. All the remaining
group 3 drums were sorted into their hole numbers
as shown below with the drums used for the testwork
shown.

Hole No.'
211
212
213
214
215
216
217
218
219
220
221

No. Left
9
9
8
9
8
2
6
8
1
5

No. Used
2
2
2
2
1
1
1
2
!l
1

testwork are
were assayed

The cone

Results Insert settings used for this
shown in Fig. 3.8. The cone products
for heavy mineral, sulphur and copper.
results are shown in Table 3.9A.

The cone products for Test 13 were sized and analyse.
for sulphur and copper. Results a=e shown in Table
3.9B and 3.9C.
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3.3.2

Discussion : Sulphur Recovery Sulphur
recovery is maintained at 80% to the concentrates.
The basic reason is that the sulphur is present in
the si~e r~~ges where the cone concentrator is most
effective. This can be seen from the sulphur
sections of Table 3.9C. weight rejection to tails
is also high due to the sizing of feed being coarse
in relation to the sulphur distribution.

Discussion : Copper Recovery The copper recovery
and distribution is the reverse to the sulphur.
The recovery of copper is similar to the sulphur
when comparing size distribution, but the copper
distribution in the heads follows the weight
distribution, so the overall recovery of copper is
poor. Reports by Robertson-Research indicate that
the copper is present in a number of different
forms that are difficult to identify.

Flowsheet Design On completion of the evaluation
of the rougher results, an initial flowsheet was
drawn, Fig. 3.10. In order to test the various
stages of this flowsheet, Rougher concentrates 1
and 2, plus Rougher Concentrates 3 and 4 would have
to be produced. As mentioned in the initial pages
of the report, l:ecovery of sulphul: and gangue
l:ejections was mOl:e impol:tant than grade of final
product and l:ecovel:Y. The flowsheet Fig. 3:10
is a basic circuit designed fOl: l:ecovel:Y and not
optimum pl:oduct gl:ade.

Pl:oduction of Roughel: Concentl:ates

The purpose of this section of the testwork was
the production of Roughel: Concentrates to provide
feed matel:ial to a cleaner stage and a rougher
l:etl:eat stage of cone concentl:ation.

The multi-stage cone test rig as previously
described in Fig. 2.2 was modified so that final
products would be bled out of the cil:cuit and new
feed added to cil:cuit at a contl:olled l:ate.

The remaining dl:ums of bulk sample, excluding dl:ums
with numbers between 197 and 210 were then pl:ocessed
to prod~ce two concentrate products plus a final
tailing.

The concentrate products were:-

.- Rougher Concentrates 1 and 2 - feed to Cleaner
Stage.

• Rougher Concentrates 3 and 4 - feed to R.Retreat

• Stage •.... Rougher Tailings - Drummed and discarded.

•

3.3.3 Rougher Retl:eat Cone Concentrator Tests

The feed materials to this stage were Rougher
concentrates 3 and 4 produced ea~'lier in the test
program (3.3.2). There was only enough feed to
run the test rig and insufficient feed to produce
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more concentrates for a c1eane~ stage.

9

066
1

•

3.3.4

Results for the Rougher retreat stages are found
in Tab1~ 3.11.

The result for both tests are similar to those
.found for the rougher cone tests.

Cleaner Cone Concentrator Testwork

The materials used for this section of the work
were the Rougher Concentrates Nos. 1 and 2 produced
in the Rougher cone testwork (3.3.2).

The cleaner cone testwork was divided into a number
of sections:-

Section (a) - Preliminary investigation of cleaner
cone to see what actually happens.

Section (b) - Full cone testing to produce infor­
mation for modelling procedures •

Section (c) - Optimising of cleaner cone to
investigate maximum sulphur grades
obtainable.

Section (d) - Production of Cleaner Concent~ate for
further upgrading tests on spiral
concentrators.

(a) Preliminary Testwork

A series of two tests was run with different in~ert

settings to evaluate the performance of the
sulphides in a cleaner operation.

The insert settings are found on Fig. 3.12 and the
results for the two tests are in Table 3.13.

The results from the preliminary tests were very
encouraging, particularly with regard to SUlphur
recovery. Copper recovery is only slightly better
than rougher tests.

(b) Cleaner Cone Test for Modelling

The results for this series of tests are shown: in
Table 3.14 A & B. Insert settings were the same
as for Test 19; these can be found in Fig. 3.12.
Cone coding is found in Fig. 3.6.

A check test on the overall result was also run to
verify results obtained in tests 20-23. This is
found at the bottom of tables 3.14 A & B and was
test 24.

(c) Optimising of Cleaner Stage

The initial cleaner tests 18-24 indicate excellent
recoveries of SUlphur into concentrates. A series
of tests were then run to maximise sulphur grade of
the final product. The results of these tests Nos.
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25, 26 & 27 are shown in Table 3.16. The insert
settings were the major alteration. The gap of
the insert on both the double cones and single
cones were made progressively smaller. A list of
insert settings is sho'lnl on Fig.3.l5~

The results from tests 25-27 indicate that to '
achieve any significant change in sulphur grades
above 20%Swould mean a significant change in the
recovery with an increase in middling load:
running with a large middling load would increase
losses of sulphur.

(d) Production of Cleaner Concentrates

The previous section marked the end of cone
concentrator tests. Cleaner concentrates were then
produced by a similar method to that described for
the production of rougher concentrates. These
concentrates were then used for spiral testwork to
evaluate further upgrading of sulphur content of
final product •
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4. PROCESS DESIGN

4.1 MATHEMATICAL MODELLING

261069
11 068

•
•

A mathematical model for the Reichert Cone Concentrator
has been designed by Mineral Deposits Limited. The mOdel
utilises the variables, solids, water and mineral tonnes
per hour and slot or insert setting. The model can then
be used to predict performance of the material on cone
concentrators. A second function is to develop circuits
and evaluate the performance of the designed circuit.

4.2 TYPE OF MODEL

In the Australia Cities service testwork a model for the
sulphide ore was developed with heavy mineral being used.
Additional models were attempted for pyrite and sulphur
but were not successful .

•"'"

•-.

4.3 FLOWSHEET

The flowsheet for a three stage cone plant is shown in
Fig. 4.1. Table 4.2 lists cone settings used for each
stage. The stage results obtained from these figures
are shown in Table 4.3 and a comparison with the actual
testwork is shown in Table 4.4. These comparisons are
for both heavy mineral and sulphur recovery.

To relate heavy mineral to sulphur recovery, regression
curves have been drawn. Four curves were drawn for the
various stages of cone concentration testwork:-

1. Single Cone Testwork - Fig. 4.5A.

2. Rougher Cone Testwork - Fig. 4.5B •

3. Rougher Retreat Cone Testwork - Fig. 4.5C.

4. Cleaner Cone Testwork - Fig. 4.5D •
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TABLE 1.1

HEAD FEED SIZE -MACQUARIe-HARBOUR SULPHIDE DEPOSIT - RESULTS

SIZE FRACTION % wr. % S DIST.S % Cu DIST.Cu

300 7.45 0.90 1. 63 0.21 9.57

250 6.94 0.80 1.35 0.17 7.21

210 14.27 0.80 2.77 0.17 14.83

~

178, 20.04 0.70 3.41 0.15 19.60
-

150 9.29 1.40 3,16 0.15 8.52

124 14.76 2.60 9.32 0.15 13.53
;;;;

105 8.51 6.80 18.01 0.16 8.32,.
90 6.45 10.90 17.07 0.16 6.31

• 75 3.52 16.40 14.01 0.16 3.44...
63 2.98 17.40 12.39 0.14 2.51

= -63 3.59 19.20 16.73 0.17 3.73
.".

Cyclone 1 0.32 32.00 2.49 0.23 0.45

2 0.73 10.00 1. 78 0.14 0.62
'* 3 0.25 7.20 0.45 0.18 0.29-

4 0.16 4.00 0.18 0.20 0.23
~

5 0.05 1. 70 0.02 0.20 0.06
~

6 0.68 1.50 0.25 0.19 0.79..
Head 100 4.12 100 0.16 100

-"

•
•
•
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DESLIMING 63 Micron SCREENI ~CREEN
SLIMES 1 T SAND

1 1•.

I WEIGH r I FILTERED I I DRIED I
1 1

. I r I IWEtGH SPLIT WEIGH SPLIT

f
CYCLOSIZER I I

1FRACTIONS WEIGH I I SIZING

1 !
WEIGH

FILTERED AND % WEIGHT SIZEDRIED .

FRACTIONS

rn 1

X.R.F.
Cu .

1 1
% WEIGHT

.
% S % Cu

1 1
S DIST. Cu DIS1'.

RESEARCH AND ENGINEER!NG DEPARTMENT FIG. 2.6
MINERAL DEPOSITS LTD~SOUTHPORT. QUEENSLAND

DR,AWN: ILS.C.
PRODUCT SIZING AND ANALYSIS INCLUDING CYCLOSIZER 30.4.76DATE:
(USED ON BULK SAMPLE HEAD fEED)

SCALE: N.T.S.
..-----
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:UNERAL DE?O=. dS LI:UTED, so" L'HPORT, QUEENSkl~D,AUSTRALIA 3
TABLE.l

RESEARCH AND DEVELOPHENT LABORA'l'ORIES - TEST RESUL'fS AND SU;.u,IAIlY SHEET

Form LPS 1
ISSue 3

PROJECT ~:9 .. ~: TESTWORK ~:~~~~ .. ~?~: .. ~~::~: .. :~~~~NIT " .DATE ..
•

SOLIDS

GRADE
% H.M........TPH

HEAD FEED TAILINGS CONCEN'fRATE ER
TEST I---,,..---...---H------,-------t

MINERAL INSERT SOLIDS MINERAL C
SETTINGS \J

GRADE GRADE E
DENSIT TPH %DIST %. H•••M.. %DIST TPH %DIST H M %DIST R·

% %••'. : y

NO.

5.6 1. ~655.8

39 , 1 18 ..=.13"-+.....::.5::.5:..;'8"-tt=-2.::.1:.;,6:.;0'-1-"5.::.5:..;'2=-_'1-"14..:.::..5:..;5=-+4c..~.:..,:..:3=__H_--++0...1=2=-_1_---+---J+=_17c...:..:5'_1.....:..4~.:..::8:......_+=2::.2::.. 5::6:......-+::.55::..:..:7_*::.5.::.7+-=10.... .::.24-'-.-1

34.02 75.5 13,17 64.4 + 4 11.02 2".5 22.5'> 35.62 45.04 15.~5

1

0,4 1.90

3.9 1.22

03.6 1.~733.6

53.9

17.2

20.2~

2~.11

1+2.119.00 8.5

19.25 ~.O

10.39 22.8

- ~

+ ~

+12

+ 1+52.8

~6.1

66.1+

82.8

77.2 14.07

91. 5 lS. 78

70.0 15.0420.93

32.36

42.57 9~.5 17.13 89.6 - ~ 2.~6 5.5 3~.41 10.1+
.

56.0 13.6~

57.7

57.0

55.5

35.36 20.79

29.46 20.26

7.2 2.03
1----'I--+---t-----11---+----I----+--+l---I---I---+---+--I---I----I--'*I-+-----I
~.:6_.+_2-a_.7_7+1_7_._8_7_t-_5_6_.8-\+--1~_._6_7-+_5_1_. 9_+-1_1_.1_.8_t-3_1_._9--11__-+_+_1_2_+__--+ +1_1+_._1+_4_9_.0_+-2~_._8_1_+6_8-.1~*_8_'1+-_1_.3_9_-1

I 17 26.69 16.75 5~.2 19."76 7~.0 13.~0 59.3 + 1+' 6.93 26.0 26.23 1+0.7 0.7 1.57tt; "1
• L __..L L...__~__-L.. ..L--....lL ..L__-'-__~L....___Jl.__-'-__..L !_~_.l.L._L.----J

3 45.03 18.08

~;:::: ::::: :::: :::::
---r---.-t----t---t+-
_~y.87 14. 79_+_o_r.l_._5--'H_~1_._9.:.9-----j_95_._7-+-13-.-9-0--I-9-0-.-0-f1--_-I--_4_-+__-'-+-__-----j!l-l_._8_8+_-~-._3_-1-3_~_._5_8_-J..l_0_._0_+l_o-.-0+_-2-.3_~__1

--~t_43.'>8 18.~_5-1-.1-~2-4-.6-0-~5-6-.6-+-1-5-.7_2-+.:..4-7-.~--H---+_+_12_ _1_----I----f1-18-.-8-8+-4-3.-4-+2-2-.7-7--+-52-.-6-*~-"_.6+_1_._21_-1

~.41.91~~. 70 I 50. 7 3"1~.:...'::.'4_1-7.:.5.:...3.:.....+.:.1_4.:...-~'8__+_6_2_.8_iJ-__+_+_4_--J. t-__--J.f.l_0_._3_7.j...:2:...4....._7_1-2:...6_._6....6_+3_7_._2_413'_7_._2-\--1_._5_1_-1

L-.:9 .4U5118.62l~._·9_._7-1+-3_9._.".9._0 ..~6.5 17.90 92.7_. - 4 1.45 3.5 38.71 7.3 7.3 2.08

! :1;: I,i 1'~_+~1.56 33.49 55.'- 1-:.26 57.2 27.2 46.6 +12 17.80 42.8 41.74 53.4 1~3.~ 1.25

I.!.:. 139.03 33.71} 55.3 129.81 76.4 28.;8 65.6 + ~ 9.22 23.6 ~9.1~ 3~.4 ~4.4 1.~6
f-- IL-:: 38.34 33.91 5~.3 36.55 95.3 32.50 91.4 - 4 1.791"_~·"?"--J._62_._3_5-,-+-8-•.6-*-8-.6+-_1_.8-7--1

I 13 30.f)1 17.8 58.5 16.20 52.9 13.67 40.6 +12 l~.I+l; 47.1 22.49 59." 9,1+ 1.26
---"t---t-"---j---tI---+--~+-----+-----lj---+---+---+----4I--..- -" - "-I--._+---Ih'-+--~

8.53 30.0 33.0'> ~7.2 47.2 1.63



MINERAL DEP,::>" ... 'rs LI;lITED, so" l'i1PORT , QLJEENSLt,,~D,AUSTRALIA

TABLE
RESEARCH AND DEVELOPMENT LABORATORIES - TEST RESULTS AND SUMMARY SHEET

3.1(coNT~orrn LRS 1
'Issue 3

PROJECT •• ~ ~~_.9: TESTl:~'QRK.S.lti9TJ:. ~OJjF; .MJ< I:{t.J:tlStItT UNIt DATE ..
.

. HEAD FEED TAILINGS CONCENTRATE R

M~TEST INSERT E
SOLIDS MINERAL SOLIDS Mn;ERAL C

SETTINGS tl ~ 5NO. GRADE, TPH GRADE DENSIT TPH %DIST GRADE %DIST TPH %DIST %DIST E
~%.lh!1.· %.lj,.l'1. %.1I.1i· R

% y

18 27.92 16.44 53.6 26.24 94.0 14.97 85.6 - 4 1.68 6.0 39.28 14.4 14. 2.39

19 24.06 15.09 54.1 11.60 4B.3 10.83 34.7 +12 ! 1?, 46 51.7 19.05 65.~ 11\5 1.28.

20 22.90 14.67 53.0 16.96 74.1 11.78 59.5 + 4 5.94 25.9 22.83 40.5 40.5
.

1.56

21 ' 23.61 14.61 52.0 21. 75 92.1 13.44 84.6 - 4 1.86 7.9 28.40 15.4 15. l 1.94

.

r-=--
--I

·

,

. -

r-t ·

I . . ,r' . r-'- --
·

I-'-~-- .

~
..-

l ~

.



• I

:-II'/ERAL DE?O" d'S LVIIi'ED. SO" fHPORT. QUEEN"J.rtND ,AuSJ:'i':'~" t,\ IAB1.E3...2
RESEARCH AND DEVELOPMENT LABORA1'ORIES - TEST RESULTS AND SU;·t·:'\HY SHEET

Form L?:
Issue J

1111I

. A C S S ANALYSIS- SINGLE CONE •
PROJECT _ : .. : .. : TES'I'WORK UNIT DA r8 ..

•
-r---

HEAP FEED TAILINGS CONCENTRATE R
~

R
TEST E A

SOLIDS MINERAL INSERT SOLIDS MINERAL C G T

NO. SETTINGS ? ~ a
GRADE GRADE GRADE E

~TPH
%.. s... DENSIT TPH %DIST

%.. s... %DIST TPH %DIST
%. f ... %DIST R

% y

1 2.81 55.2 2.00 39.3 +12 44 A , An ~n ~ n

2 2.57 75.5 2.13 62.5 + 4 24.5 3.93 37.5 7 ..5

3 2.71 94.5 2.42 84.4 - 4 5. 5 7.67 15.6 5.6
.

4 2.19 56.6 1. 59 40.6 +12 . 44.0 2.96 59.4 9.4

! ' .
5 2.88 77.2 2.33 62.4 + 4 22.8 4.76 37.6 7.6

6 4.03 95.7 3.87 91.9 4 !- 4.3 7.55 ~.1 I 8.1

7 3.27 56.6 2.79 48.3 +12 43.4 3.90 51.7 1.7-
8 3.41 75.3. 2.89 63.8 + 4 24.7 4.99 36.2 6.2

~_... -- ---t
.

r--3-~~-L 9 . 2 6
9 3.29 96.5 3.07 90.1 - 4 9.9 , 9.9.-

!
-."---.

Ef-
13.74 57.2 11.6 48.3 +12 42.8 116.6 51. 7 1.7:i _....

-;-;~-l9.613.26 76.4 11. 3 65.1 + 4 II 34.9 4.9.,
13.62 95.3 13.1 91. 7 - 4 '--~~-r~4 .1 8.3 8.3

-'-" , -• 1-- I

I ,
"'I~" .•• - .'-

k- H i I
I

" ._ L _____i' -

~v
-

[ N.....

... "'!
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261081 080
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CON CON CON
321

FIG. 3.4

DATE, 16.4.75

SCALE. 11:1'. S.

DRAWN: H.V.A.

RESEARCH AND ENGINEERING DEPARTMENT
MINERAL DEPOSITS LTD.-SOUTHPORT, QUEENSLAND

INSERT SETTINGS FOR TESTS 1-3

II ':>0' , I .....~.. , II&. I~'- 1.1" I oj" I ,,,.,,

~
~----

LE"\:y:~,
. ,z"i""-------------.

3,1/':

'L~L~,
SfJ---------.

~f~~----:.-.5 ------,

~~
'~li~'

TAILItloj. ... CON "

I 4DSV

---------_._-_.&-_--

I
]

1
J
1
I
I
J
J
[

I

J

I
j
I

J
!

1
i .

I
I

I
I

J
I

J
!
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MINERAI DEP05£TS LIMITED, SOUTHPORT, QUEENSLAND,AUSTRALIA

I.8BI.E....1..i
RESEARCH AND DEVELOPHENT LABORATORIES - TEST RESULTS AND SmlHARY SHEET

Form LPS
Issue 3

PROJECT. AUH~L.r[\li .C.r.T;q;~ .SJ'l'YI.C.E••••TESTWORK•••R9yg~E.R. r~~~S•••••••••••••• UNI~•• ,p~,! DATE •••••.•••.

ITEST

._-
HEAD FEED TAILINGS CONCENTRATES 3 + 4 OONCENTRATES 1 + 2 ~ U R

~
A

SOLIDS MINERAL SOLIDS MINERAL SOLIDS MINERAL C T

~
R I

NO. GRADE GRADE GRADE GRADE A 0
TPH

%. ii.t;!· DENSIT TPH %DIST %• ij .l1.. %DIST TPH %DIST %.!1..J'I. %DIST TPH %DIST
%Jl.'!!' %DIST R ~

% Y

1 44. 89 21. 59 58.0 15.12 33.6 9.88 15.4 13.96 31.1 17.0 24.3 15.81 35.3 36.9 60.3

.

2 5
"

.45 21.30 58.0 22.31 41.0 7.87 15.2 11•. 21 26.1 20.0 24.4 17.93 32.B :39.1 ·60.4

I .

3 69.;5 21.29 58.0 33.7 48.7 9.83 22.5 15.68 22.7 21. 3 22.7 19.77 28.6 40.8 54.8
-

TEST 3 WAS ALS ASSAYEI OF SUL HUR
.~" .

3 69.15 2.46 58.0 33.7 48.7 0.35 7.0 15.68 22.7 1.65 15.2 1,9.77 28.6 6.71 77.8

I .
I .

I .

I
! -

. ,. .

. -

. •
I
I ..

I . .• - N

! .c-
o
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261083 082

CON CON CON
3 2 1

FIG. 3.6

DATE 16.11.75

SCALE: N.T.S.

DRAWN·ILV.A.

Stage 1

liDS

TAILIN MID

RESEARCH AND ENGINEERING DEPARTMENT
MINERAL DEPOSITS LTD.-SOUTHPORT, QUEENSLAND

2

Stage 2

Stage II

5.•~ ~S2
. ~~ ~C -----.

,~~=~~"
r~1~ ,~.,

7 _'.~ ~S3
. ~f _ ..~__----.

2

INSERT SETTINGS ~ CONE CODING

~- --



-- - ,- •- "" ,- - '- - .-
;TRID,tT,::D,LI:\L

PO.rm J...F.S J.

RESEARC.H AND DEVELOPHEJ.'.T LABORATORIES - TEST RESULTS MID SUMl-IARY SHEET I.8Bl.E..l.1issue 3

PROJECT. "l)~'tP,A!-Wi .cH1;J';S. :>P~V;I.r:t: •••• TESTWORK ••••••RPYIJ!J~R•••••••••••••••• UNIT ••••••'lp~y •••••••.••••••.•.•••DATE ••••••••••

HEAD FEED TAILINGS MIDDLINGS CONCENTRATE
~ ~ ~TEST

I SOLIDS MINERAL SOLIDS MINERAL SOLIDS MINERAL C

NO. GRADE GRADE
11 ~ isGRADE GRADE.. Ii ~, 11- _ 7 TPH %H.M. DENS IT TPH %DIST %.H••l'1: %DIST TPH %DIST %H.M. %DIST TPH %DIST

%tI.~·.
%DIST.... % .... 'Y

S AGE 1

Dl 106.70 18.76 57.5 78.38' 73.5 16.45 64.8 ~8.32 26.5 24.89 35.2 1. 33

Sl 28.32 24.89 58.9 18.92 66.8 18.24 49.1 9.40 33.2 38.19 50.9 1.53--
S f:-~GE 2-----=

112 +99.32 17.79 55.3 65.71 66.8 14.12 53.1 2.61 33.2 25.18 46.9 1.42.-,._-- --- -
S2 32.61 25.18 59.4 20.95 64.2 18.16 46.3 1.66 35.8 37.82 53.7 1. 50
--- f---

SAGE 3

D3 84.61 15.10 53.7 57.09 67.5 12.57 56.1 7.32 32.5 20.39 43.9 1. 35

S3 27.52 20.39 56.3 18.99 69.0 15.91 53.8 8.53 31.0 30.34 46.2 1.49

SAGE 4
.

D4 72.64 13.74 52.0 42.27 58.2 . 11.44 48.5 0.37 41.8 16.92 51.5 1.23. -_._-
S4 .

30.37 16.92 58.2 26.11 86.0 14.90 75.7 4.26 14.0 29.33 24.3 1.73

-- - -
oIERALL UMMARY 0 TESTS 4 - 7 - HEAV MINERAL

FEED TAILIN CONC. S~ & S4 CONC S AND 2

4-7 102.27 20.12 57.5 68.38 66.9 12.77 42.4 12.79 12.5 30.00 18.7 1.06 20.6 37.98 37.9
N

_.~'.. - 0'>
-

--



~ _ ............... ...-. ..... ~ ~ ......... ~ ~, ~ ........ ....- ....... __ r.-.-
~ •. ~

:·:I~r2Kr..l DE?-:/__ ;S Lr~~lTED, Sl. J.'HPORl', QCCEXS 1.,. ••dD ,AUSTRALIA

l'ESEARCH MID DEVELOPHENT LlJ30RATORIES - TEST RESULTS AND SUMMARY

Form LPS 1
SHEET IAB.L£....1..ZBssue 3

PROJECT ... •AU~!l}-,\L.lfu'J .C.IJJ~~ .Sf:iZ,!~C.E TESTWORK" Rpygf!E..R UNIT 4P~Y ................................... .. •DATE ..
•

HEAD FEED TAILINGS MIDDLINGS CONCENTRATE
~ g R

TEST A
SOLIDS MINERAL SOLIDS lUNERAL SOLIDS MINERAL C G btf R

NO. GRADE GRADE G~E G~DE
A

TPH DENSIT TPH %DIST %DIST TPH %DIST %DIST TPH %DIST %DIST E
~4 - 7 %.~' .... %.. ~ .... R

%
%....... %....... Y

SAGE 1 I
Dl 106.70 1.62 57.5 78.38 73.5 1.38 62.4 28.32 26.5 2.6 37.6

81 28.32 2.6 58.9 18.92 66.0 1.4 40.7 9.40 33.2 4.1 59.3
-

~'
AGE 2 .

D2 98.32 1.56 58·3 65.71 66.8 1.04 44.6 32.61 33.2 2.6 55.4 ,

82-
f--. --

32.61 2.60 59.4 20.95 64.2 1.2 29.6 11.66 35.8 5.1 70.4'

~ AGE 3 I ..

D3 84.61 1. 38 53.7 57.09 67.5 0.75 36.8 27.32 32.5 2.69 ' 63.2
1--.

53 27.52 2.69 56.3 18.99 69.0 0.7 18.0 8.53 31.0 7.1 82.0
-

S AGE 4

D4 /2.64 0.64 52.0 42.27 58.2 0.4 36.3 30.37 41.8 0 ..98 63;7
1---

S4 30.37 0.98 58.2 26.11 86.0 I· 0.5 43.8 4.261_1~.0 3.9 56.2.

I
-

OtERALL UMMARY 0 TEST 4 7 - S LPHUR

FEED TAILIN CONS 3 4 CONe 1 + 2

4-7 1.02.27 1.98 57.5 68.38 66.9 0.44 14.7 12.79 12.5 6.02 39.5 21.06 20.6 4.65 47.8

N
'01



'" I iii ~ I 11II j I illY' ~III I I' i.
.,. - ..
•·• .J..·.,_ ....·l.

r-... , "-
~_.~ ~_, ....... ....'~._ ~~.::T, ... ,:,:,::... ~_ .. ::::.~, .. ,.• .3:r?.. ...._A (

IPm.E.J.l.C.
SHEET

Form L!'.S 1
Issue 3

AUSTRALIAN CITIES SERVICE .",. -, ROUGHER . 1IOSV LOGICPROJECT TES f.'10P.l, LJ'1'JI r _ DATE ' ..

HEAD FEED I TAILINGS MIDDLINGS CONCENTRATE R
~

R
TEST E A

SOLIDS MINERAL SOLIDS !·IINERAL SOLIDS MINERAL C G T

~
R I

NO. GRADE GRADE GRADE GRADE
A 0

8
TPH

%.lIoM.
DENSIT TPH %DIST

%.. II .K.
%DIST TPH %DIST

%.II.K.
%DIST TPH %DIST

%II.K .•
%DIST

~ H- 11 %

01 67.95 19.88 ! 56.5 41.56 61.1 14.13 113.5 6.39 56.5 28.95 56.5

81 26.39 28.95 58.0 17.86 67.7 16.311 38.2 8.53 32.3 55.34 61.8

.

I
--

.

f-~!
62.27 15.10 55.0 35.83 59.1 11.66 45.7 5.44 110.9 20.09 54.3

. i 82 25.44 20.09 57.5 16.24 63.8 13.78 43.7 .20 36.2 31.17 56.2

F-~
i

, ~2.16 11.96 53.5 27.19 52.1 9.55 41.7 4.97 117.9 14.58 58.3 . ,

'1 58.0 18.47 74.0 11.78 59.9 6.50 26.0
,

22.43 110.1S3 24.97 14.58 ,
.---..

I.

--
I

-."--. t-
D" 39.04 10.55 51.0 16.68 42.7 8.52 34.11 ! 2.38 57.3 12.06 65.6

f--- ----- -
"

54 22.38 12.06 59.0 18.75 83.8 10.45 72.6 13.63 1.6.2 20.11 27.11 -

--'-- I jI

I ,-=1-1 OVERA, SUMMA Y OF TE TS 8-11 HEAVY INERAL
-

FEED TAILH G CONS 3 11 CONS ~_._.___J____ - 1 1 + 2 I1------ --_.- ------1---_._--- ---- .- '----- _.-._- C1:>
- '"'~-11 63.351 20.79 56.5 I •

35.113 55.9 9.54 25.7 10.19 16.1 21.6 16.7 7.73 28.0 42.8 57.6 i-'o----- ---- 0.

- . CXJ---._---. --- - -
~ ~

.

- ____..1. . --

0
CO
en
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i.MJ.E....w..n
SHEET

~'OL., .PS
l>;sue 3

PROJECT ••••••••• 4 .C.S•••• , •••••••• TESTNORK •••aQUil~a•••••••••••••••••• UNIT •••••••••••'IPS'l .rJ)1JiC •••••••••• Dl'.TE ••••••••••

!TEST I IlEAD FEED TAILINGS MIDDLINGS CONCENTRATE R
~ ~

IDEN~IT~
E

SOLIDS . MINERAL SOLIDS IUNERAL SOLIDS MINERAL C G T

NO. GRADE %DISTIGRADE GRADE
~ ~ ;5

TPH TPH %DIST TPH %DIST %DIST TPH %DIST GRADE %DIST E
~

8-11 %. i>•• %• 13•• %.15 •• %. ~ •• .~

\ 1\
I

1!41.56 61.1 . b6.39
~

D1 67.95 2.01 56.5 1.2 37.2 56.5 3.2 62.8

I
.

! 51 26.39 3.2 58.0 17.86 67.7 1.5 31.2 .'8.63 32.3 6.9 68.8
I

h~I-
62.27 1.2 55.0 35.83 59.1 0.8 37.8 5.'1'1 '10.9 1.8 62.2

52 25.44 1.8 57.5 16.24 63.8 1.0 34.9 9.20 36.2 3.3 65.1

f· ,
-

D3 52.16 0.8 53.5 11 27
•
19 52.1 0.7 36.9 b4.97 '17.9 1.01 63.1

..

S3 24.97 1.01 58.0 ' 18.'17 74.0 0.7 51.1 I ' 6.50 26.0 1.9 '18.9._ ....-
,

1------ j....-- .,_..

D4 39.0'1 0.63 51.0 16.68 42.7 0.5 33.9 2.38 57.3 0.73 66.1

S4 22.98 0.73 59.0 18.75 83.8 0.5 57.6 3.63 : 16.2 1.9 '12,4
-

- -- f-" ..

OVERA! IL SUMMA OF TE TS 8"11 - SULPHU I
.-1--- ---- ---- --_.. ---_.- ---1---",- _.._.... ------- I

FEED TAIL IN S CONS 3 It II CONS 1 ... 2-_.-
8-11 63.35 2.00 56.5 35.'13 55.9 0.5 1'1.0 '12.5'1 16.1 1.9 15.3 f17.73 28.0 5.0 70.7

---'
.__ .

~
"., . ..

. -
.... ._- .. ..
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CON COil COil
321

FIG.3.8

SCALt: H. T. S.

DATE: lG.I~.75

DRAWN: 11. '1.A.

TAILIIlC MID

RESEARCH AND ENGINEERING DEl'ARTMENT
MINERAL DEPOSITS LTD.~SOUTHPORT. QUEENSLAND

A.

LE ~4. :.s~"'------------'

.L~~'
~--_.------,

7

~~
~~---2-----i-'.-----.

~+r~

4D5
INSERT SETTINGS FOR ROUGHER TEST 12 - 14



11'I1, iI'. I .IIII~ il 1111II11. "~l • Ii

-. -
RESE.A.I<ca AHO DE\tEL0P!,lZNT L;.BO&;TORIES - TEST RLSULTS AND SUI·ll-1ARY

:-Jrrr 'S
Issue 3

PROJECT 4tlS;rl%~A. ~1't!~s. "S?I:-,!I..CJ: TES'fl'lOiU< p.QtJqJtE~ tJNIT ltD.SY 0,\TE ..

HEAD FEED TAILINGS lUDDLINGS CONCENTRATE
~ ~fTES.T

1 GRADE-

I MINERAL SOLIDS J.lINERAL SOUDS MINERAL CSOLIDS
~ R I

NO. A 0GRADE GRADE GRADE E
~TPH DENSIT TPH WIST

%.Ij~~.
%DIST TPH %DIST %H.M. %DIST TPH %DIST

%...Ft·.M. %DIST RI %.~:t1. % ........ y

RESULT FOR HEA Y MINEFJ .

12 63.04 22.91 57.5 ~3.96 53.9 12.09 28.5 9.53 15.1 21/..0 15.8 0.55 31.0 1/.1.1 55.7

113 76.55 20.56 57.5 4.95 58.7 11.26 32.1 10.06 13.1 27.2 17.4 1.51/. 28.2 36.9 50.5

14 68.26 19.78 57.5 p8.02 55.7 10.83 30.5 9.98 11/..6 22.6 16.7 0.26 29.7 35.2 52.8

I
RESULT FOR SUL HUR .

12 63.04 2.62 57.5 ~3.96 53.9 0.6 12.4 9.53 15.1 1.8 10.4 20.55 31.0 6.5 77.2
,

13 76.55 2.75 57.5 4.95 58-.7 0.7 14.9 10.06 13.1 2.8 13.5 21.54 28.2 7.0 71 •.6._. -
I

14 .. 68.26 2.20 57.5 ~8.02 55.7 0.6 16.2 9.98 14.6 1.4 10.1 20.26 29.7 5.1 73.7,.-

I
'L

.

--
RESULT FOR COP ER

12 63.04 0.18 57.5 3.96 53.9 0.15 45.3 9.53 15.1 0.1-9 15.7 20.5Si 31.0 0.23 39.0

13 76.55 J.17 57.5 4.95 58.7 0.15 51. 2 10.06 13.1 0.19 14.2 21.54 I 28.2 0.21 34.6-
14 L68 .26 0.19 57.5 ~8.02 55.7 0.19 54.3 9.98 14.6 0.18 13.5 1:~:26 . 29.7 0.21 32.2.

-~-- ,. --_..- ----_.i---'--- -- .-.._-- I' -_. -- -•. -_._''''t• I 1

.-
\)oj. ,
I-'

, ,.

"---' .._.. ---- .-



I
, NERAL DEPOSITS LIMITED

261090
32

08~

SIZE I· S CUM.S DIST. CUM.Cu\ liT. CUM.\ % S % Cumm DIST. DIST. Cu DIST.

+300 5.88 5.88 : 1.6 1. 43 1. 43 0.30 8.08 8.08

+212 18.10 23.97 1.0 2.75 4.18 0.23 19.06 27.14

+150 31.00 54.97 2.2 10.36 1'1.5'1 0.20 28.40 55.14

+106 26.53 81.5 7.1 28.63 43.17 0.21 25.52 81.06

+75 12.56 94.06 18.1 ' . 34.53 77.70 0.23 13.23 94.29

-75 5.94 100 24.7 22.30 100 0.21 5.71 100

,
SIZE

\ lIT. CUM.% % S S CUM.S % Cu DIST. CUM.Cu
mm DIST. DIST. Cu DIST.,

+300 6.23 6.23 1.1 2.13 2.13 0.23 8.15 8.15

+212 22.47 28.71 1.0 6.99 9.13 0.15 19.18 27.33

1'150 34.23 62.93 0.8 8.52 17.6'1 0.19 37.0 611.33

+106 24.39 87.32 2.8 21. 2'1 38.89 0.16 22.2 .86.53

l' 75 8.1I3 95.7'1 12.2 31.98 70.87 0.18 8.63 95.16

- 75 4.26 100 22.0 29.13 100 0.20 . 4.84 100
-,-

ALL SIZES ARE MICRON SIZES

..

CON 1

TEST 13

CON 2

CON 3

.

SIZE
\ lIT. CUM.\ \ S S CUM.S

\ Cu
DIST. CUM.Cu

. mm DIST. DIST. Cu ,DIST •

+300 7.03 7.03 1.30 1.81 1.81 0.2'1 8.79 8.79

+212 22.92 29.94 1.3 I 5.9 7.71 0.21 25.08 33.86

+150 31.56 61. 50 1.2 7.5 15.2 0.19 31. 24 65.11

+106 23.87 85.37 5.7 26.93, 42.13 0.17 21.14 86.25

+75 9.91 95.27 19.2 37.65 79.78 0.19 9.81 96.06

. -75 4.73 100 21.6 20,22 100 0.16 3.94 100



tNERAL OEPOSIYS LIMITED

• 261091 33
090

J
)
•
]

J
J
J
,I
I
•

TABLE 3.9B CONT.

CON 4
'. ..... . '. . .. '. .

SIZE % WT. CUM.% % S S CUM.S % Cu DIST • CUM.Cu
111m DIST. DIST. Cu DIST.

+30P 6.36 6.36 1.6 3.82 3.82 0.22 8.111 8.11

+212 23.31 29.66 0.8 7.0 10.81 0.20 27.01 35.12

+150 34.55 64.21 0.8 10.37 21.18 0.16 32.03 67.15

+106 23.23 87.44 2.1 18.3 39.49 0.15 20.19 87.34

+75 8.15 95.60 9.2 28.14 67.63 0.16 7.56 94.9

-75 4.40 100 19.6 32.37 100 0.20 5.10 100

TAILINGS

SIZE
% WT. CUM.% % S S CUM.S

% Cu DIST. CUM.Cu
nun DIST. DIST. Cu DIST.

+300 17.88 17.88 0.9 19.32 19.32 0.15 20.56 20.56

+212 33.15 51.04 0.6 23.88 43.20 0.14 35.57 . 56.13

H50 29.,64 80.68 0.6 21.35 64.55 0.12 27.26 83.39

H06 13.77 94.45 0.7 ·11.57 76.12 0.11 11.61 94.99

. +75 3.44 97.88 1.6 6.60 82.73 0.11 2.90 97.89
,

-75 2.12 100 6.8 17.27 100 0.13 2.11 100



'~tlNERAL DEPOSITS LIMITED

SIZE RECOVERY OF SULPHUR IN CONE PRODUCTS
•

261092 ~91

f

SIZE CON 1 CON 2 CON 3 CON 'I TAILS SULPHUR
. FEED DIST •

SIZE

+300 10.11 . 9.1'1 '1.60 3.31 12.12 3.12

+212 12.82 18~58 9.'1 3.80 55.38 1.20

I +150 3'1.9 11.0'1 8.26 '1.07 35.61 12.7'1

+106. '16.97 29.98 10.01 3.50 9.'17 32.05

+15 '15.69 33.55 12.12 '1.36 '1.23 2'1.'11

-75 39.6 29.'16 13.98 2.92 14.04 20.47

SIZE RECOVERY OF COPPER IN CONE PRODUCTS

SIZE CON 1 CON 2 CON 3 CON 'I TAILS Cu FEED
DIST.
SIZE

+300 11. 78 9.84 5.66 2.10 70.08 15.33

+212 13.89 14.13 6.64 4.48 60.85 28.79

+150 20.09 17.14 12.43 5.16
I

45.18 27.67

+106 30.22 19.45 12.52 5.44 32.• 31 18.'11

+75 39.13 .22.72 12.24 5.19 20.13 6.12

-75 33.18 17.74 13.59 6.19 28.1 3.69

WEIGHT DISTRIBUTION HEAD FEED

SIZE % WT. CUM.%
WT.

+300 1.'16 7.46

+212 21.21 29.67

+150 29.33 58.00

+106 23.27 81.27 ,

+15 9.91 91.24

-75 8.16 100
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261093

35
NEll FEED

.

I

TAIL ROUGHER CONES

CONS CONS
3, 4 1, 2 -

.

.

TAIL ROUGHER RETREAT CONS TAIL CONSCONES 3, 4 CLEANER CONES 3, 4

CONS CONS
1, 2 1, 2

"

. ,

FINAL TAILS FINAL CONS ,

RESEARCH AND ENGINEERING DEPARTMENT FIG. 3.10
MINERAL DEPOSITS LTD.-SOUTHPORT, QUEENSLAND

AUSTRALIAN CITIES SERVICE DRAWN; M.~.C4

I INITIAL FLOIiSHEET DATE· 9.2.76

SCALE· N.T.S.

)
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- Issue 3
:aESEARCH AllD DE'TEi.:.JP:;;:;:;T L;,ilOF,,-,TORIES - TEST RESULTS 1,:10 Su;.l!,lAHY SHEET

-,
, ,

PHOJ:E;CT ••••• ••A••~; ~ ~ •••••••••••••• TEST.WRK ••••••R.OY~IjJ;,l\ l1J;TW:r••••••••• UNIT •••• ~ns.v••• ! ••••••••••••••••••DATE ••••••••••

I If-,-"'S.;;O,;;;L'1I rD,;;;S__+-_M=I"'N,;;;E'1RA"'L"'-_--tt-_-'S;;.O;;,:LrI;;,:D;;,:S"--t_.;;r';;:lI:,:N;;:E;-:RA=L"-_tt--=S.;;O;;:L:=I:=D.;;S,--+..;;.:M,;;;I;;,;N;:;;E;;,;RAr=L_.....,

TPH i~~: IDEN~IT TPH %DIST I~~~. %DIST TPH %DIST ~~~ %DIST TPH %DIST ;~~~. %D1ST

HEAD FEED TAILINGS CONCENTRATES 3 & 9 CO:;CENTRATES 1 & 2

SUMMA~Y OF CO S TEST HEAVY MINERAL

15 69.48 25.32' 57.5 1 38 . 24 55.1 16.43 35.8 10.37 14.9 30.9 18.1 ~0,83 30.0 38.9 46,1

.~~~+-2_4_'_86_+-5_7_'8-1tl_32_._7_5-+_5~3_,_5-1_14_._7_3_1-3_1_,_7-It_9_,5_9-+_1_5_,_7-+_'_3_0_.5_t-_19_._2_-itf'_'8_._8_8+_3_0_,8_t-3_9_._6_+-_4_9_.l-tl--t------i

J SUl1MAP!Y OF COl S TEST SULPH iIR.,
:1_15 ·••~__.4~8-t-_2~.-4-1-t_5-7-.5_H-3-8.-2-4-t.-5-5_._1_t--_O_. 7_-t_l_6_'_0-jje-l_0_._37-t_14_._9-i1-_3_._1_1-1_8-.9_+DO.:..•.:..8.:..3+_3.:..°..::•..:.°_1_::.5:..:.2=--+...:6::5..::•.::.14+--+---,--

~-t----+:----+--t+--+-----+----+---ll---t---+-,-
.17 61.22 2.56 57.8 32.75 I 53.5 0.7 14.6 9.59 15.7 r--!"-~- I-

J

_1_~_._1_1t-8_.8_8-+_3_0_._8-+__5_.9_+_7_1_._3--it_-1! _

t-----+~-__+---1---t+---- ---'--+-,-,-+-----tt---f--+__ ....----·i----t:I-

•

,
r-__+----+-----f---tt---+--+----f----tt---t----t~-__l_--H_~·jl- -~-+_-___+---++__I---'._.-' ~
____ ...-----+---fl-~ , __ --t--'---I---:. ----+---J-..---. ii±T- J--t+--t--- ;::

I--....-....j-,--t---+~-~__ -. -,,---t---.t-'---.---+--.-tt------t---+- - T----It-~--+----I----il---It--II--g::- :

~,_..J-- .. '- J__ ~ .J__--' .__ ... ...JL__--''--_-'-_
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CON CON CON
3 2 1

FIG. 3.12

DATE, 16.4.75

SCALE: tl. T .5.

DRAWK 11. V.A.

6

2

2

2

5

2

TEST 19

7

2

2

2

6

TEST 18

4DS

INSERT -SETTINGS

TAILItlG '" MID

2

CLEAliER CONE TESTWORK

~ ----:JJ 6 5

~£_~---------------.

RESEARCH AND ENGINEERING DEPARTMENT
MINERAL DEPOSITS LTD.-SOUTHPORT, QUEENSLAND
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\ I r
IABLU.....ll

SHEET

For:n I.l~~,~ 1
Issue 3

HEAD FEED II TAILINGS CONCENTRATES 3 & 4 CONCENTRATES 1 & 2 R
~~TEST E

I
, Ii C G TI SOLIDS MINERAL SOLIDS lliNERAL SOLIDS MINERAL

? R I
NO. I GRADE I " ITPH

A 0
!DENSIT~ GRADE GRADE GRADE E

~TPH
%.......

TJ?H %DIST %....... %DIST %DIST
%......

%DIST TJ?H %DIST
%........

%DIST R
I , % II y

I . RFSrTLT,i. mR "" 'IDlIll: ?AT.

r-UB 72.42 37.12 58.0 35.12 48.5 17.35 22.7 15.70 21. 7 40.00 23.4 21.6 29.8 67.1 53.9

19 I 78.97 3!:i.68 58.0 34.66 43.9 15.30 18.8 18.24 23.1 45.0 29.2 26.13 33.0 56.1 52.0

RESULT FOR SU HUR

18 72.42 6.14 58.0 35.12 48.5 0.8 6.3 15.70 21.7 4.6 21.7 21.6 29.8 15.9 .77.4---

1-
19 78.97 6.55 58.0 34.66 43.9 0.7 4.8 18.24 23.1 4.7 16.4 26.13 33.0 15.6 78.8

,
- .. - ....

RESULT FOR CO PER .-----_.
18 72.42 0.19 58.0 35.12 48.5 0.15 38.9 15.70 21.7 0.20 22.9 ' 21.6 29.8 0.24 38.2._---

~. 78.97 0.18 58.0 34.~~ 43.9 0.13 31.8 18.24 23.1 0.19 23.8 126.13 '33.0 0.24 44.4
.

~ -

t--- I Lf-.

h-.-
.

I
, ,-"-1-- ---- -_.- _._------ ~---- ----_.- " '---'- ----- '--_.

." • •
~.

---,

--, ,---['---f-'--' 0_-'· -' ~

---- --_._- ------- "--.
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SH~'
~

?.ESi:.'_q;:ji AND DEVEL0rm::iT LABOIL;'l'ORIES - TEST RESULTS AriD SUHHARY Issue 3

AUSTRALIA CITIES SERVICE . ,CLEANER CONE • "DSVPROJECT ................................................ TESTI'10RK .............................................. Or-lIT .............................................. DATE ............
, .

HeAD FEED TAILINGS MIDDLINGS CONCENTRATE R
~

R
TEST E A

SOLIDS MINERAL SOLIDS IUNERAL SOLIDS MINERAL C G tNO .. GRADE GRADE GRADE GRADE
S I

TPH DENSIT TPH %DIST %OIST TPH %DIST \DIST TPH \DIST \DIST E
~%.H,. 11. %.H..I1. \. H.II. \. !I.IlI. R20-23 % Y

!
D1 72.73 37.07 58.0 40.69 56.0 29.6 44.6 32.0" 44.0 "6.8 55.4

51 32.04 46.8 6".0 18.86 58.9 32.55 "1.,, 3.18 "1.1 66.6 __.?8.~_ i1--'----- I

D2 63.31 28.21 56.5 33.33 52.6 19.0 35." 9.98 "7." 38.5 6".6

,82 29.98 38.5 6'1.° 17.84 59.5 25.6" 39.6 2.14 40.5 57.36 ~O."

,

D3 55.9 21.97 54.0 127.15 "8.6 16.3 36.1 ~8.75 51." 27.3 63.9- -

S3 28.75 27.3 57.6 17.28 60.1 18.69 "1.2 I 1."7 39.9 "0.30 58.8._---

---I i·

~4 "0.45 15.95 52.5 18.18 "".9 13.0 36.6 ~2.27 55.1 18.11 63."

S4 22.27 18.1 58.6 16.59 7".5 15."6 62.6 5.68 25.5 26.92 37."

l'''i """""
.. -•

OF HEA MINER II. RESUL
-_._~_. - .._-- ---,-

v L TAIL NG CO "CENTRA1 ES 3 & " ~ONCENTF TESl & 2

''"'' ""~" 58.0 3".77 "5.0 1".2 18." 17.15 22.2 35.8 22.9 5.32 32.8 62.2 58.7------ . .-r-'--- w
24 73.82 33.95 58.0 31.28 "2." 12.11 15.1 16.53 22." 32.0 21.1 26.01 35." 61." 63.8 c.o

'---- '-'-~- -,~---- - -- " '.'
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IAB.LE...Llli FQr111 LP;; 1, Issue 3

i ilL5 E."-''1.CH ;~':D DEVEL:'Pi·rt::-rr L;..BOP_;TORIES - TEST RBSULTS AHD SUi·lHAlW SIlEE'l'

i PROJECT. !'!J~'{¥.L;r~.<;~T.r~~ .~.RYJ~F< ••••TES'l'\-IORK •••w;\.m:a MAGE ••••••••••••• UNIT ••• 'Inav••••••••••.•••••••••••• DATE ••••••••••
•!,

IlEAD FEED TAILINGS NIDDLINGS CONCENTRATE R gRI
; TEST E A

SOLIDS MINERAL SOLIDS 11INERAU SOLIDS MINERAL C I
~

R
i NO. I A 0

GRADE GRADE
%DISTI

GRADE GRADE
~t TPH %. P•• DEN;IT I TPH %DIST %.8••• TPH %DIST

%. !>•• %DIST TPH %DIST
%•• ~.

%DIST RI 20-23 Y
,

i
Dl 72.73 6.27 59.0 ~0.69 56.0 3." 30." 32.01+ 1+1+.0 9.9 69.6 :

Sl 32.01+ 9.9 54.0 18.86 58.9 4.1+ 22.1 1-1.18 1+1.1 17.8 77.9-.

-_.-
D2 53. 3~ . 3.52 56.5 33.33 52.6 1.4 21.2 29.98 1+7.1+ 5.85 78.8

.'

S2 29.98 5.85 51+.0 17.84 59.5 2.1+ 21+.5 12.11+ 1+0.5 10.9 75.5
.

03 55.9 1. 85 51+.0 27.15 1+8.6 0.98 25.7 28.75 51.4 2.68 71+.3.
IS3 28.75 2.68 57.6 17.28 60.1 1.2 26.9 11.1+7 39.9 1+.9 73.1

.- .
.

-._-- "i
,

04 40.1+5 1.19 52.5 18.18 1+4.9 0.9 33.8 22.27 55.1 1.44 66.2

SI+ 22.27 . 1.44 58.0 16.59 74.5 0.9 1+6.7 5.68 25.5 3.0 53.3 I-
_. --

aVERA IL SUMMAR OF SUL IIUR RES LTS I_. . -- _._- --'- ---.'-.- --- _..•---- --

~-
- _._--- --

20-23 77.2~ 6.10 58.0 34.77 1+5.0 0.9 6.6 17.15 22.2 4.3 15.6 ~5.32 32.8 11+.5 77.8

73~ ,--.6.0 58.~ 31.28 1+2.1+ 0.6 1+.2 - 16.53 22.1+ 3.2 12.0 ~6.01 35.1+ 11+.2 83.8 ~
21+ 0

--- -



261099 098,

h TEST 25 TEST 26 TEST 27 41

3 5 8

"

~~~
5 6 7

'. ::?

3 5 8

'L~ .~ 6 7 9

~(
. .

2 2 5 ,,
!

c:---~ 5 5 8

~~ I,

2 2 5

.~~.
6 6 9

~l~~ COli
,

COli CON
3 2 1

TAILINO MID

RESEARCH AND ENGINEERING DEPARTMENT FIG. 3.15
MINERAL DEPOSITS LTD.-SOUTHPORT, QUEENSLAND

INSERT SETTINGS FOR TESTS 25 - 27 DRAWN, 11. V.A.

4DS ClArE: 16.4.75

. SCALE, /l.T.S •
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r·
IABLLL.lfi

SHEET

Form LP~~ L
Issue 3

PROJECT ~ ~~:;~: TESTl'lORK c;,L~~~ .S:~~ UNIT ,~~V DATE ..

•
I

!lEAD FEED TAILINGS CONCEN'rnATES 3 & 4 CONCENTRATES 1 & 2 R ~ RTEST E G AI SOLIDS MINERAL SOLIDS IUNERAL SOLIDS MINERAL C
R I

NO. .1 ~ A 0
TPH· GRADE DENSIT I TPH %DIST GRADE %DIST TPH %DIST GRADE %DIST TPH %DIST GRADE %DIST E

~%J!•• ~. %. Jl.l;1. %Jl.t:t. %.<1.11. R, % Y

! -- RES\1.~I.J·OR H. H. I
I

25 70.35 33.62 57.5 36.89 52.4 13.51 21.0 11.99 17.1 3R.? 19.4 1.47 30.5 65.6 59~6

26. 62.59 31.27 58.0 29.92 47.8 13.55 20.7 17.43 27.9 31.7 28.2 5.24 24.1 65.7 51.1._- -
r;3.63

.
L~7 54.39 33.63 57.5 61.8 16.33 30.0 10.37 19.1 53.1 30.1 0.39 19.1 70.2 39.9
I

[ IL, I,
RESULTS FOR SU HUR ,

. +
25 70.35 6.33 57.5 36.89 52.4 1.1 9.1 11.99 17.1 4.7 12.8 1.47 30.5 16.2 78.1

-
26 62.59 6.38 58.0 29.92 47.8 0.9 6.8 17.43 27.9 3.86 16.9 5.24 24.1 20.0 76.3

.. _.
I

27
.

54.39 7.37 57.5 33.63 61.8 1.20 10.1 10.37 19.1 11.9 30 •.7 0.39 19.1 22.8 59.2

I
.•..._-- -
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261101

LEGEND 43
NEW FEED TPH

% SOLIDS
% H.M.

1000.00
58.00
20.00

TAIL ROUGHER CONES

601.00 (14)
44.99
10.47 CONS 3, 4 CONS 1, 2

107.8e 291.20
60.6, 60.39 -
21.5~ 39.11

402.2 531.20
58.02 58.04
19.64 42.51

.

..TAIL
ROUGHER RETREAT

CLEANER CONESCONES CONS 3,4 TAIL CONS 3~4

'4"-4 (6) 45.60 248.80 (8) 124.80
44.34 61.96 40.67 56.52
9.98 115.2 CONS 19.96 18.67 157.60 CONS 53.13

59.94 1, 2 62.23 1, 2
39.76 71.57

,

FINAL TAIL FINAL CONS
,

RESEARCH AND ENGINEERING DEPARTMENT -

MINERAL DEPOSITS LTD.-SOUTHPORT, QUEENSLAND
FIG. 4.1

AUSTRAI,IAN CITIES SERVICE - 1000 TPH DRAWN, M,S.C.

INITIAl fLCWSHEET DATE; 9.2.76

SCALE: )LLS.

100



NERAL DEPOSITS LIMitED

CIRCUIT STUDY INSERT SETTINGS

261102 44
101

Stage Rougher Cone Rougher Retreat Cone Cleaner Cone

D1 2 2 2

S1 4 5 5

D2 2 2 2

S2 5 5 6

D3 2 2 2

• 83 7 7 7

. D4 2 2 2

84 9 9 9



NERAL DEPOSITS LIMITED 261103 45
102

CIRCUIT STUDY - STAGE RESULT - HEAVY MINERAL
AND SULPHUR RESULT FROM MODELLING AND REGRESSION CURVES

Rougher Cones
~

..

PRODUCT TPH· TPH PER % rrr. % H.M. % S DIST. DIST.
CONE H.M. S

Cons 1 & 2 291.2 20.8 29.12 39.11 5.8 I 56.9~ 75.85

Cons 3 & ~ 107.8 7.7 10.'78 21. 52 2.2 11.60 10.65

Tail 601.0 ~2.9 60.10 10.~7 0.5 31.~6 13.50

Feed 1000.0 71.~ 20.00 2.23 100 100

Rougher Retreat Cones

% WT.
.

PRODUCT TPH TPH PER % H.M. % S DIST. DIST.
CONE H.M. S

Cons 1 & 2 115.2 19.2 28.6~ 39·.76 5.6 57.98 79.6~

Cons 3 & ~ ~5.6 7.6 11.3~ 19.96 1.5 11.52 8.~~

Tail 2~1.~ ~(;. 2 60.02 9.98 O.~ 30.50 11.92

Feed ~02 .2 62.0 19.6~ 2.01 100 100

Cleaner Cones

PRODUCT TPH TPH PER % WT. % H.M. % S DIST. DIST.
CONE H.M. S

Cons 1 & 2 157.61 19.7 29.67 71.57 16.2 ~9.95 6~.63

Cons 3 & ~ 12~.8 15.6 23.49 53.13 9.2 29.36 29.07

Tail 2~8 .81 31.1 . ~6.8~ 18.77 1.0 20.68 6.30

Feed 531.2 66.~ 42.51 7.~4 100 100

Cone Circuit Results ,

PRODUCT TPH % WT. %H.M. % S DIST. DIST.
U M c

Final Concentrate 157.6 15.8 71.57 16.2 56.5 86.6

Final Tailing R 601.0 60.1 10.~7 0.5 31.5 10.2

Final Tailing RR 241.~ 2~ .1 9.98 o.~ 12.0 3.2
--- -- -- -- --

Head Feed 1000.0 100.0 20.00 2.95 100 100

-..
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CIRCUIT STUDY - STAGE RESULTS - HEAVY MINERAL
fu~D SULPHUR FRO~ ACTUAL TESTWORK

Rougher Cones (Test'13)

PRODUCT TPH %
' '

% H.M. % S 4""WT • DIST.
(PER CQNE) , H.M. S

Cons 1 & 2 21.54 28.2 36.9 6.5 50.5 71.6
Cons 3 & 4 10.06 13.1 27.2 2.7 17.4 13.5
Tailing 44.95 58.7 11.26 0.7 32.1 14.9
Feed 76.55 100' , 20.56 2.75 100 , 100

,

.. Rougher Retreat Cones (Test 15)

.. PRODUCT' ,TPH % WT. % H.M. % S DIST. DIST.
(PER CONE) H.M • S

,20 ~ 83
,

ConS 1 & 2 30.0 38.9
,

5.2 46.1 ,65,1 !

Cons 3 & 4 10.37 14.9 30.9 3.1 18.1 ,18.9
Tailing 38.28 55.1 16.43 0.7 35.8 16.0
Feed 69.48' 'lOa 25;32 2.41 100 100____ . __ L.____

-

Cleaner Cones (Test 18)

PRODUCT TPH % WT. % H.M. % S DIS·r. DIST.
(PER CONE) H.M. S

ConS 1 &.2 21. 6 29.8 67.1 15~9 53.9 77.4
Cons 3 & 4 . 15.7 21. 7 40.0 4.6 23.4 16.3
Tailing 35.12 48.5 17.35 ,0.8 . 22.7 6.3
Feed 72.42 100 37.12 6.14 100 100

,-- ,,-- .. .

•
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FIG. 4.5B
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JW,lJMIl

Hr. D. H••'Obbo.la.

1laDai....
.luaU&lia-Cld.. SerYlc. 1Do••
Ith Flool'.
151-15S Hacquarl. Street.
IIYDlfEY. lI.S.V. 2000.
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•
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•
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Dec'Daa.

l'lIftbe.1:0 _ 41ac1&u1ae witll ~11'. DOl.lc JiDka ADl1 JoIlD~ oa
1:be 15th of July, th_ toll...... propoaal for cone ooo_t:lP4a_
1:d_k 1>1\ U. alluvial aulphUe _.

It ia 0111" un""rn.tn<lina: that ,oil "l.h to 4eflll4l if. pavltT _uatl_
t10IMhMt t .... th. COllc:alltr.dClD of ... aU\lvLal .1I1pb.1cla _. 111 CII'l1aI> to
prod_ • bulle aulpb.14e CODc.nt:lP4at.. 'Tbto ..... ,,111 CODta1ll of 1:M
01'4•• ,\ a\llphllJ' 111 the tare of PJTlt. iUI<1 otlMr _tal all1phld... A
_tre't......tdning ItS-50\ aulplNa' abeNld be all-t· , ..... bJ' a oooablaadoR
of .,......itT if.II4, It __....,.. flotadon t4OOhll1quea. A plult oaplICltT
01 50-'10.~O t_. pel' clay ia 1I>41cllted at thla &1:....

!be ol>'K1:1ve ia to ...coyer a1: lean 85\ of the all11'hll1' Yaluea IDI4
...oclated ...tal valuea In if. tiMl cono.II'tN<t. or 1II1:• ......uat. 1'l'04=t.
YOIlIlIU ~Uver (I '0 torlIM HIIIl'h ot the _. paoked JA po1,y1:IIeoe Ulled.... ,au-~. 'lb. "lIlpi. will be... 4rlU8<I, "ltA -.a watU'
4_ted. ""icy little (,,5\) - SSO ..ah B.S. d1.lles wW be p1'Uaflt 11II4
tA. IlUlpl. wl11 contain .lIbatmtleJly DO 1lA1'...1al c:oal'AeI' thu 1/1".

'lb. 1:d1:1ng PI'OIftlI v111 be in tlwM atas.al-

1. Sutflo1ent supl. (11-5 tOllIl") wm be d..Uma4 111 a '"~ cyeloae
at 10 alCZ'ODs I the ovo"f1/>w wm be <W'"t~ and atoN<1. 1ba
4e.liMd Ulldo will b. 111:11188<1 ln & "ingl. atlllta COIl. _ClDnt:lP4atOl'
t ..t rl11 fOf' & ""ri•• of 12 t ...1:a. 'lb....all1t" ottbde t ..t. "Ul
clAIte:rD1... tb<o al>!U~ of the _ CIOl:ICentratoro to .""o...fIIlly CGII"'II~1:.

tb.1e v~l.. It wUl abo ?l'OY14. 46t& to t"Uitat. 1:M au0A4 atq.
ot _'lllltratlC!>. 1ba 8Ulj>.w« "iU be .vallol&1:84 bJ' __ 01 Ilo&vy
Uq,lI1d Iift-J.:r.... an4 1zoon and Illl1phUll' ohMlul~. TM _t of
tM_ atag.. 1no111dizlg prell..aln&:toy l'flpor1:1n& 1a utlute4 at
$1.500.00 \11th 8Il&lysl_ c~i.a.

II tb. f1rat aug. c.t t ..~lc La __.~ • 4ociai.on w111 1:baa be
-.a4e to pl'OOaed to the aOlOc04 a1:qa. Til. MCOIl4 .us- w111 _let
of a 1'>.'Oi1'8lD of tIIl1 acale _ CllM8l1t:ratOl' teatvol'k C!Il ~th~
NIlS oluJler _tAg". tm4. U Sooloated. ""'ll.aIlC>l' atas,;$lI. Th1a
p:ro!P'.... Ifill dd1M ti14 <::<Il:lceI1trat1on plant fJ.owal>toet. A ...~
PI'OP'U of epiNJ. t.anat'k for "",,"c_trate upgNoC\1ll& Y!ll J)o .. puot
ot thl. uooad *Uie. 'lb. ..tiNted COlIt of th. llecc04 atq.
~1Id1ul! a=lyda U $7,000.00. .&n.lysl. t",qim!q\aU vW be
aWw to U:OliIW of IIIt4118 1. ')

•• ~,• . /2
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1&th o1l11y. 11175

10 _nine daya.
20 k!1Ig days.
10 n11>& daya.

61:.... 1
&t&ji.l 2
£1:&&a 3

11'1 ...... tk.1:q :'n",' l"·O'.""" for tho OCtoher/Nover.l1:<Il' .....i04 &n'1 ant1oipat"
'the following U .. 8CIal.l-

S. '!he tl,;'·.\ "t"o:<\ whidl 111 illt.PAl vitb the second J.a t1D&l
ftpol'tJ.Da _d analyat. 84 "* <mt1c1pat. tM't ti>1a vU1 _
01.Si)O.OO.

"'" t1"",,1: ."'.. 'Oil!" ;){·"io()$.:l1 b ,mt'Hclantly d..:lnl~!.vQ .."d "'" 1001< ~orward

to YO":.a" rc;:tll.

261110
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lie b.>pe th~""'!';;M if v" ean COL_ne.. 'Ifaro)c In 'tb" f!1!"5t "eak of October .._
woll1d b4a:-·l" to (;01l,let" OU1" N:><>l'tfiby "arly l)"""",baJo. You"U1
realill.. of COUl'S<' t:l1l1: tbe coate .'L_ only astbmto:l. hU1: _ haYe all_4
t~ .....t1el:'o1t.. 'J """t InCl'e""". 1n the ~:tt fow months •

on.. iU"l:,,::c~ \;;,.'): t" J.,o, "..rta"'....1 1a 111m<ld at "\l!l:"'l'tlng tt.. eona
concentr4tOl" 1't!:!1t; ""'!'O~_~. If \,'0\1 roequir. J8Q1". 4ectaU.d. -..1151& of soma
oI't~..~ ~~.r'\,)t:~.~·:~ "t" 1:. ~.f.J"'.T Inc\D'" ~flJ.l'tic~.l col\'l"n.

You are \rglr..c'M.tl 'to ~"Vl! your rep.....,,~n:t;,i.tiv.., en :11t(" ~w."!n3: peri~4. of tIM
~e.t rl'Oj,"l:'l1Jl'J. ,.~ ~b :"""'!,T""" "UI S'trctcl, OVOl" 11 portod of two _tlla.
'tb1. abo\;1,1 tMit .:n"_"7£n~cdCln ti. r.n.rt\~ptlJ-r cenve:\t'Cwt L.~~1t1.

lie ,wl1~. 0:' C\"!I'tr:.;!' ::::~"::~ ~.~LVll\.,le 'tn :'t'u sa~lo:J of 'tes1: product. of tdM.tever
.b. you 5!'4cUy. ',:" ·.<ill dao r-roduc," and pac" II hulk all1pblo1. _Quat"
to:' 1i1~pr.~.it fGt: ~·,r_~~f-Jt· ..roel"!~sht.t. "t'r-an£.por't..~'t~un~ta of 'th...
~lu \,.,.u~ 1\0....,·"'1' t", aMltl0·,.:l1 '«, too "l,.~v. "''''j;X'JJll.

J

I

. '

1
I

I
!

1. A. cr';;1/tS
GROUP r.1."·AI.~~Gt::E

GO. rr. v. ~~~.
SQn!.or r:--oj,~~ CvoloJ;!!lt ... ~:ln~!"Al;\t

Clti.. Servlc3 Int~l'NLd",,&l. Inc••
!;2! 30ut h £oeton a

'ikox -;~7"

mill<. Ok14ho"". 7"102.
(~ copy to Sya4ey oftlce).

00. Hr. !.. lIuU.",
}=.u41;8r.
IlobartllOn !l<lsellrClh (Aurt.....Ua) Pty • Ltd. • M""s Vole Road.
toWNIl.
1I.S.1I. 2516.
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REPLY TO:
. P. C.BOX :17"

TUL8A. OKLAHOMA 7.'02
u......

f.)~e~e'J7l
, I .-,t

<,Doug as D. Jin..1<s ~
Senior Projects Geologist

TUt.13A. OKLAHOMA

November 12, 1975

DDJ:jh

cc: Mr. D. H. Buchholz
Mr. R. A. Graves

writing.
with you,

This letter serves as confirmation of Cities Service's intention
to proceed with the cone concentrator tests discussed with Mr. R. Graves
on July 15, 1975 in Southport. It also serves as an acceptance of your
work proposal dated July 18 and addressed to Mr. D. H. Buchholz. Regional
Manager, Australia-Cities. Service Inc•

I wish to apologize for the delay in acknOWledging our.intent in
As either Mr. Budlholz or myself have been in telephone contact
I trust that this delay has not caused any serious problems.

roconfirm our recent telephone conversation, I will plan on
being in Southport around the end of the first week in December to observe
the full scale cone tests scheduled to be in progress at that time. If these
tests are delayed, please let me know so I can adjust my schedule.

I am looking forward to seeing you and to a successful program.

Best regards.'

Dear Dr. Holland-Batt:

Dr. A•.B. Holland-Batt
Senior Resea~ch Metallurgist
Mineral Deposits Limited
81 Ashmore Road
Southport, Queensland
Australia, 4215

TE:LEPHONE ,aun B60·a2U
TELEX: ...8 7480
CABLE: CITEXTUL.
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JINERAL DEPOSITS L1MITE~

TERMS OF REFERENCE
,

The terms of reference are based on discussions held with
R. Butler of Robertson-Research and M.D.L. personnel plus
telex confirmation from Dr. D. Jinks of Australia Cities
Service dated March 11th 1976.

The purpose of the testwork was to find out if the cleaner
concentrates or final concentrates produced from the cone
plant could be upgraded in sulphur content above 40% and
maintain a reasonable recovery of sulphur ina cone-spiral·
wet gravity concentrator.

1
113

From the series of six tests conducted on the
spirals, a final sulphide concentrate assaying
43.9% S was obtained. i

As pointed out earlier, the copper minerals are
hard to identify and equally hard to recover.
Final spiral concentrate assays 0.33% Cu•. This
would give a copper recovery of 12% into the
final concentrate~ From -these results the
copper is not associated with the sulphur minerals
to a i.:ery large extent ~

In a spiral-cone concentrator plant a final
sUlphide product assaying 40% sulphur, recovery
of 80% sulphur and a weight recovery between
6-8% could be achieved. Table 1.4 shows a
summary of the cone plant studies and cone-spiral
plant studies.

OBJECTIVES

261114

INT~ODUCTION

MATERIAL

The material used for the spiral concentrator testwork
was cleaner concentrates from the cone concentrator
testwork as outlined in section 3.3.4 part (c) of
Mineral Deposits Report No.15.213.l/l titled "Cone
Concentrator Studies and Circuit Designs On alluvial
sulphide ore".

SUMMARY

Copper

Sulphur

1.1

1.3

1.

1.4

I
I
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M.S.CROSS, B.Met.E., A.M.A.I.M.M.
SENIOR PROJECT METALLURGIST

14th May; 1976
MSC:MM

2
261115

-.

Proaess Design An integrated cone-spiral plant flowsheet
has been designed. The size and circuit is ­
shown in Fig. 4.1. The cost for such a plant
excluding a dredge would be somewhere in the
range of 3-4 million dollars Australian.:

}INERAL DEPOSITS LIMITED
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INERAL DEPOSITS .LIMITED

, 2. 2 .1 Sampling ,
The spiral test rig has semi-automatic sampling
systems incorporated with the rig for the tabling-of
timed samples.

2.2.2 Spiral products were assayed for sulphur only by
X.R.F. analysis.,

FOr the spiral concentrator testwork a two stage rig was
used. The following table outlines the test rigs that
were used for the testwork:-

115
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TEST NO. FIG.NO. TOP SPIRAL BOTTOM SPIRAL

1 2.1 Mk.IIA Mk.IIA
2 2.2 Mk.IIA Mk.IIB

-3 2.2 .Jolk. IIA
' ,

Mk.IIB
4 2.2 Mk.IIA Mk.IIB
5 2.2 Mk.IIA Mk.IIB
6

,
2.2 Mk.lIA Mk.IIB

, '.

ANALYTICAL SYSTEMS

261116

TEST RIGS

TEST. EQUIPMENT

2.2

2.1

2.

•
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3. TESTWORK

l"c,

3.1 PROCEDURE

Two preliminary tests were carried out to explore the
best type of configuration. These are tests 1 and 2.

116
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..

3.2

On examination of these products, an additional three
tests were run to find peak sUlphur grade. These are
tests 3, 4, 5. '.'

On completion of these three tests a final optimising
test was run to verify the results.

After testwork was completed, a final spiral concen~rate
was produced using all the cleaner concentrate feed.
This is for Australia Cities Service. .

RESULTS

orhe results
3.1A & B.
was changed

for the six spiral tests are found in Table
Between tests 2 and 3 the feed in the test rig
due to some possible contamination.

This explains part of the head feed upgrade; the other
contributing factor would be the method of taking the feed
from the cleaner concentrate. A representative· sample was
taken from the complete cleaner concentrate product•

. 3.3 DISCUSSION

The results are almost self-explanatory.
that a 40% plus sulphur grade product can
reasonable recovery.

Test 2 indicates
be produc~d at a

As attempts to increase this grade are made, recovery of
sulphur falls away without significant increases in sulphur
content of concentrates. This is shown in tests 3-5.

The final test confirms the result of test 2; an excellent
final product is possible with a reasonable spiral recovery.
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261118

PROCESS DESIGN

CONE-SPIRAL CIRCUIT

An integrated cone-spiral concentrator circuit is shown
in Fig. 4.1. This circuit should ensure an overall
recovery of sulphur at 80% and a final concentrate grade
in excess of 40% sulphur. The weight recovery into final
concentrates would be 6-8%.

The copper grade of the final product produced from the
cone-spiral circuit was 0.33% Cu with a rather poor
recovery of 12%. Table 1.4 summarises the results for
both sUlphur and copper.

•
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.

wr. % SULPHUR RECOVERY COPPtR RECOVERl
% %

Original Feed 100 3 100 0.16 100

Final Product 16 16 85 0.26 26Cone Plant

Final Product ! • .
Cone-Spiral 6-8 40 80 0.33· 1.2

. Plant I

TABLE 1.4

JMIN£RAL·QEPOSITS LIMITED
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WASil WATER

WASH WATER

1

TUN
SPIRAL

'STAGE 1
TAIL
,

l t
STAGE 1
CO:Z':;ENTRATi:

1

TnN
SPIRAL

·I,
••

7

CLOSED CIRCUIT
\'lASH WATER
SYSTEM
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STAGE 2 '-r~---'-I-."..... "-... " .
TAILING"~ -,!~ STAGS 2

T -""' KliDI.lli3
STAGE 2
CONCEHTRATE

..

..
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,
OVERFLOW FESD

BIN

SPIRAL r:;·;;O-D---Q

REICHERT MINING EQUIPMENT DIVISION
MINERAL DEPOSITS LTD.-SOUTHPORT, QUEENSLAND

. FIG.2.2

SCHE~~TIC ARRANGE¥.ENT OF SPIRAL TEST RIG SYSTEr.
INDICATII<G COIiDITIOllS FOil CERATI11G TNO Tn:1
SPIRALS IN A SERIES CONFIGURATION.
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STAG1-: 2
TAILIr:G

-'

CLOSED CIRCUIT
WASIl WATER
SYSTEM

onll­
FLO;'/

1

TWIN

SPIRAL

- STAGE 2
CONCENTRATE

~\-----+---I/

FEED I
BIN

SPIR:"L FEED·

II

REICHERT MINING EQUIP.Y.ENT DiVISION
MINERAL DEPOSITS LTD.-SOUTHPORT, QUEENSLAND

i- FIG.2.1

DRAWN: il.Y..B.
SCHEMATIC AR:UtHGBf·~ENT (1}"" SPIRAL 'l'EST RIG 5Y5TS11
IllDICATING CO!lDITIOHS FOR OP:;R.;TInG T':iO r-:iur
Sf'lIRALS IN ,\ SZRI,SS CONFIGT..rRATIOI-J.

'-----------_.
DATE:

SCALE: H.T.S,
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NEll FEED

.

TAIL - ROUGHER -CONES
(14)

-

CONS CONS
3, 4 1, 2

-

TAIL
ROUGHER RETREAT CONES CLEANER CONES

(6) . CONS TAIL (a) CONS
3, 4 . 3,. "Ir

CONS . CONS
1, 2 1, 2

~
SCAVENGER SPIRALS ROUGHER SPIRALS
MK.IIB MK.IIA

(60 twins) , (100 twins)
,.. ,

TAIL CONC. TAIL CONC.

FINAL TAIL CINAL CONS.

RESEARCH AND ENGINEERING DEPARTMENT FIG. 4.1
MINERAL DEPOSITS LTD.-SOUTHPORT, QUEENSLAND

AUSTRALIAN CITIES SERVICE _ DRAWN: H.S.C.

DATE, 9.2.76
CONE-SPIRAL FLOWSHLET

- -- SCALE, N.T.S.
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TABlE 3 1A Porm LP.5 1

RESEARCH AND DEVELOI'H~"T LABORATORIES - TEST RESULTS AND SUl-lMARY SHEET • Issue 3

. PROJECT .; '._ ' ". TES'I'WORK .. ' "- ! ':' UNI'':!; ...................................................... • DATE ' ..
, '

HEAD FEED ROUGHER TAILINGS CLEANER TAILINGS LEANER CONCENTRATE R
~ ~'fEST E

SOLIDS MINERAL SOLIDS I-lINERAL SOLIDS MINERAL C Rf
NO. GRADE GRADE GRADE GRADE ~ ~OTPH %.s •• DENSIT TPH %DIST

%.. ~ ...
%DIST TPH %DIST

%.~ •• %DrST TPH %DIST
%.. ~ ....

%DIST R
% Y•

,
1.19 69.6 6.2 29.8 0.15 8.8 27.5 16.5 0.37 21.6 36.01 1~71 14.5 -

I
.

SCAVE~~ER TAl SCAVE GER CON ::ENTRAn: ROUGHING R CON~~ r ••~.TE

2 11.47 17.3 - 0.69 46.9 3.2 8.6 .41 27.9 18.8 ,30.2 0.37 25.2 42.1

3 1.94 20.6 0.95 49.0 5.8 13.8 0.56 28.4 28.3 39.4 0.43 22.1 43.6

53.7

. : .
. ,

61.=/ I
,

46.8

I----I--I---f---!i,--il--+---+---fl--il--+--.--f---fI--1---t---f---tt--t------'j
4

5 2.08

21.1

20.7

1.12 51.4

1.08 51.9

6.2

5.4

15.2

14.0

0.63 28.9

0.63 30.3

32.3

32.4

43.5

116.5

0.43 19.7

0.37 17~8

44.3

45.2
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APPENDIX VII

WE AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES (AMDEL)
>---""

"Lamflo S.luice and Spiral Beneficiation Tests"
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1. INTRODUCTION

Australia Cities Service Inc., are currently carrying out a conceptional
study .>n the feasibility of varibusbeneflcia-tion processes for the treatment
of the coarse delta sand deposit from the }~cquarie Harbour sediment.-

The material in this d~posit originated as a result of the deposition
-of the solids from the tailing pulp discharged into the Macquarie river
from the Mount Lyell copper treatment plant. It contains heavy mineral
sulphides, mainly pyrite (total sulphur content as much as 3.}%), together
with a small amount of the unclaimed copper minerals (at least 0.15% eu).

The objective is to produce a sulphide concentrate suitable for the
manufacture of sulph?ric acid and to recover portion of the copper by
carrying out an acid leaching stage on the roasted sulphide product.

Results of test work carried out so far indicate treatment probably
will require primary gravity concentration stages aimed at rejecting as
much of- the gangue mater~al as is possible with minimal loss df the
sulphide minerals and a secondary flotation stage to assist grade
improvement.

Amdel's involvement in this project arose from the availability­
within Amdel of a Lamflo sluice together with spiral gravity separators.
The sponsor _was interested in investigating these separators as an
alternative primary gravity beneficiation stage- for the beneficiation of
a composite sample of-their coarse delta sand sediment and to compare
the separation results obtained, in this case, with those achieved as a
result of independent investigation carried out with the Reichert cone.

This report outlines the results of-this investigation,

2. MATERIAL EXAMINED

This testwork was carried out with 'Batch No~' composite sample from
the Macquarie Harbour coarse delta sand sediment received 6/1/76 and
contained in twenty five 200 litre polythene lined, sealed drums. The
material, essentially of minus 710 m with negligible fines, haa a net
dry weight of 5.5 tonnes. Details of the results of size and assay
analyses carried out on a head sample spear sampled from the 25
drums, are included in Tables land 2. The specific gravity of the
dry head sample was 2.85.

3. ANCILLARY MATERIAL

The following ragent was used for the purpose of preliminary, assess­
ment of the test results:
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Name

T.B. E.
(Heavy liquid)

Composition

Tetra bromo ethane

Use

Heavy liquid separation of
the hea'~' minerals in- th~ dry
test ptoductsat:

51'. gr. 2.95 (Tests 3 to 5)
51'. gr. 2.90 (Tests 7 to 9)
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4. EQUIPNENT USED

The following equipment was used in the tests:

Uineral Separator Spirals (2)

Denver 1.2 x 1.2 metre conditioning tank (1)

2.54 x 3.81 em Harman 3.7 kH Illotor fixed speed pumps (2)

Lamflo Separator (1)

Automatic Salllple Cutters (4)

Standard Screens (AS 1152 - 1973)

127
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5. EXPERlUENTAL PROCEDURE AND RESULTS

---

5.~ Samole Preparation

The contents of the twenty five drums were, dewatered and the settled
solids were spread onto a concrete apron and air dried to 5% moisture.
Mixing was accomplished by coning five times with a front-end loader.

Preliminary testing of a 0.5 tonne parcel of the composite sample
revealed the presence of plus 1.27 cm stone pebbles which caused blockageS
to arise in the feed lines. Consequently it was necessary 'to screen
the balance of the composite sample over a 0.635 cm screen to remove the
pebble fraction. The weight of pebbles screened from the balance of'
the bulk composite sample was negligible.

5.2 Preliminary Closed Circuit Lamflo Tests

Preliminary tests with the Lamflow separator were carried out in closed
circuit by returning the concentrates (3) and tailing products back to the
Denver feed mixing tank charged with approximately 0.5 tonne (dry weight)
of the pulped composite sample.

Tests were carried out by varying the cutter slot widths and feed
pulp flowrate while maintaining the pulp density and deck slope constant.

Best performance for the Lamflo separator was obtained when using a
cutter slot width of 0.635 cm (!z") as this enabled concentrate weight
recoveries of the order of 50 to 70% to be obtainable when operating close
to the recommended feed rates of 5:6 to 7.8 dry tonnes/hour.

Three tests, Test,< 3, I, and 5 at dry feed rates of 5,49, 6.05 and
6.5 tonnes/hour respectively were carried out when operating at the
above cutter slot widths and feed solids concentration of the order of
52% solids weight. The results of these tests were assessed by carrying
out T.B.E. heavy liquid separations on the test products. The results
are shown in Tables 3 to 5 and graphically illustrated in Figure 1.
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5.3 Production of Low Grade Bulk Lamflo Concentrate From
Open Circuit Runs (Test 6)

Production of a low gtade bulk Lamflo concentrate for spiral cleaning
tests was carried out by running approximately 2,0 tonnes of the pUlped
composite delta sand sediment 'through the Lamflo separator when run in
open circuit. To ,treat this quantity of the composite sample four 0,5
tonne (approx.) parcels of the sample were run through the separator
separately. The average feed rate for these runs was 5,7 dry tonnes
per'hour at an average pulp solids concentration of 52% solids weight,

The dry solids weight distributions for the bulk concentrate and
tailing products were ,determined by tonnage measurements on the thickened
bulk Lamflo concentrate and tailing pulps,

Initial assessment of the results was done by TBE heavy liquid
separations on samples of the test products. Final assessment of the
Lamflobulk concentrate and tailing products for Cu, Zn, Co, Mo and Total
sulphur.. The results' are shown in Tables 6 and 7,

S.4'Opcn Circuit Spiral Cleaning Tests

Spiral cleaning of the.bulk Lamflo concentrate was investigated by
operating the Denver feed mixing tank in open circuit with a two-stage
spiral circuit using a normal rougher/cleaner configuration with the
cleaner spiral tailing returning to the rougher unit,

Four Tests, Tests 7, 8, 9 and 10 were carried out by feeding
separate batches of the bulk Lamflo concentrate pulp, agitated in the
Denver mixing tank, at a pulp solids concentration of apprOXimately 52~
solids weight to the rougher spiral feed box where it was diluted to
approximately 30% solids weight with· fresh make up water. The dry
solids feed rates during these tests were within the range of 0,54 to
0.66 tonnes/hour. Wash water was added independently to each spiral at
a fixed rate of .3.5 litres/minute,

Variation in the cleat:ler spiral concentrate weight recovery was
accomplished by varying the angle of the cutters at the spiral concentrate
ports.

During each test samples were taken of the bulk Lamflo concentrate
(rougher spiral feed), rougher spiral tailing and cleaner'spiral concentrate!
These samples were assayed for Cu, Co, and Total sulphur, The results are
shown in Tables 9 to 12.

Preliminary results for the T,B.E, heavy liquid separations carried
out on the bulk Lamilo concentra"e (rougher spiral feed), cleaner spiral
concentrate and rougher spiral tailing are shown in Table 8 and graphicall­
illustrated in Figure 1,

6. DISCUSSION OF RESULTS &~ CONCLUSIONS

Total sulphur determinations on the Lamflo and spiral test products,
were by gravimetric procedures, which were found to be,more accurate than
the tube furnace method,.
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The weight recovery results for the spiral tests have been determined
from the Total sulphur analyses on the test products as these are
·considered more. reliable than those caleulated from the other elements which
occur in lower concentrations;

For the spiral tests difficulty was experienced in obtaining mass
balances when using the assays for the trace elements Zn and Mo. There-
fore these results have not been included. However the indications
were that these elements tend to report in the higher weight fractions
recovered.

The beneficiation results achieved for the.Total sulphur, copper and
cobalt when using the Lamflo separator as ~n initial rougher concentration
stnge and spiral separators in a cleaning stage are outlined in Figures
2, 3 and 4 respectively. The best results achieved (Test 7) show a
concentrate grade of 14.6% T.S. and 0.23% copper for respective recoveries
of 79.7 and 23.7% from the original composite sample treated. These
results correspond to a weight rejection of 80.9% of the original
composite material treated. It is obvious from the test results that
effective recovery of the copper constituent will not be possible when
employing this type of gravity treatment circuit.
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TABLE 2: DETAILED SIZING RESULTS

Weight %

Mesh BSS Retained Cumulative Passing

710

500

355

250

180

125

90

63

45

22

30

44

60

85

120

170

240

350

-350

0.4

0.4

3.3

12.9

29.3

22.7

16.5

6.4

3.6

4.5

100.0

, ....

.'
: .

"

99.6

99.2

95.9
, 83.0

53.7

31.0

14.5

8.1

4.5

.' ".

" ..

.:.~ .

,,
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TABLE 3: TBE ASSESS~~NT OF RESULTS FOR CLOSED CIRCUIT
L~fFLO TEST NO.3
Feed Rate: 5.49 dry tonnes/h (4.9 tons/h)
Feed De~sity: 53.7% solids weight
Deck Slope: 14· .
Slot Width: 0.635 cm
Sp. Gr. TBE: 2.95
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Product

Conc. 1

2

3

Tail

Feed' (calc)

Product

Dry Solids \\'eight % Wt % Heavy Min % Heavy Min. Distribution
Sp. Gr. Fract, . Cum. Fract • Cum, Fract. Cum.

2.98 27.6 27,6 24.6 . 24.6 46.7 46.7

2.84 29.8 57.4 14.6 19.4 29.9 76.6

2.79 14.5 71. 9 9.8 17;5 9.9 86.5

2.77 28.1 100.0 7.0 14,5 13,5 100.0

2.85· 100,0 14.5 100,0

TABLE 4: TBE ASSESSMENT OF RESULTS FOR CLOSED CIRCUIT
~fFLO TEST NO.4
Feed Rate: . 6,05 dry tonnes/h (5.4 tons/h)
Feed Density: 52.8% solids weight
Deck Slope: 14·
Slot Width: 0.635 cm
Sp. Gr. TBE: 2.95

Dry Solids Height % Wt % Heavy Min % Heavy Min. Distribution
Sp. Gr. Fract. Cum. Fract. Cum, Fract. Cum.

2.97 23.3 23.3 25.1 25.1 43.3 43.3

2.83 27.3 50.6 15.2 19.8 30.7 74.0

2.80 12',7 63.3 10.8 18,0 10.2 84.2

2.78 36.7 100.0 5.8 13.5 15.8 100.0

2.84 100.0 13,5 100.0



Product Dry Solids Weight %* l't %Heavy Minerals % Heavy Minerals
Sp. Gr. Distribution

Bulk ·Conc 2.90 69.2 21.4 87.9

Tail 2.76 30.8 6.6 12.1

Feed (calc) 2.86 100,0 16.8 100.0

* Calculated by carrying out tonnages' tests on Lemilo products.

=
Dry Solid Weight % Wt % Heavy Min % Heayy Min. Distribution

Sp. Gr. Fract. Cum. Fract, Cum. Fract. Cum.

3.02 20.3 20.3 28.4 28.4 40.2 40.2

2.87 . 26.5 46.8 16.1 21.4 29.8 70.0

2.83 10.8 57.6 11.5 19.6 8.7 78.7

2.78 42.4 100.0 7.2 14.3 2i.3 100.0

2.86 100.0 '14.3 100,0 ,

J

J
J
J
J
J
J
J
J
J
J
J
J
J
]
•

I•
j

~

)
1

J

Product

Conc 1

2

3

Tail

Feed (calc)
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TABLE 5: TEE ASSESS~~NT OF RESULTS FOR CLOSED CIRCUIT
~lFLO' TEST NO.5
Feed Rate: 6,5 dry tonnes/h (5.8 tons/h)
Feed Solids Concentration: 52.4% solids weight
Deck Slope: 14~

Slot Width: 0.635 cm
Sp. Gr. TBE: 2.95

TABLE 6: TBE ASSESSMENT OF RESULTS FOR OPEN CIRCUIT
LMlFLO TEST NO.6
Feed Rate:· 5.7 dry tonnes/h (5.1 tons/h)
Feed Solids Concentration: 52% solids weight
Deck Slope: 14·
Slot Width: . 0.635 cm
Sp. Gr. TBE: 2.90
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TABLE 7: ASSAY RESULTS FOR OPEN CIRCUIT LAMFLO TEST NO.6
..... ::c=:o:=:

Product l.'eight % Assay Distribution %

% ppm Cu Total Zrt Co Me

Cu Total Zn Co Mo Sulphur

Sulphur

Bulk Conc §.2.J . 0.18 4.55 250 110 50 Z!b.J 9~2. 0 70.1 86.,.!.. 73.7-
Tail. 30.8 0.14 0.89 240 40 40 25.8 8.0 29.9 13.9 26.3

Feed (calc) 100.0 0.17 3.42 247 88 47 100.0 100.0 100.0 100.0 100.0

.

Product % ")eight % Wt Heavy % Recovery Heavy Mineral

Feed Orig, Ore Mineral· Feed Orig. Ore

B. Lamflo Cone. 100.0 69.2 19.0 100,0 87.9
C1. Sp. Cone 31. 0 21.4 52.2 85.1 74.8
Ro. Sp. Tail 69.0 47.8 4.1 14.9 13.1

B. Lamflo Cone. 100.0 69.2 20,0 . 100;0 87.9
C1. sp. Cone 80.4 55.6 24.4 98,0 86.1
Ro. Sp. Tail 19.6 13.6 2.0 2.0 1.8,
B. Lamflo Cone. 100.0 69.2 18.8 100.0 87.9
C1. Sp. Cone 46.6 32.2 36.2 89.9 79.0
Ro. Sp. Tail 53.4 37.0 3.6 10,1 8.9

B. Lamf10 Cone. 100.0 69.2 18;4 100.0 87.9
C1. Sp. Cone 45.1 31.2 37.6 92.2 81.0
Ro. Sp. Tail 54.9 38.0 2.6 7.8 6.9

=

J
)
)
)
J

j

)
,1
~I

•
,J

I
}

I
J

I

}
I

J

I
I
J

I

Test
No.

7

8

9

10
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TABLE 8: TB~ ASSESS}mNT OF RESULTS FOR SPIRAL TESTS'
(TESTS 7 to 9)
Rougher Spirai Feed Concentration: 30% Solids weight
Av Dry Feed Rate: 0.58 tonnes/h
Wash Water Feed Rate: 3,5 1itres/min each spiral
No Spiral Stages: 1 Rougher'

1 Cleaner, cleaner tail recycled
to rougher spiral feed bo~

Sp. Gr. TBE: 2,90

133
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TABLE 11: ASSAY RESULTS FOR OPEN CIRCUIT SPIRAL CLEANING
TEST NO.9

TABLE 10: ASSAY RESULTS FOR OPEN CIRCUIT SPIRAL CLEANING
TEST NO.8

134

Co.

Co

96.6

3.4

100.0

Cu

Cu

52.9

47,1

100.0

Distribution % (Feed)

Distribucion % (Feed).

T,S.

T,S.

86.6 31.9 76.3

13.4 68.1 23.7

100.0 100.0 100.0-

Distribution % (Feed)

T.S. tu CO

96.5

3.5

100.0

90.4 61.8 88.5

9.6 38.2 11.5

100,0 100.0 100.0--

Assay

% ppm

T.S, Cu Co

8,75 0.21 180

0.81 0.13 25

4.50 0.17 105

Assay

% ppm

T. S. Cu Co

14.6 0.23 290

0.86 0.14 30

4.65 0.16 95

27.6

72.4

100.0

46.5

53.5

100.0

Weight % Assay
(Feed)

% ppm

T.8. Cu Co

86;1 5.10 0.18 115

13.9 1,15 0.16 30

100,0 4.55 0,17 105

Weight %
(Feed)

I~eight %
(Feed)

TABLE 9:' ASSAY RESuLTS FOR OPEN CIRCUIT SPIRAL CLEANING
TEST 010,7

Product

Spiral (;1. Cone

Ro. Spiral Tail

Spiral Feed

Product

Spiral C1. Cone

Ro. Spiral Tail

Spiral Feed
'.:< •

Product·

Spiral C1. Cone

Ro. Spiral Tail

Spiral Feed
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TABLE 12; ASSAY RESULTS FOR OPEN CIRCUIT SPIRAL CLE~~ING TEST No.10

135

Distribution % (Feed)

•

•
•

•

•
•

•

Product

Spiral Cl. Conc

Ro. Spiral Tail

Spiral Feed

Weight %. Assay
(FeE7d) % ppm

T.S, Cu Co

40.5 <J.67 0.19 200

59.5 0.81 0.14 25

100.0 4.4 0.16 95

,"",:;.,.

T.S.

89.1

10.9

100.0

Cu

. 47.5

52.5

100.0

Co

84.2

15.8

100.0
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LAKEFIELD RESEARrn OF CANADA LIMITED

"The Recovery of Sulphides" .
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An Investigation of

THE REX:OVERY OF SULPHIDES

from an A.es·, Feed· sample

sulxnitted by

CITIES SERVICE. INTERNATICNAL INC.

Progress Report No.. 4

Project No. L.R 1784

NatE:

This report refers to the samples as received.

The practice of this Comp~i in issuing reports of this r~ture

is to require the recipient not to publish the report or any part thereof
without the written consent of La'ccfie1d Research of Canada Limited.

LAKEFIELD RESEARCli OF CflNADA LliITTED
Lakefield. Ontario

}lay 12, 1976
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One March 29, 1976, Dr. D.D. Jinks advised via telephone that a small

sample of ore was being shipped to Lakefield for testing. The objective of the

testwork was to determine the amount of sulphides, in particular chalcopyrite,

Which could be recovered by flotation.

The sample, weighing 2.5 kg. represented typical feed from the Macqua.rie

Harbour sulphide project, and ~as forWarded by R~bertson Research (AuStraiia) Pt.;•.

Limited, Bowral, N.S. W.

LAKEFIELD RESEARCH OF CANADA L:IMJ:TED

A.G. Scobie, P. Eng.,

Manager

D.M~ Wyslouzil, P. Eng.,

Chief Metallurgist

Investigation by: D.R. Shaw

')



floated rapidly.

l.-Head Analysis

143

3.61 %

0.17 %-

The analysis of the A.C.S. Head Feed sample, as calculated from the

"as received". As shovm in the -size analysis, the particle size distribution

261144

2. Metallut'9!cal Results

two flotation tests, was as follows:

SulphUr .(5, Total)_

Copper (Cu)

was typical of a deslimed feed, aIXi hence the sulphides were present as coarse

free particles or Here finely disse~~nated in coarse quartz. The free sulphides

Two tests Here perfo=ed to evaluate the response of this material to

flotation. In both tests a rougher cOI'.centrate was removed from the material

1.1. Size Analysis

A.C. S. Head Feed

Mesh Size % Retained % Passing
(Tyler) Individual Cumulative Cumulative

+ 20 0.1 0.1 99.9
28 0.2 0.3 99.7
35 1.1 1.4 98.6
48 - 9.2 10.6 89.4
65 25.1 35.7 64.3

100 34.0 ,69.7 30.3
150 16.7 86.4 13.6
200 8.0 94.4 5.6
270 3.1 97.5 2.S
400 1.3 98.8 1.2

- 400 1.2
.

100.0 -
Total 100.0 - -
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SUll«1\aty - Continued

2. Metallurgical Results

Table 1

Flotation of A.C.S. Feed (Test 41>

\~eight Assays, % % Distribution
Product

% Cu S Cu S

Concentrate 7.0 0.65 40.6 28.5 85.8

Tailing 93.0 0.12 0.51 71.5 14.2

Head 100.0 0.16 3.34 100.0 100.0

The total sulphur recovery of 85.8 % and the grade of 40.6 % S were satisfactory

considering the coarseness of the feed, but the copper recovery was low.

To determine the aroount of copper which could be recovered by ~rin41ng

and scavenging, the rougher tailings from Tests 40 and 41 were reground to 71 % and

87 % minus 200 mesh, respectively.

Low-grade scavenger concentrates were removed Clow-grade with respect to

sulphur analysis) but the tailings assays were lowered to 0.02 % Cu (Test 41) and

0•.03 % Cu (Test 40), respectively. The combined rougher and scavenger concentrates

had the following composition.

Table 2

f0mbined Rougher and Scavenger Concentrate

Test % -200 mesh \~eight Assays, 0/ % Recovery,.
No. after regrind % Cu S Cu S

-
40 71.6 15.3 0.99 24.1 84.6 95.0 ./

41 87.4 23.8 0.61 I 13.7 90.5 97.9

In order to get maximum information from the two tests that could be performed ,'lith

the available matE'.rial, the cleaner circuits were carried out as follows:



further processed to increase the recovery. It is clear, however, that from the

original A.C. S. Feed, without further grinding, the copper recCNery would be low.

The above products were the end-members of two-stage operations, and hence there

are intermediate products available, containing suiphur and. copper, which could be

145261146

- 4 -

Rougher concentrates 1 and 2 were combined and cleaned twice by

reflotation. The cleaner concentrate was then reground and again

cleaned twice. The analyses of the concentrates after each stage

are shown in Table 3. A complete flowsheet of this test is shown

in Figure 1.

The rougher concentrate was reground and cleaned separately, whereas

the scavenger concentrate was cleaned without further grinding. The

results were interesting in that they showed that fro.'ll the scavenger

concentrate a copper concentrate could be produced assaying 5.64 %Cu

and containing 54 % of the total copper. The regrouoo rougher con­

centrate was upgraded to oVer 50 % S as shown in Table 4.

2. Metallurgical Results

Summary - Continued

Test 41:

Table ~

Cleaning of Concentrates of Test 40

.
Product Regrinding \~eight Assays, % % Distribution

% Cu 5 Cu 5

Cleaner Conc. No 10.3 1.4 35.5 80.9 94.2

Re.cleaner Cone. Yes 6.3 1.75 48.2 68.6 79.6
-

J
J
J
J
J
J
J
)
)
)

i
')
)
)
)



The final results of these two tests ~lere siIidlar. A satisfactory pyrite recovery

was possible from the coarse feed material, but since the chalcopyrite was prefer.

a good copper recovery. Regrinding of the concentrates would be required to obtain

Grinding to about 70 % - 80 % minus 200 mesh would be required to achieve

146r

261147
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2. Metallurgical Results

Selected Products from Test 41

Table 4

Summary - Cont~nucd

a high sulphur-low silica product.

entially associated with gangue minerais in the form of fine inclusions; the re=ovcry

\-las low.

Weight Assays, % % Distribution
Product

% Cu s eu s

Rougher Concentrate 1 7.05 0.65 40.6 28.5 85.8
After regrinding and cleaning 4.43 0.93 51.3 25.6 68.1

-------------~-------------~---
~_._------- ---------- ~-~----_. ~-----_. ------...

Scavenger Concentrate 16.78 0.59 2.38 62.0 12.1
After cleaning .1.53 5.64 21.7 53.7 10.0
---------.--------------------- ~-------- -_...---------------- ------_. ---------
Combined rougher + scavo cone. 23.83 0.61 13.7 90.5 97.9
Combined cleaner concentrate 5.96 2•.02 41.3 79.3 78.1

J
J
J
J
J
)
)

J
J
,J
I
~

J
J
)
j

J

}
~I

}
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Figure 1

Flowsheet Test 40

Cl. Tailing 1 (5)

( 4)

Cl. Tailing::2J (3)

Concentrate IL..-__T__ai_l_i~2~
(1) (2)

147
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- 6 -

• to 71.4 % -200 mesh

(6) (7)

(N) ; Product numbers
in table·of
Hetal1urgical
Results
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2

( 7)

r

261149

(8)

(6)

Tailing 1 (3)

Tailing 2 Scavenger
Feed

- 7 -

( 2)

(4) (5)

1...- c_O~_....... r-~l. Tailing 21

(1)

Figure 2

Flowsheet Test 41



Reagents Added, pound:> per ton I Time, minutes
Stage pH

2-6 DF-250 Grind Condo Froth

Sulphide Rougher (1l1 0.04 0.02 - 2 3 6.5
Grind - rougher tailing - - 20 - - -
Sulphide Rougher

( 2

1
1

0.04 0.02 - 1 4 -
Scavenger 0.02 0.01 - 1 2 -
Cleaning Combined Rougher Concentrates

1st Cleaner

I
0.01 0.01 - 1 3 -

2nd Cleaner - 0.01 - 1 2 -
45.0 grams 2nd cleaner concentrate reground and cleaned further

Regrind - - 5 - - -
3rd Cleaner 0.01 0.01 - 1 2 -
4th Cleaner - - - I

1 IX. --

Feed - 50 - 60 % coarse grained free pyrite
r-.J 20 % coarse middling
,--.., 20 % fine inclusions inclusions in non-sulphide gangue

(quart~) considerable tarn:j.shed pyrite, especially in
finer sizes and middlings•

. Ro. 1- Pyrite responded well, free and coarser middlings.

Ro. 2 - Pyrite responded well more (tarnished) and finer pyrite

Scavo Cone. - Few sulphide <Chalcopyrite)

Scavo Tail. - Clean of sulphide, except for very finE. inclusion
in quartz.

Cleaning. - good

Test No. 40

Purpose:

Procedure:

Feed:

Observations:

Conditions:

261150

- 8 -

DETAILS· OF TESTS .,'.

To investigate the recovery of a sulphide concentrate from
.the A.C.S. head feed sample.

Float a sulphide rougher 20l'icimtrate. Grind tailing float
a second rougher concentrate ?J1d scavenge once. Clean the
combined rougher concentrate twice.

500 grams A.C S. Head Feed sample.

f·, 149



Products 1 and 2 7.22 1.66
. .

85.945.6 74.8
Products 1 to 3 10.30 1.40 35.5 80.9 94.2
Products 1 to 4 11.29 1.30 32.5 82.6 .94.6
Products 1 to 5 15.29 0.99 24.i 84.6 95.0
Products 1 to 6 20.19 0.76 18.4 87.9 95.5
Products 6 and 7 84.71 0.03 0.23 15•.4 5.0

Weight Assays, % % Distribution
Product

% C:u S Cu. S

1. Re Cleaner Cone. 6.33 1.75 48.2 68.9 79.6
2. ·Cleaner Tailing 4 0.89 1.06 27.0 5.9 6.3
3. Cleaner Tailing 3 3.05 0.32 10.5 6.0 8.3
4. Cleaner Tailing 2 0.99 0.30 1.73 1.7 0.4
5. Cleaner Tailing 1 4.00 0.09 0.38 2.0 0.4
6. Scavenger Cone. 4.90 0.12 0.39 3.3 0.5
7. Scavenger Tailing. 78.81 0.027 0.22 12.1 4.5

Head (Calculated) 100.00 100.0 100.0
.

Calculat:ed Grades and Recoveries

150261151"

Grind ;:md. Regrind
.Abbe PehbleMill

- 9 -

Flotation
250 g D-l
950
Ro. - 30

Test No. 40 - Continued

Conclitions:

Metallurgical Results

Stage
EquipltlCIlt
Speed: r.p.m.
% Solids
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Test No. 40 - Continued

Screen Analysis

Scavenger Tailing

Hesh Size % Retained % Passing
(Tyler) Individual Cumulative Cumulative

+ 65 0.2 0.2 99.8
100 1.7 1.9 98.1
150 7.1 9.0 91.0
200 19.4 28.4 71.6
270 18.1 46.5 53.5
400 16.7. 63~2 36.e .

- 400 . 36.8 100.0 -
Total 100.0 - -

)

r, 151
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-

-
6.6

2
2
2
2

3

4
3

-

2

1
1

1
1
1
1

Time, minutes

30

5

Grind Cond. Froth

Grind
Abbe Pebble Mill

DF-250Z - 6

Flotation
250 g 0-1
950
Ro. - 30

Reagents Added, pounds per ton

To investigate the effects of regrinding the first sulphide
rougher Concentrate and of a longer grinding time for the
rougher tailing on the rccov~ of copper and pyrite.

As for Test No. 40, but with following modifications:
1) regrind first sulphide rougher concentrate

2) . increase rougher tailing regrind time from 20 to 30 minutes.

3) clean rougher and scavenger concentrate separately.

Rougher and scavenger similar to Test 40, except that with
increased fine1;lCss of tailing grind more obvious chalcopyrite
response. Copper seems to respond well to cleaning, but pyrite
recovery may be significantly lower due to dilution. Considerable
silica in scavenger cleaner concentrates, may need further cleaning
conditions (larger feed sample) or require small addition off'ines
depressants (Na2 Sio, ).

-'500 grams A.C.S. Head Feed sample.

Stage

Purpose:

Procedure:

Test No. 41

Feed: .

Conclusions:

Conditions :

stage
Equipment
Speed: r.p.m.
% Solids

Sulphide Rougher I 0.04 0.02
Grind - rougher tailing - -
Scavenger (1) II 0.04 0.02

(2) 0.02 0.01

Regrind Rougher Concentrate -
II '

Clean rougher and scavenger (1) concentrates separately

Ro. 1st Cleaner 0.01 -1
Ro. 2nd Cleaner- - 0.01
Scavo 1st Cleaner 0.-01 - i
Scavo 2nd Cleaner - -,



• Test No. 41 - Continued

Metallurgical Results

- 12 -
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Weight Assays·, % % Distribution.
Product

% Cu S Cu S

1- Rougher Cleaner Cone. 4.43 0.93 51.3 25.6 68.1
2. Rougher 2nd C1. Tail. 0.29 0.34 29.5 0.6 ·2.6
3. Rougher 1st C1. Tail. 2.33 0.16 21.6 2.3 15.1
4. Scavenger C1. Cone. 1.53 5.64 21.7 53.7 10.0
5. Scavenger 2nd

Cleaner Tailing 0.98 0.24 1:19 1.5 0.4
6. Scaveng&" 1st

Cleaner Tailing 5.02 0.07 0.32 2.2 0.5
7. Scavenger Cone. No. 2 9.25 0.08 0.42 4.6 1.2
8. Scavenger Tailing 76.17 0.020 0.10 9.5 2.1

Head (Calculated) 100.00 0.16 3.34 100.0 100.0
I

Calculated Grades and Recoveries

,
Products land 2 4.72 0.89 50.0 26.2 70.7
Products 1 to 3 7.05 0.65 110.6 28.5 85.8
Products 4 and 5 2.51 3.53 13.7 55.2 10.4
Products 4 to 6 7.53 1. 22 4.7ff 57.4 10.9
Products 4 to 7 16.78 0.59 2.38 62.0 12.1
Products 1 to 7 23.83 0.61 13.7 90.5 97.9
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Test No. 4l - Continued
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Screen Analysis

Scavenger Flotation Tailing

Mesh Size % Retained % Passing
(Tyle1;) Individual Cumulative Cumulative

+ 65 0.1 0.1 99.9
100 ~ ~.. 0.4 0.5 99.5
200 2.2 2;7 97.3
200 9.9 12.6 87.4
270 16.0 28.6 71.4
".00 20.7 49.3 SO.7

- 500 50.7 100.0 -
Total 100.0 - -

--

LAKEFIELD RESEARCH OF CANADA LIIUTED
Lakefield, Ontar.i.o
~my 12, 1976 / dmm
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APPENDIX IX

ROBERTSON RESEARaJ (AUSTRALIA) P1Y. LIMITED

"Macquarie Harbour Sulphides:

Nrrneral Processing Investigations: ,June 1915-~by 197~'
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.. Prep?red for:

MINERAL PROCESSING INVESTIGATIONS : JUNE 1975-MAY 1976

RGBERTSOli RZSEARCH (AUSTRALIA) PTY. LIMITED

Cities Service International Inc.,
Box 37,
Tulsa, 0I<LliliOMA.
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PllOJECT NO. 756/9511

MACQUARIE HARBOUR SULPHIDES:

R. Butler, A.R.S.M., B.Se. (Eng.)
J.W. Bruinsma, Geo1. Drs. (Amsterdam), A.M.A.I.M.M.

K. Andrews, B.Se. (Met.), B. Eeen., J.M.A.I.M.M.

14t-1t July 1976.
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(1) This report assesses the gravity and flotation testing programmes

carried out in Australia on. samples from Macquarie Harbour. Testing

concentrated on the search for a low cost treatment method capable of

producing a commercial sulphide concentrate without grinding of the

"ore."

(2) The samples investigated contained 3.15% sUlphur (principally as.

pyrite) and 0.16% copper, with minor all¥)unts of other base metals.

(3) Gravity concentration is capable of producing a coJlllllercial

. sulphide concentrate (approximately 40\ S) with good recovery·

(approximately 80%) but copper recovery is peor (",20\).

(4) Froth flotation will produce a similar or better sulphur grade·

and reco.very, but copper recovery is much better (>50\).

157

I
J
,
I,
J

I
J

1
J

(5) Further improved copper recoveries may be possible in a usable

sulphide concentrate, but would involve an increasingly sophisticated

plant. The possibilities of flotation in this respect were not fully

investigated.

(6) The treatment problems arise from the nature of copper mineralis­

ation, which appears to occur as primary and secondary sulphides,

l.iberate<l and in· composites, as well as a minor amount in slag and oxide

form. In marked distinction, alr.ost all the sulphur is present as

primary pyrite only~
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1

INTRODUCTION

Australia.Cities-Service have rights to a large alluvial

deposit containing approximately 5 percent of pyrite and significant

bas'e metal values, in Macquarie Harbour, Tasmania. The' material is

unconsolidated deltaic sands and fines, mostly lying below high

water mark, at the lIlOuth of the King River, with more than 50 million

tons to dredgable depth. Most of the values will have originated

as' tail:;ngs from mine workings at Mount Lyell, but it is believed

that some may be naturally derived detrital material. It also

appears that some of the base metals may be present in secon~ry

form after SOlution transportation.

The basic thinking behind the investigation reported herein.

was that it might be possible to produce a pyrite concentrate suit­

able for'acid manufacture by a large-scale low cost dredging and

gravity processing operation. It was reasoned that the base metal

(and any precious metal) values would be concentrated in the pyrite

concentrate and could be economically recovered from the pyrite cinder

by leaching or volatilization (e.g. Dowa process), subsequent to

burning the pyrite in the acid plant, with the final cinder after

removal of copper, zinc and other base metalS, being suitable for

blast furnace feed. This process is operated commercially in Japan,

Germany and the U.S.A.

Processing testwork was undertaken at the following Australian

laboratories, with. the objective of establishing a viable treatment

method:

- Amdel, Adelaide: Lamflo sluice and spirals

- Mineral Deposits, Southport: Reichert cone and spirals

- Robertson Research, Bowral: Flotation testing, mineralogy. etc.

In addition, flotation testwork was undertaken in Canada at the

laboratories of Lakefield Research. The testwork at Australian

laboratories was coordinated by Mr. R. Butler, chief metallurgist,

Robertson Research Australia.
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This report summarizes and interprets all the work carried

. ' .. ;.,'-

by Mineral Deposits'and Amde1 are contained in the following re-

ports:
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out and results achieved.

- AMDEL ME 2072/76

~~J..,1" -1/"6~

- MIN. DEPOSITS 15.213.1/1

- MIN. DEPOSITS 15.213.1/2
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Fuller details of the work undertaken

March 1976' "Lamf10 Sluice and Spiral
Beneficiation Tests" -
W•G. Rogers.

April 1976 "Cone Concentrator Studies
and Circuit Designs on
Alluvial Sulphide are" ­
M.S. Cross.

May 1976 "Spiral Concentrator Studies
and Circuit Desi9ns on
Alluvial Sulphide are.· ­
M.S. Cross
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3.

SAMPLES TESTED

sample taken from one particular Mineral Deposits test run.

161

3.30
0.17

3.70
0.13
0.012

4.12
0.16

The RRA sample was a head

3.75
0.15
0.018
0.008
0.005

25 x 44 gal drums

Mineral Deposits Approx. 80 x 44 gal drums from Holes
211-221 (plus 130 other drums)

Lakefield ; 1 x 110 pound wet pUlp sample

Robertson Res..arch ; ex Mineral Deposit Composite

. Amdel

The composition of the various composites reported by the

laboratories was;

261162

Analysis (%)

Sulphur
Copper
Zinc
Cobalt
Molybden\1Dl

of;

The samples.tested by the respective laboratories consisted

the buL~ samples were used drum by drum.

COMMENTS;

The samples tested by Amdel and Mineral Deposits were similar,

and said to be representative of the bulk of the available material.

In both cases, the material under test varied from time to time as

The Lakefield sample was much finer and presumably typical of

a section of the delt~ further out from the river mouth.

2.



• 261163
4.

16Z

testing at Lakefield in late 1974 was on very fine slime material,

with the following composition;

The samples tested at this staye of the programme differed

very considerably from those examined in the preliminary stages.

This was not unexpected insofar as the earlier samples were either•
,. superficial surface pit or random drill hole samples. :Initial

Sizing

Analysis ;

14.5 percent retained at 75 micron

4.8% Sulphur
0.09% COl?per

Preliminary testwork at Mineral Deposits in early 1975 was undertaken'

on very coarse material with the following I?rol?erties;

Generally, however, the results between the different.

laboratories were consistent, with tile coarser fractions tending to

show a greater amount of unllberated composite material.

•

i

f
•

•
•
•

Sizing ;

Analysis

92.0 I?ercent retained at 75 micron

4.4% Sull?hur
0.17% Copper

"
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MINERALOGY

occurs in the 'form of predominantly liberated pyrite -

chalcopyrite (residual primary) mineraliz"tion.

Mineralogical ~xa~ination was carried out by Lako~ield Re-

163

The following
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(a) In Lakefield Test 5, 70 percent of the sulphur was re­
covered as a concentrate assaying 50\ S. 95 percent

.of the concentrate was liberated pyrite, chalcopyrite
or pyrite * chalcopyrite composites.

(b) On the much coa:r;ser Mineral Deposits preliminary sample,
90 percent of the sulphur was recovered as a concentrate
assaying 15\ S. It was eStimated microscopically that
30-50 percent of the sulphides were free.

(d) On the same bulk sample, RRA achieved by flotation a
93 percent recovery of sulphur at a grade of 32.6\ S.

(c.) .On the bulk sample tested. by Mineral Deposits, composites
appeared to account for less than 20 percent of the sul­
phide present. Most of the composites were coarser size
gangue particles with only minor amounts of sulphide, as
inclusions.

(a) In the original Lakefield sample, minor amounts of ch;;~­

cocite, covellite, bornite are reported.

(c) In the Arodel gravity testwork, the best results gave a
rec-vvery of only 24 percent of the copper 'With eo percent;
of the sulphides.

;.¥::
(b) In the preliminary Mineral Deposits gravity testing, only

about 50 percent of the copper content reported with 90
percent of the sulphides in the gravity concentrate •

search and Robertson Research, on various samples •

1. The bulk of the sulphur content is present as liberated pyrite

- chalcopyrite

2. Copper is present in sever"l forms: only about 20-25 percent

summary details the conclusions which can be di-awn· from ore micro­

scopy and mineral processing results regarding the nature of the

. mineralization:
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(e)

Similarly, in the Mineral Deposits study, copper
recovery of about 26 percent was associated with a
recovery of 85 percent of the sulphides.

Gravity concentration would be expected to make a sub­
stantial recovery of. copper occurring as discrete grains
of copper mineral above about 20-40 micron size and as
inclusions associated with other heavy particles
(e .g. pyrite).

3.

4.

A greater proportion of the total chalcopyrite content is

locked than of the pyrite. This is estimated as about ten

percent of the total copper content.

·(a) It must be remembered that the deposit is largely the
residue from copper and gold winning activities over the
years. Whilst there has beeI\ some sporadic recovery of
pyrite values, in general the ratio of pyrite to chal­
copyrite will be considerably greater than that of the
original Mt. Lyell mineralization.

(b) It is suggested that the natural ratio of pyrite to
chalcopyrite will probably be preserved in the composit-
ion of sulphide inclusions. As the natural ratio is
approximately 20:1, and gravity.concentration losses are
only about 10-20 percent, with perhaps 0.70 percent as

.pyrite inclusions, i.e. 7-10 percent of total pyrite,
losses as chalcopyrite inclusions are probably of the·
order of 0.04 percent, i.e. 0.015 percent cu.

(c) Mineralogical examination of tailings from tabling and
cone tests at Mineral Deposits confirmed the presence of
some losses as fine pyrite/chalcopyrite inclusions. The
quantity was relatively minor. A greater loss of pyrite
occurred as coIilpOsite coarse (+150 micron) particles,
associated with gangue. Such particles tended to be
predominantly gangue with minor sulphides. Pyrite,
chalcopyrite and chalcocite were reported as occurring
in this form, but relative proportions could not be
estimated.

Only a minor (negligible?) a~unt of copper is present in the

form of oxide copper mineral, or as slag.

(a) Only copper sulphide minerals were observed in mineral­
ogical examinations at Lakefield and Robertson Research.

(b) Only 2-4 percent of the copper present in the RRA samples
is soluble in dilute acid at ambient t<'!mperature conditions.
These conditions "auld dissolve oxide minerals (c!lrysocolla
only partly) but .not copper sulphides.
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(c) A very small arrount of granulated slag was observed in
the coarse size fractions. It constituted a very small
fraction of the whole sample ( ';0.1% perhaps) and there­
fore could not account for any significant portion of
the copper content.

The remaining "50 plus" percent of copper mineralization

appears to be present as secondary sulphide but has not been

(a) SE,lcondary minerals, bornite, chalcocite and.covellite
were identified in the polished sections prepared by
Lakefield "Research.

. (b) Chalcocite was also identified in the polished grain
lOOunts examined by Robertson Research. Approximately
twice as much chalcopyrite was present, as chalcocite.

fully identified. It may occur in several fortns.

Siderite is present, and constitutes approximately
3 percent of the head. There is no appreciable con­
centration of copper with the siderite.

(d)

5.

J
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•

J
I•

I
]
•

The flotation testwork undertaken by Lakefield and RRA
gave much better recovery of copper than gravity con­
centration for similar sulphide sulphur recovery and
grade. This is consistent with the additional flotation
recovery of fille chalcocite, and is further supported
by the slow flotation of copper (which is characteristic
of fine chalcocite).

In both cases, the samples examined would have been
granular and free of "slimes. The finer fractions show
a slight concentration of copper,. which is presumably
present as the sulphide, chalcocite. The Mineral Depos­
its head sample assaying an average 0.16% Cu, contained
0.20% Cu in the minus 20 micron fraction, but with a
fairly uniform copper distribution throughout the size
range.

25.8

17.2

Recovery

S

92.3

97.8

Cu

54.3

85.4

S

Grade

Cu

0.79

0.64

5 min.

20 Il'in.

(e)

(d)
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J
)
)
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l
I
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(1) The' deltaic deposit has been formed from material carried

down the river, derived by natural weathering and mining operations

in the vicinity 6f Mt; Lyell.

(5) Thus there are two distinct sulphide populations:

RESIDUAL PRUlARY SULPHIDES accounting' for all the pyrite,
and the cobalt content, some of the copper and zinc
(most of the sulphur).

(4) Under the likely conditions existing in the delta,

especially below the normal water table (tending to be reducing/

acidic), copper could be precipitated as the secondary minerals,

chalcocite, etc., in the form of ultrafine particles or as coat-

have tended to be acidic and carry anomalous copper values.

166
8.

60%

10%

2-4%

20-25%

Other base metals will

Such chalcopyrite as is present will

It is li,kely that the river waters

zinc is similarly mobile, but cobalt

Oxide copper

Chalcopyrite/pyrite, gravity recoverable

Chalcopyrite/pyrite, as minor constituent
(inclusion) irrecoverable by gravity or
flo,taticn

Seconda~J sulphide copper - fine chal­
cocite - recoverable by flotation only

largely be associated with pyrite.

(2) The material brought down from the mining operations

will contain pyrite but will generally be depleted in free,

SECOtIDARY SUT~HIDES, mostly ultrafine and in process of
formation, accounting for a considerable portion of the
copper and zinc.

chalcopyrite particles.

also tend to be 'closely associated with the pyrite.

as fine slag particles.

is largely fixed within the pyrite lattice.

(3) Some copper (and other base metals) has been introduced

ings on other minerals.

(6) From the foregoing, the fol:l.owing possible distribution

of the copper content can be hypothesized:

261167

It seems reasonable to postulate the following genesis for

the deposit as it'exists:
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J 4. MINERAL PROCESSING TESTWORK

J

,J
I,
J
•

1•

Processing investigations followed two distinct lines of thought,

in an attempt to achieve a satisfactory concentration of the sulphides~

Preliminary estimates indicated a very clear advantage to large scale

gravity processing, using current beach sand technology, if satis­

factory recoveries could be achieved. Operating costs (dredging and

gravity concentration) of the order of $0.30 per tonne dredged might

be achieved, compared with $0.50-0.70 , or even higher, if flotation

had to be employed. In addition, capital costs for a gravity plant

would probably be considerably lower.

,I
J•

4.1. GRAVITY PROCESSING

Investigations were undertaken by the following laboratories:

AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES: Beneficiation
by Lamflo sluice and spirals.

I•
MINERAL DEPOSITS

and spiral.
Beneficiation by Reichert cone concentrator

I
•

In both.laboratories, satisfactory concentration of the pyrite could

be achieved, but recovery of the copper content was very poor, with

have been reported in detail elsewhere.

At Arodel, Lamflo sluice concentrators were used to produce a

primary (rougher) concentrate which was further upgraded by a Mineral

Separator spiral to give a final concentrate. A number of tests were

run to evaluate different equipment parameters. In the most promising

test, the sulphur recovery was 80 percent, the copper recovery only.

The details are as follows:

The results of testwork at each laboratClry

24 percent.

no significant upgrading.

Copper 7aluGs in L~is ci~cuit.

carried th.Wl,gh bec"tlse of t<'1e obvious difficulty of recovering the

9rade ReCOVe1}'

S eu Wt. S Cu

:t•.4~ 0.17 69-"
slu.ice Cone. ,-_4~55 0.18 ~ 92.0 74.2
concentrate 14.6 0.23 19.1 79,7 23.7 (..

thorough testi~gto achieve a higher grade concoiltrate was not

Feed
Lai1\flo
Spiral



At Mineral Deposits, Reichert cone concentrators were used to

achieve' a primary bulk separation of the heavy mineral values, with
j

261109

further upgrading of the concentrate by means of spirals.

10.

A con-

168

siderable number Of tests were carried out to establish ·equipment

parameters, and to develop a flowsheet for concentrating the pyrite- content. In the most satisfactory tests, a final concentrate assaying

for a closed cycle operation were:

43.9'·5 was achieved, but copper

tests, the predicted performance

recovery was very poor. From these

-

Grade Recovery

~ eu ~. 5 Cu

Feed 3 0.16
Reichert cone conc. 16 0.26 16 85 26
Spiral concentrate 40 0~33 7 80 12

These results serve to confirm the conclusion drawn from the gravity

concentration testwork at Amdel, that the pyrite fraction can be

satisfactorily concentrated by gravity methods, but that the bulk of

the copper content is not recoverable by gravity methods.

The poor recovery of copper confirms the view that only about

25 percent of the copper occurs in close association with the pyrite

content, or as free granular sulphide mineral (chalcopyrite). The

75 percent unrecovered must occur either in the fine fraction (below

30-40 micron sizing) not amenable to concentration by gravity sluice,

or as a relatively minor component of light granular material, which

is rejected by the sluice. Some undoubtedly occurs in this latter

form as very minor inclusions (chalcop::,-rite) in gangue particles,

but should not be significantly more than the amowlt of pyrite occurr-

ing in the same mode. It must thus be concluded that the bulk of'

•

•

the copper unrecovered by gravity processing occurs in the fines or

possibly as very fine surface coating material on coarser gangue

particles •
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4.2 . FLOTATION

A considerable number of flotation tests have been carried out

flotation, bulk flotation with middlings regrind, selective copper

flotation and various leaching and roasting tests were investigated.

(3) FATTY ACID FLOTATION OF SLIMES. Flotation of the
siderite fraction from the decanted "limes resultecl. in no
significant concentration of copper, all p:oducts baving
approximately the same assay.

The possibilities of bulk

(6) SULPHIDE FLOTATION. This test repeated the conditions
of test .5 sulphide float with extended flotation time.
The longer float resulted in a recovery of 85 percent of the
~~pper and 97 percent of the sulphur in a concentrate after
rejecting 79 percent of the feed.

(5) SULPHIDE AND C~NATE FLOT~TION. This flotation was
carried out on a representative sample. Using standard flot­
ation technqiues and relatively short flotation times, 54 pP.r­

cent of the copper reported with 92 percent of the sulphides.
There was only minor concentration of the copper with the
siderite concentrate.

(4) AMINE FLOTATION. The possibility existed of some. of the
copper content occurring in intimate association with the illite/
mica/chlorite content. Amine flotation to concentrate these
minerals resulted in only minor concentration of the copper
content. It can be concluded that a small amount of COppel:
occurs in this form. Its recovery would not be economic.

(2) FATTY ACID FLOTATION OF SLIMES. This test was urider-
~ taken on the tailings from the previous test. The objective
was to concentrate the carbonate content (siderite, principally)
together with any copper carbonates associated with it. The
flotation was unsuccessful in concentrating the copper.

(1) FLOTATION OF SULPHIOES IN SLIMES. This test was under­
taken on decanted slimes from the Mineral Deposits test rig.
Most of the values wl;mld not be recovered by gravity concen­
tration. Flotation recovered 97 perc~nt of the sulphide
sulphur and 59 percent of the copper.. .

by Lakefield Research, on two samples.

Flotation tests were undertaken in the RRA laboratory as part

of the investigation of ~opper not. recovered by the gravity concentrat-.

ion processes.' six tests were completed:

I
j
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Fuller detail~ of each of these tests are included in Appendix 1.

Some of the tests were designed to provide answers to some of the

problems regarding the location of the copper losses. In under­

taking sulphide flotation tests, it was considered appropriate to

bias the tests towards the practical possibilities of a bulk fiotation

of unground material, using the simplest reagent combill;ition possible.

The results of the flotation tests show that an acceptable

grade of sulphide .concentrate with over 50 percent copper recovery

is achieved in the simplest possible flotation circuit (short retention

time, minimal cleaner ·flotation and reagent requirement, no grinding).

The extension of flotation capacity achieves a greater copper recovery

-- 70 or 80% -- depending on retention time allowed, but this would

result in dilution of the concentrate and necessitate additional

cleaner flotation capacity. (Test 6)

The low copper recovery results from a variety of factors.

Some of the copper is present in a form (fine inclusions, slag, etc~)

in which it is not amenable to concentration by gravity or flotation

processes. A considerable proportion is amenable to flotation, but

floats slowly, requiring a long contact time. This is consistent

with the presence of fine secondary copper mineral, such as chal­

cocite -- it is an axiom that large particles float faster than the.

smaller -- though it has been difficult to confirm this by mineralog-
-'Iii.

ical examination.
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(1) Gravity concentration effectively recovers the pyrite

CONCLUSIONS

.2 611 j ~ 13.
171

It is capable of pro-content but not the copper content.

(4) Improvement in the =pper flotation recovery can be

achieved by longer flotation, but at the expense of product

grade. Additional cleaning stages may improve the grade

withoct excessive loss of copper values, but this possibility

has not been thoroughly investigated.

~2) A relatively simple flotation procedure works better and

is capable of producing a comparable sulphur grade and recovery,

with 50 percent recovery of the copper or better.

ducing a 40 percent sulphur product accounting for 80 percent

of the sUlphide, but only about 20 percent of the =pper.

(5) No combination of gravity and f10tation processing would

appear to offer any advantage over flotation alone.

(3) A product which is satisfactory except possibly in terms

-of copper· recovery can be produced by flotation without grinding,·

with a single reagent addition, with short retention time

(S-minutes' roughing) and using a simple single-stage cleaning

circuit.

The overall practical conclusions regarding the treatment of

Macquarie Harbour sulphides are:

J

J 5.
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I
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APPENDIX 1

Sodium Hexametaphosphate 25 gft

which signifies:

172

Weight
Copper Grade Sulphur Grade

Copper Recovery Sulphur Recovery

lIMP 25 ..

Reagent quantity and point of. addition- ';Ire all; indicat,ed in
following manner:

Results at each stage are given as percent and shown in
boxes, using this key:

the

The following diagrams summarise the conditions and results
of the flotation testwork. Each test is shown in the form of a
flowsheet identifying successive products.

In some cases a single set of figures only is given. In these
instances, only.copper values are included.

Frather quantities are not shown, since frather is only added
as required to maintain quality of froth.
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Final Tails .
0·/0 O'J2

7?·S
"/·0 3'0

'I~ 0·1<1 /·52

P"" $/., /3·2.

pH 10·'"

CONDITIONING - SM mNrl.

0~2 25·/
.1 ..,

/0" /(J·2

Scavenger Cone.

O·,J.. o·..s
I·,

,J·2 / . .,
Cleaner Tails

25% solids

Denver 500 gIJ1

J)"../,..t/, Jr'" /"·Z
............

i I ROUGHER IIOMI«I,
. ~

~

koP'l'?'1 A'"",/~~..
OSS .,Z·4 .s0~/~__

17·1

2500 rpm

Reichert cone decanted slimes (N.B. - 8.4% S 0.19% cuJ

No grind

"·s,. "8·'q.J

"s·" 8S·..

~$O..

CONDITIONING

Cleaner Conc~

TEST 9511-1

FEED . rr;;;r;::;]
. I------LCIJ
ElRIlll:)

M'P'.,.,)'I .r",,,M,,,~.. s,,~/~_I
• CONDITIONING-IO ,.,Nu.

26 f17·1

COMMENTS. A good recovery of sulphides is achieved in a simple rougher
float, with scavenging raising recovery to 97 percent at a
combined grade of 39.7% S. The recovery of copper is lower
and slower. Of particular significance is that the highest
grade of copper is achieved in the scavenger concentrate.
This suggests that flotation of the copper sulphides (chalcocite?)
is not complete.

PULP DENSITY'

SPEED:·

FEED.

GRIND.

PURPOSE. To investigate the recovery of fine sulphides, not recovered
by the gravity concentrator.

FLOTATION CELL:

.,

I,
]

j,

J,-.
l•
I•
)
r

I

I•
I
•
J
•
,I
}
•
,I
I

I

,I
I

~

J
•
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FLOTATION CELL,

I

PURPOSE'

FEED:

GRIND:

COMMEUTS:

261175

TEST 9511-2

FEED [£,099.,
·1------

SRIlIB
I

o -/()()
9J·o# "-7'

To check the possibility that some of the copper contained
in the slime tails after. flotation of sulphides may be
locked with the siderite/calcite_

Tailings from sulphide flotation of slimes (Test 9511-1).

No grind.

Denver 250 gm.

Although a siderite/calcite concentrate was produced, there
is no significant copper content in it.

,
)
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TEST 9511-3

26117-6
1

~< ­Iv

,"
I

ails

0-1'

_ IJ-I

(/-/9
to'S

/o-s

Cleaner Tails

Again there is no significant concentration of copper with
any of the products.

", "'9/;-""-... VI

i I ROUGHER I
l ,

0-/1' Final T
13-0

COMMENTS:

PtlJlP05E:

CONDITIONING

"- JPH9S
'\f _9LW
®1 l---l

Cleaner Cone.

EJ- ;::0 I

To repeat test 2, using slimes decanted from the P.eichert
cone test as feed.

FEED: Reichert cone decanted slimes
.,....

GRIND: No grind

FLOTATION CELL: Denver 500 gm

II
~.

­
II
II
II-
II-
---
~-
~

~-
~~"
-
~

~-"
~

~-

~
I
I



TEST 9511-'4

1'i' G

,

.~.

'V
Flnal Tails' '

EJ :~:j

ROUGHER

-
fT·S

a'2~

2;'2

Denver 250 gm

"

~ ,-
CI"'aller Tails·

,. '--.
..

7001'/~##_} Eh"1IIIil
~oP/:I'"~~ ~l

{fa1'/""'",,
CONDITI ONItlG- '$"'/HI.

J

26117.7

Reichert cone decanted slimes.

No grind

To determine what portion of the copper lost in slimes was
associated with tQe illite/mica chlorite fraction. An
'amine reagent was ~,sed to selectively float these minerals.

AF80t
"".6NO",
HAiP

CONDITIONING

FEED:

GRIND:

PURPOSE:

FLOTATION CELL:

-.
I

j

1•
1• •

1-•-
I•
I•-
1•
~

]
J
.~

I
J-I
J-
1

j-
J
•-
)
f

j-
.J
I

I

I
j

!
I

r

COMMENTS: There is a
fraction.
solution.

minor annunt of copper associated with the clay
The =pper has probably been adsorbed from



'!EST 9511-5,

261178
177

$4'2
0'08 Q·21

~9·.· s·"

.Fi.lla! Tails

(}.", Q'2,
86S

4$'·7 T'7

0·28 N,
1'0

G''; 2·.1

L SCAVEl:GEa

'q
Scavenge:!" Gone.

- xanthate float - to recover sulphides
- Aero 801 float - to recover siderite,

calcite etc.

Denver 250 gm.

20\ solids.

'.1'0 float sulphide and copper vaJ.ues from the representative
bead sallple using:

Representative head sample of material tested at
Mineral Deposits.

No grind.
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'I~-----LCD
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kO/'N,Pyl .¥t7"~,,qf' 1'$9.fr-1
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G1UND:

FEED:

FLO'l'ATrON CELL;

PULP DENS:In:

COMMENTS: In a single flotation step, recovery of copper and grade
of sulphides is better than achieved by gravity treatment•.

I
Some copper reports with the siderite concentrate, but
this may well be sulphidescontinuinq to float {see Test 1)
rathertha~ copper-bearing siderite.

1'URPOSE:

.
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CONDI'rIo:mJG- if",""~
A''-tJ"tJI''' IIC".F '.ph'S. I

Denver 250 gm.

Rougher flotation time has been quadt:upled w.ith marked improvetnent in
~,er recovery. This is' entirely consistent with presence (and re­
covery) of fine chalcocite. Although some of this additional copper
was dropped on cleaning, 'it is believed that an improved recovery!
grade could be a-ch:i.eved with fuxther testing of the cleaning steps.

~re~at the sulphide flotation of Test 9511-5, with longer rougher
~tation, to pe~~t flotation of fine chalcocite and other copper

. ,St1phides which tend to be slow floaters •... :~

~resentative head sample of material tested at Mineral'Deposits.

"Nil grind.

.....-, ... 11 "''''13.

. 0/
Cleaner Cone.

l.. ;~.-

FLO~TION CELL:

roMMENTS,

FEED: ~
. .:~

GRIND'"
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I
I
I
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I
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