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29 April, 1986 El1sna Pty Ltd,
C/o L.R. Wastell & Co,
19 Paterson Street,
Launceston, Tas. 7250.

Dear Mr Murchie,

In reference to my letter of 28 June 1985 and your reply dated 9 July
I present herewith a copy of the report concerned, one entitled
Macquarie Harbour Exploration Project: Phase II. It is proffered on
the understanding that, until 1999, contents will not be made
available to anyone but staff of your department or of Tasmania's
Environmental Department.

.,

Yours sincerely,

e(J~ /~~
S.R.M. Harvey

_......-:~

H. Murchie Esq.
Director of Mines,
Box 56, Rosny Park,
Tasmania 7018.
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ABSTRACT

In the second and third quarters of 1973 the Holb group

searched for, found, and conducted a reconnaissance survey of

copper bearing sediments lying in an enclosed bay in Tasmania,

Australia. In December, Cities Service International agreed

to sponsor further study of the deposit.

During the past six months Holb has enlarged the explor­

ation licence to include the most mineralized part of the bay,

cored sediments over the entire area of the bay and secured

2,158 chemical analyses of the 334 samples collected. The sur­

vey has cost US $32,000.

The survey defined two deposits. One is the body of sed-

iment containing concentrations of copper, molybdenum, cobalt,

silver and gold previously discovered by Holb. The body fans

out from the mouth of the King River over an area of about twenty-

four square miles, varying in thickness from two to twenty feet

and in copper grade from 0.07% to 0.18%. The material varies

,in value from two to five dollars per cubic yard and has an

average value of some three dollars per cubic yard. The material

is finely divided, unconsolidated and free of overburden. Most

of the deposit lies under water one to twenty-five fathoms deep;

a small fraction of the deposit protrudes above waterlevel.

About one hundred million cubic yards of this material are avail-

able for dredging. Probable reserves contain an additional thirty

million cubic yards of ore worth approximately four dollars per

cubic yard. Possible reserves embrace a further 160,000,000

cubic yards of ore worth roughly three dollars per cubic yard.
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The second deposit has yet to be examined in detail, but

appears to be worth $400,000,000, at least. It consists of

brine permeating and presumably overlying unconsolidated sed­

iments of the bay floor. Specimens from the upper four yards

of the sediment column, the section cored, yielded concentrat­

ions of uranium, lithium, iodine, bromine, boron and arsenic

when dried and analysed. Brine capable of producing the ob­

served values would have a value of approximately 45 cents per

cubic yard of sediment of 65% porosity, or 85 cents per ton of

free brine. Contents of potassium and other elements likely to

be concentrated in the brine should increase the deposit's value.

Attempts by laboratories in the United States to concentrate

copper bearing fractions of sediment from the King delta deposit

have not been particularly successful, but the study involved

standard separation procedures only, and no more than twelve

man-weeks' effort. Mineralogy and chemistry of the sediment

await detailed stUdy. If an economical method of extracting

much of the copper contained in these sediments can be perfected,

it will have immediate application in treating tailings at copper

mines allover the world. Over 66,000,000 short tons of un­

recovered copper, roughly equal to the world's total primary

copper production over the last decade, are estimated to exist

in tailings. Approximately one-third of these tailings, contain­

ing copper worth some $33,000,000,000, occur at mines in the

United States.

It is recommended that work on development of an accept-

able separatory procedure for the copper bearing sediments be

accelerated and that the inferred brine deposit be examined further.

ii
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Undertaken in conjunction with the Holb group, with equipment

and chemical companies and with overseas labs, this program

should be capable of making significant advances in six to

twelve months at a cost of $200,000.

iii
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1.0 BACKGROUND

1.1 Concept and Target

Some geologists believe that certain deposits of copper

and of uranium found in sedimentary rocks consist of metals

introduced as the host materials accumulated. If this is the

case it should be possible to find such deposits forming now.

Harvey (1968) showed that modern bodies of this type could

prove economic to mine. They are likely to be lower in grade

than hard rock deposits, but as they have not yet consolidated

or been buried they require no drilling, blasting, stripping

crushing, or milling. Bodies of this kind found near shore

may be dredged and pumped direct to processing plants. By thus

short-circuiting standard mining procedures, substantial savings

result, and ore grades well below those traditionally considered

profitable become acceptable. Economies of scale also are

likely, because low grade deposits,in approaching average abund­

ances of copper and uranium in the earth's crust, should be larger

and, parenthetically, more numerous than higher grade bodies

from which most primary production of the metals derives.

Deposits in sediments should occur where key metals are

being introduced relatively fast, and conditions exist for their

concentration and retention. Metals are likely to come principally

from gases and liquids of volcanic origin, from weathering and

mining of mineralized terrain and from organisms associated with

upwellings of nutrient-rich oceanic water. Probable hosts are

sediments forming comparatively slowly under reducing conditions,

1
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particularly sediments high in sulphides, organic remains or

expanding clays. Reducing bottom occurs where the oxygen supply

of overlying waters is consumed faster than it is replenished.

The condition should occur in basins which are deep in relation

to surface area, for instance in fjords, and in areas of high

organic productivity such as continental shelf areas enriched

by upwelling waters. In general, bottom of this type is too

toxic or poor in oxygen to support life, thus it is improbable

that careful dredging will damage such an environment biologically.

Macquarie Harbour, a bay in western Tasmania, Australia,

(Figure I), was selected as a likely target. It is an estuary,

six miles wide, twenty miles long and up to 180 feet deep, al­

most cut off from open sea by a spit. The entrance is no more

than a couple of hundred yards wide and in places is less than

thirty-six feet deep. The Harbour abuts one of the richest known

mining fields, containing what was the world's largest tin mine

and its largest scheelite deposit. In Australia, the field's

production of lead, zinc and silver is second only to that of

Broken Hill. The Mount Lyell mine, Queenstown, seventeen miles

northeast of Macquarie Harbour at the headwaters of streams

draining into the Harbour, has accounted for over one-third of

Australia's total copper production, and up till a few years ago

was the biggest open pit operation in the Commonwealth. The cur­

rent value of ore mined and on reserve in northwest Tasmania's

metal mines is about $6,000,000,000, not including the value of

iron ore.

2
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1. 2 Previous work
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At least four surveys of parts of Macquarie Harbour had

been conducted prior to the present one, the first of the four

in 1965 by Hunting Surveys and the Snare Corporation of New

York on behalf of Pickands Mather, the second in 1971 on be­

half of Fimiston Mining of Sydney, the third in 1971 by

E.H. Macdonald for Electrolytic Zinc, and the fourth by Mount

Lyell Mining Company in 1972.

The Pickands Mather investigation is primarily an eng­

ineering study concerning the Harbour's possible use as a ship­

ping point for iron ore. Hard bottom underlying sands in the

vicinity of the entrance channel was inadequately defined using

hydrosonde equipment. Two boreholes were sunk in the same region.·

Jar samples of sediment bored are held at Strahan by the

representative of the Hobart Marine Board but are said to have

been mixed up by local fishermen.

Fimiston Mining appears to have been persuaded to sponsor

a general investigation of the Harbour sediments. Numerous

samples were collected and assayed but objectives were confused

and the program was incompetently administered.

Macdonald's study covers an investigation of beach materials

on the spit partially closing the Harbour. Several drill holes

5 to 12 feet deep were driven into the beach face, and heavy

mineral contents of the sands recovered were studied. Ilmenite,

rutile, leucoxene, cassiterite, chromite and zircon were shown

to be present. Tonnages apparently were considered too small

to warrant continued attention. I note that an insignicant

4
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fraction of the total sand body was investigated and that holes

were sited in one of its less alluring parts.

The Mount Lyell survey covered a search for pyrite in

mine tailings which have accumulated at the delta of the King

River, in the northeastern part of Macquarie Harbour. Some 470

samples were collected from holes drilled ten to" twenty feet

into exposed parts of the delta. Pyrite averages 5% by weight

of the sediment cored. When the bounty on sulfur production

was removed, Mount Lyell stopped the survey. The survey was

conducted painstakingly, if in somewhat pedestrian fashion;

results appear to be fairly reliable.

All four studies above are on open file at the Tasmanian

Department of Mines.

1.3 Holb survey

The current investigation began in March 1973, when

S.R.M. Harvey, Overseas Natural Resources Company, R.P. Lucas

and E.G. Brady (Appendix A) applied for an exploration licence

of 148 square miles covering Macquarie Harbour and the beach

lying west and northwest of it. About fifty samples were collected

from the upper foot or two of the Harbour floor. Sample sites

are spaced along a traverse zig-zagging down the length of the

Harbour. The bay bottom proved to be reducing as predicted.

Sediments were seen to be unconsolidated, fine grained, high in

organic remains, a minimum of five yards thick and readily dredge­

able. As anticipated, the sediments were found to contain con­

centrations of sulfide and of several metals. Copper, silver

and cobalt concentrations increase toward the King River Mouth.

Molybdenum and uranium concentrations extend bay wide.

5
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Preliminary estimates based on the reconnaissance data

indicated that metals probably present throughout the upper

three yards of sediment found in the northern third of the

Harbour should be worth several hundred million dollars in

place, and that further investigation of the bay thus was

warranted. Results of this first phase of exploration were

presented to the participants last July in a comprehensive

report (Harvey, 1973), together with recommendations concern­

ing a second phase of exploration.

The exploration licence applied for was received from

the Mines Department later in the year, valid from 29th June

to 28th December, 1973, and renewable thereafter.

6
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2.1 Backing

PHASE II
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In October 1973, Cities service International Incorporated

(Appendix A) expressed willingness to join the project and to

fund Phase II exploration. A formal agreement (Appendix A )

was prepared jointly by Holb and Cities. Operations began on

10 December when the document was signed by Holb. Minor mod­

ifications acceptable to both parties were made later. In essence,

the Agreement grants Cities and any partners it may bring in a

total interest of 94% in anything found, and an option to par­

ticipate with Holb in similar investigations launched elsewhere.

Cities, with or without stock issues, partners of its own choos-

ing and by other means, funds all necessary exploration and

development, guaranteeing Holb a constant 6% interest together

with board representation. The Agreement specifies that Phase II

be conducted by Holb according to a mutually devised program,

and that Cities assume increasing responsibility for work sub­

sequently called for.

2.2 Objectives

Phase II was designed with four main objectives in mind

• Lease the King delta, not available when the main exploration

licence was secured 1 possibly lease Port Davey and Bathurst

Harbour, a similar area 50 miles south of Macquarie Harbour.

Examine areal and vertical distribution of target metalS

throughout upper parts of bay floor sediments.

7
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• Investigate concentration and distribution of other elements,

such as gold, sulfur, iodine, boron and bromine likely to

be present in the sediments.

Study ways in which metalliferous fractions of the sed­

iment might be concentrated, separated and processed.

At a meeting in Princeton on 27 November 1973, Cities

agreed to sponsor and direct the latter study under Cities'

budget. At the same meeting Cities requested that samples of

water and sediments from selected streams entering the bay be

obtained and that data on the geology and geography of the region

be collected.

As first conceived, Phase II was scheduled to begin on

1 December 1973, to be completed in six months, and to cost an

estimated U.S. $25,000. Holb was later advised that, if required,

expenditure might run to between $35,000 and $40,000.

2.3 Operations

The Holb group assumed responsibility for every aspect of

Phase II except mineralogical and processing studies,which

Cities had agreed to handle. Holb's program got under way in

mid-December, about one month behind schedule because of delays

in connection with the Agreement. Except for this thirty-day

shift in scheduling, all licencing, sampling, assaying and data

collection were completed on time.

Cities mislaid bulk samples airfreighted in March and con­

sequently did not initiate processing studies unti mid-May.

Cities referred the promised mineralogical work to an outside

contractor at the same time.

8
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The Holb report has been held back to include results of these
.:~c p-f..·ern -!.:>-l'.:..r

studies, but they are still outstanding at mid:-. - thus

the report will be distributed without benefit of this information.

Personnel and Agents Holb activities in Australia were directed

by Harvey, who remained in the Commonwealth from 18th December

until 26th April. Temporary staff employed to assist in sampling

were engaged with the survey vessel. Office services have been

obtained on a contract basis.

Mr. L.R. Wastell, Chartered Public Accountant, of 27 Paterson

St , Launceston, Tasmania, was appointed project accountant.

Bailleau Bowring Ltd , also of Paterson St , handle insurance

for the project. Shields, Hexitag~Stackhouse and Martin of Cameron

Street, Launceston, were engaged as legal counsel. In the United

States Holb is represented by Sidley and Austin. of Washington

D C and Chicago. Banking needs are met by the ANZ Bank in

Australia, and Princeton Bank and Trust Company, N J , in the

United States.

Accounts and Progress Reports These have been prepared monthly

in compliance with licence requirements and are distributed to all

participants and to the Tasmanian Mines Department; Wastell main-

tains a duplicate set of reports and accounts in Launceston.

9
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;'3'3 i of this

sum relating to Phase I investigations and the remainder to those

of Phase II. The commitment to Mines for both phases is

US $34,000. Project funds are lodged under Harvey's name

in special accounts at Princeton and Launceston. L.R. Wastell

is an alternate signatory for both accounts and R.P. Lucas is an

alternate for the Launceston account.

Data Important data relating to Phase I were presented to par-

ticipants prior to or with the Phase I report. In the case of

Phase II, such data have been sent to both Cities and to Lucas.

Harvey in Princeton and Wastell in Launceston maintain duplicate

sets. Copies of most of these data, for instance assay results,

licence, and Agreement, are included in Volume Two of this report.

The southwestern quarter of Tasmania, into which all but the

northern third of Macquarie Harbour falls, is virtually uninhabited.

Little detailed information exists concerning geology, mineral de-

posits, soils and similar aspects of the district. On the other

hand, quite good approximations at regional scale are available

in the Atlas of Tasmania. It contains fair climatic data too.

10
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~ Hydrographic information and additional data on climate are

available in the relevant volume of the Australia Pilot (Appendix B

Until recently, a weather station was maintained at Cape Sorrell at

the entrance to Macquarie Harbour. by CSIR's Fisheries Division.

Stereo photo cover extends over the Harbour and its shores, but

detailed topo maps are available only for northern and eastern

extremities of the Harbour. The Lands and Surveys Department in

Hobart avers that outstanding sheets will be released in 1975.

Bathymetric charts of acceptable standard have been published for

Bathurst. Harbo.ur,l'ort Davey,".Macquar~_Harbour. entrance, and the.

approaches to Strahan in the north of the Harbour, but the body

of the bay is covered at reconnaissance level only.

Cities have been furnished with copies of the Tasmanian

Atlas, geological and exploration licence maps, with all topo-

graphic maps obtained, and with the Macquariechart. Harvey holds

duplicates and other bathymetric charts. Harvey and Cities each

hold air photos covering the Harbour.

Numerous papers concerning geology, mineralogy, mining and

treatment of Mt Lyell ores and those of all other major deposits

of northwestern Tasmania have been published in scientific period­

icals and by the Tasmanian Geological Survey. They are listed in

Section 9.1 of this report.

Equipment Gear obtained during the course of fieldwork is stored

in Launceston and Strahan, Tasmania (Appendix F). Contributions

were made toward purchase of the sampling winch and the electric

thermometer used for measuring bottom temperatures. This was the

least expensive way of obtaining temporary use of such equipment.

Though the equipment may be borrowed at no cost for future work

it is the property of Brid River Fishing Company.

11



3.0 EXPLORATION LICENCES
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3.1 Macquarie Harbour

E L 16/73 The main exploration licence/taken out in Harvey's

name on Holb's behalf in 1973, has been renewed twice since then

(Appendix Cl. Each renewal, like the original issue, is for a

period of six months. The latest renewal covers the period

29th June to .28th December., 1974.

E L 2/74 Under Tasmania's Mining code an individual is per-

mitted to hold only one exploration licence at a time. As Harvey

holds E L 16/73, E L 2/74 is held on Holb's behalf by L.R. Wastell.

An indenture like that shown at Appendix C was drawn up between

Wastell and Harvey, releasing Wastell from responsibility in

every matter relating to the licence and guaranteeing that upon

request the licence be made available, without encumbrance of

any kind, to Holb or its designates. The Mines Department agreed

that E L 2/74 be covered by programs, expenditure and security

bond relating to E L 16/73, and accordingly issued E L 2/74 under

the same terms as those covering E L 16/73. E L 2/74 has been

renewed once. The licence in force at the time of writing expires

28th December, 1974, at the same time as E L 16/73.

Terms Principal terms under which the licences are issued are

that exploration of approved caliber and extent be carried out

continuously, and that results and expenditure be reported to the

Mines Department monthly. Cores and sample splits should be re-

tained for Mines' sample collection. It is stipulated further

that exploration be conducted so as not to damage the environment.

12
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To this end a security bond of A $500.00 has been posted by Holb. A

It is recoverable if exploration is conducted and completed J
satisfactorily. All Phase I and II commitments regarding I
exploration and expenditure on both licences through 30th June,

1974, have been met and have been accepted by Mines as met.

Renewals in force were granted on the understanding that we

proceed with Phase III researches as specified in the renewal

application dated 8th June and shown at Appendix H. We are

committed, from the start of Phase I in 1973 through 28th December,

1974, to a total expenditure of US $100,000, about $ 43( 350 in

excess of the total reported to 30th June. Our proposed intro­

duction of an eighteen-month extension of Phase II calls for sub­

mission to Mines of a modified version of the program on which

the latest renewal of E L 16/73 and E L 2/74 was granted. Mines

are likely to accept such modification provided it calls for un­

interrupted work on the licences and provided that the work is

financed adequately. Note that the Mines Department closes for

several weeks about 18th December annually, thus licences due for

renewal at year end should be lodged early in December at latest.

Transfers, Conversions Tasmanian exploration licences held by

individuals or corporate bodies may be assigned to any party,

individual or corporate, nominated by the licensee and approved

by the Mines Department. One of the transfer forms is shown at

Appendix C. If the move can be justified by the licence holder,

Government will convert valuable parts of an exploration licence

to a Mining Lease.

14
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Port Davey, Bathurst Harbour

Contouring Bathymetric charts of this region shows that

most parts of the bottom slope seaward, consequently chances are

small of finding substantial areas under impounded water likely

to be stagnant and depleted in oxygen. Sediments collecting

under normally oxygenated seawater are unlikely to contain much

undigested organic matter or much authigenic sulfide. In turn,

such sediment has comparitively low ability to trap and retain

metal ions and thus is not a good target for enrichment of the

kind found throughout Macquarie Harbour. Whether river sediments

entering the Davey Bathurst bays are rich in m~talliferous

detritus like the King River sediments is largely unknown.

Cassiterite may enter Melaleuca Inlet from a small field on its

shores, but the area, both exposed and submerged, has been under

licence to a Tasmanian group for several years. Holb may undertake

limited sampling in the Davey Bathurst region later, but in the

light of the discovery regarding its bottom topography the need

to do soorifalls away.

16
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Fieldwork was carried out in February and March. It involved ex­

tensive sampling of submerged sediments and was supplemented by

some geophysics.

4.1 Sampling

The main objectives of the sampling program were fourfold:

first, to obtain samples representing the upper five

yards of sediment over the entire floor of Macquarie

Harbour

• second, to test deeper targets under any prominent zones

of mineralization revealed by the program's initial

stage

third, to collect bulk samples of ore and of average

bay sediment for lab study of concentrating and separa­

tory procedures

fourth, to sample stream waters and sediments entering

the Harbour

Bay Sampling This part of the program was conducted from the 50-ft.

steel fishing vessel "Brid River" of Launceston and Bridport, owned

and skippered by G.O. Roozendaal. Roozendaal has conducted marine

surveys on behalf of Anglo American and others, looking for, and

finding, deposits of tin and of phosphate off north and west coasts of

Tasmania. Currently he is president of the state's Professional

Fisherman's Association.

i. 2000-yd Core Samples

In order to examine areal and vertical distribution

of various metals throughout the upper five yards of the

17
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Harbour floor sediments, the newest and largest map cov­

ering Macquarie Harbour was gridded. The map used is

Sheet 5 of the state's 1:250,000 series, published in 1961.

The map's 10,000-yd grid, oriented north-south and east­

west, was subdivided into 2000-yd units over the full ex­

tent of Macquarie Harbour and its surrounds (Figure 4, and

Plate II). All grid intersections falling within appar­

ently navigable parts of the Harbour were numbered as poten­

tial sampling sites. Numbering begins at the northernmost

grid line and proceeds from west to east across each line,

shifting sequentially to more and more southerly grid lines.

A total of seventy-seven sampling sites thus was obtained.

In the field, sites were occupied with the aid bf

ship's ra~ar. The accuracy of this method is consistent

with the scale and reconna~nce nature of the base map

used. Three sites proved too shallow to be occupied

safely by the Brid River, which draws six feet. At twelve

near-shore sites,bottom proved too hard to be cored by the

equipment employed. Cores collected at the other sixty­

two sites range from three to nineteen feet in length and

on the average are twelve feet eight inches long. Coring

data are summarized in Table 1 and amplified in Table 2.

Resistance indices shown in Table 1 provide a measure not

only of the relative hardness of the sediment but also

of several other factors. Sediments of high resistance

generally are coarser grained, denser, less porous, lower

in organic matter and lie under less stagnant water than

sediments with lower indices.

19



Table 1. Core data, 2000-yd grid, Macquarie Harbour

036028

Site Cored Resistance Site Cored Resistance Site Cored Resistance

1 :6 ' 6.0 31 16 5/6' 3.9 61 13 5/12' 5.3
2 15' 4.4 32 5 1/3' 7.4 62 10 7/12' 3.4
3 9 ' 1.8 33 17 1/3' 5.1 63 18 2/3' 5.3
4 15' 5.8 34 3 5/6' 8.0 64 17 1/6 ' 3.5
5 0' 35 0' 65 17 1/3' 3.2

6 11' 5.2 36 ?* ? 66 9 3/4' 2.7
7 13 1/2' 5.4 37 17' 3.5 67 15' 2.6
8 0' 38 0' 68 14 1/2 ' 3.1
9 8' 2.0 39 17' 5.2 69 9 3/4 ' 3.1

10 4' 6.3 40 17 5/6' 5.1 70 7 3/4' 2.1

11 IS' 5.4 41 9 3/4' 4.7 71 0'
12 6 2/3 ' 5.4 42 ?* ? 72 3' 5.7
13 4 1/2' 3.0 43 14' 3.0 73 15 1/3' 1.1
14 0' -44 - -OT - - - - - - - - 74 16 1/3' 0.7
15 0' 45 11 1/6' 5.4 75 15 1/2' 0.6

16 3' 8.0 46 18' 5.0 76 12 1/4' 0.1
17 0' 47 6 2/3' 6.6 77 ?* ?
18 0' 48 O'
19 10' 5.6 49 8 3/4' 2.7 ~, 779 1/4'
20 17 1/6' 5.2 50 17' 3.5 Av., 12 2/3' at 62 sites

cored.
21 11' 4.4 51 19' 3.8 Resistance =Feetcored 7
22 10 1/3' 5.1 52 17' 5.2 water depth, expressed 01

23 17 5/6' 5.1 53 17 3/4' 4.9 1-10 log scale, con-
24 17 3/4' 5.1 54 0' .verted to corresponding
25 13 1/4' 3.7 55 18 1/2' 2.4 position on 5-0 no+mal

scale, x 2. Average
26 3 2/3 ' 7.0 56 11 5/6' 3.9 values; northern half of
27 16 5/6' 5.2 57 8 3/4' 4.1 harbour, 5.1; southern
28 3 1/4' 8.8 58 17' 3.7 half; 3.7; whole bay,
29 13 1/2' 4.2 59 11' 4.8 4.4.
30 18 1/12' 3.3 60 16 5/6' 5.2

*
<2 fathoms;unoccupiable
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Cores were taken with a free-falling 400-lb v­

corer built in Launceston for the project. With fins,

the instrument is 20 feet long. In use it is linked by

swivels, shackles, and 1/4 ins. diameter steel hawser

running through single blocks at the boom head and atop

the wheelhouse to the vessel's sharking winch. This in

turn is coupled via a 6-to-l reduction box to the ship's

hydraulic system. When the latter system proved unable

to break the corer free, the hull was rocked or the capstan

was used in conjunction with the corer's safety line.

Cores were divided into three-foot lengths measured

from the surface of the sediment cored downwards. The

lowermost sample from each core may be less than three

feet long. In one or two instances, where the core pene~

trated slightly more than three feet or a whole multiple of

it, for example 3 ft 1 ins. or 15 ft 3 ins., the few

additional inches of core were added to the lowermost

three-foot sample •. Exact intervals represented by each

sample are given in Table 2.

On recovery, two splits of each core sample were

taken and the remainder of the cores were boxed. Each

split was placed in a twelve-dram plastic vial numbered

on the cap and engraved on the base. One set of splits

was set aside for assay; the other set is maintained by

Holb for reference purposes. At selected sites in the

northern part of the Bay the splits taken for assay were

larger, measuring about 12 ounces each. These samples

were stored in plastic containers too.

22
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Table 2. Sample List, Phase II; Holb 54 - Holb 388

Sununary:

Holbi Type Locality Site Material

54-318
319-321
322-324
325-326
327-329

330-333
334-335
336
337-338
339-341

342-344
345-383
384-385
386-387
388

1-yd core
composite
composite
dredge
dredge

channel
channel
composite
channel
grab

grab
1-yd grab
grab
grab
composite

2000-yd sites,Harbour
Samples 54-183,N half"
Samples l84-318,S half"
Letle Bay, NE Harbour
Lette Bay, NE Harbour

W Strahan, Harbour Shore
E Strahan, Harbour Shore
W Strahan,Harbour Shore
2mi NE Strahan, roadside
Teepookana, King River

King River, near mouth
1000-yd sites,N Harbour
Queen River,LyellHighway
King River,HobartHighway
Samples 3~9-324, Harbour

1-77
1-43
44-77
3.
5

94
95
94
96
98

97
78-93
100
99
1-77?

silt
silt
silt
ore, surface
ore, surface

exposed beds
exposed beds
pyrite
exposed beds
H],O, silt, sand

H~O,si1t,sand

s1lt
H20, silt
H20, silt
Decanted H20

Details:

HolM

54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

71
72
73
74
75

Type

Core
"

"
"
"
"
"

"
"
"
"
"

"
"
"
n

"
n

"
"
"
"

Region

Bay
"

"
"
"
"
n

n

n

n

"
"

"
"
n

"
n

"
"
"
n

n

Site

3
"
n

4
"
n

"

"
6
"
n

n

7
"
"
"
"

9
"
"
1
"

23

Fathoms

3
"

"
19
n

n

"
n

13
"
"
"

17
"
"
"
n

3
"
"
10
n

Footage

0-3
3-6

6-9
0-3
3-6
6-9
9-12

12-15
0-3
3-6
6-9
9-11

0-3
3-6
6-9
9-12

12-13 1/2

0-3
3-6
6-8
0-3
3-6

Material

Silt
"

"
"
"
n

n

"
n

"
"
n

"
n

"
n

"

"
"
"
n

"
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Halbi! Type Region Site Fathoms Footage Material

76 Core Bay 2 12 0-3 n

77 • .. .. n 3-6 ..
78 • .. n .. 6-9 n

79 n n n n 9-12 n

80 n n n .. 12-15 n

81 .. n 10 8 0-4 ..
82 • n 11 21 1/2 0-3 ..
83 n .. • n 3-6 n

84 .. .. n .. 6-9 n

85 n .. n n 9-12 ..

86 • " 11 21 1/2 12-15 n

87 • .. 12 9 0-3 ..
88 .. " n .. 3-6 2/3 "
89 n " 13 3 0-3 "
90 n " n n 3-4 1/2 ..
91 " " 16 13 0-3 ..
92 .. .. 21 9 0-3 •
93 .. n n .. 3-6 n

94 • • .. .. 6-9 n

95 n .. .. n 9-11 ..
96 " " 20 27 0-3 ..
97 .. n n n 3-6 .. •

98 n n .. .. 6-9 ..
99 .. n .. .. 9-12 ..

100 .. n .. " 12-15 n

101 n n n .. 15-17 1/ 6 ..
102 " " 19 14 0-3 n

103 .. n • .. 3-6 ..
104 .. " .. • 6-10 ..
105 .. .. 22 12 0-3 n

106 .. .. .. .. 3-6 n

107 n .. .. .. 6-10 1/3 ..
108 n .. 23 25 1/2 0-3 ..
109 .. .. n " 3-6 ..
110 • .. .. n 6-9 n

III .. .. .. .. 9-12 •
112 .. .. .. .. 12-15 ..
113 • .. .. .. 15-17 5/6 ..
114 .. n 24 26 0-3 ..
115 .. n 3-6 ..
116 .. " " .. 6-9 ..
117 .. .. .. .. 9-12 ..
118 .. n .. " 12-15 n

119 .. .. .. .. 15-17 3/4 ..
120 • • 25 8 0-3 ..

24
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Ho1blt Type Region Site Fathoms Footage Material

121 Core Bay 25 8 3-6 Silt
122 It .. It 8 6-9 It

123 .. It .. .. 9-13 1/4 ...
124 .. It 29 10 0-3 It

125 It It It It 3-6 ..
126 It It .. It 6-9 ..
127 .. It It It 9-12 It

128 .. It It " 12-13 1/2 ..
129 " It 28 19 0-3 1/4 ..
130 " It 27 25 0-3 "

131 " .. " .. 3-6 ..
132 It It " .. 6-9 It

133 .. " .. It 9-12 ..
134 " It It " 12-15 ..
135 " .. " .. 15-16 5/6 "

136 It .. 26 10 0-3 2/3 "
137 It It 30 9 0-3 It

138 It " .. .. 3-6 It

139 It It " It 6-9 It

140 .. It It It 9-12 "

141 .. It It " 12-15 It

142 It " " " 15-18 1/2 ..
143 .. .. 31 11 0-3 ..
144 It " .. " 3-6 It

145 .. " .. .. 6-9 ..
146 " .. It .. 9-12 ..
147 .. .. It " 12-15 It

148 .. .. .. It 15-16 5/6 ..
149 .. .. 32 16 1/2 0-3 ..
150 It .. .. .. 3-5 1/3 ..
151 " It 33 24 0-3 ..
152 .. " " .. 3-6 It

153 .. .. It .. 6-9 It

154 .. It .. .. 9-12 ..
155 .. .. It .. 12-15 It

156 .. .. 33 24 15-17 1/3 ..
157 .. It 34 15 1/2 0-3 5/6 ..
158 It .. 41 9 1/4 0-3 ..
159 .. It .. .. 3-6 "
160 " .. .. " 6-9 3/4 ..
161 It It 40 19 1/2 0-3 It

162 It .. .. .. 3-6 ..
163 .. It .. .. 6-9 ..
164 It .. It .. 9-12 ..
165 " .. .. .. 12-15 ..

25
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Ho1b#

166
167
168
169
170

171
172
173
174
175

176
177
178
179*
180

181
182
183
184
185

186
187
188
189
190

191
192
193
194
195

196
197
198
199
200

201
202
203
204
205

206
207
208
209
210

Type

Core
•
•..
•

"
"
"
"
"

"
"
"
"
"

"
"
"
"
•

ft

•
ft

"
•

"
"
"
"
"

"
ft

"
"
•

"
"
ft

"
•

ft

"
"
"
"

Region

Bay
"
"
ft

"

"
ft

"
"
"

"
ft

"
"
"
n

ft

"
ft

ft

"
"
ft

"
n

"
h

"
ft

"

ft

"
"
"
"

"
"
n

"
"
ft

"
"
"
"

Site

40
39
"
ft

•

"
ft

37
"
"

ft

"
"
43
"
ft

"
"
45
"

"
"
56
"
"

56
49
n

"
55

"
"
ft

n

ft

61
n

"
"
"

64
"
u

"
n

Fathoms

19 1/2
23

ft

ft

ft

ft

"
9 1/2

ft

"

"
ft

"
6 rn

•

•
"
"
14
"

"
"
8
"
"

8
4
"
"
6 1/2

"
ft

ft

"
"

16
"
ft

"
"

9 1/2
"
"
"
"

Footage

15-17 5/6
0-3
3-6
6-9
9-12

12-15
15-17

0-3
3-6
6-9

9-12
12-15
15-17

0-3
3-6

6-9
9-12

12-14
0-3
3-6

6-9
9-11 1/6
0-3
3-6
6-9

9-11 5/6
0-3
3-6
6-8 3/4
0-3

3-6
6-9
9-12

12-15
15-18 1/2

0-3
3-6
6-9
9-12

12-13 5/12

0-3
3-6
6-9
9-12

12-15

Material

Silt
"
"
"
"

u

"
"
u

"
ft

ft

"
n

ft

"
"
u

"
ft

ft

ft

n

ft

n

n

"
"
ft

u

"
"
n

"
ft

n

"
"
u

"
n

"
"
"
n

*179a; wood from sample 179
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Ho1bl

211
212
213
214
215

216
217
218
219
220

221
222
223
224
225

226
227
228
229
230

231
232
233
234
235

236
237
238
239
240

241
242
243
244
245

246
247
248
249
250

251
252
253
254
255

Type

Core
It

It

It

It

It

It

It

II

It

It

It

It

It

It

It

It

It

It

It

"
"
"
It

It

II

II

II

II

It

II

It

II

It

II

It

II

II

II

II

II

II

II

It

It

Region

Bay
II

It

It

It

It

It

It

It

It

It

It

"
It

It

It

It

II

It

It

It

It

II

II

II

It

It

It

It

II

II

It

II

It

It

It

II

II

It

It

II

II

II

It

Site

64
68
It

It

It

It

70
II

It

73

It

II

It

It

75

It

It

II

II

76

II

It

It

74
II

II

It

It

It

67

II

It

It

It

63

It

II

It

II

II

65
II

II

II

II

27

Fathoms

9 1/2
7
It

II

It

It

3
It

It

3 1/2

II

It

It

It

3

It

II

It

II

2 1/4

"
It

It

3
It

II

"
It

II

6

II

II

II

II

11

II

It

II

"
"

8 1/2
II

II

II

II

Footage

15-17 1/6
7
3-6
6-9
9-12

12-14 11/12
0-3
3-6
6-7 3/4
0-3

3-6
6-9
9-12

12-15 1/3
0-3

3-6
6-9
9-12

12-15 1/2
0-3

3-6
6-9
9-12 1/4
0-3
3-6

6-9
9-12

12-15
15-16 1/3

0-3

3-6
6-9
9-12

12-15
0-3

3-6
6-9
9-12

12-15
15-18 2/3

0-3
3-6
6-9
9-12

12-15

Material

Silt
II

"
"
II

II

"
II

II

II

II

"
II

II

"
It

"
It

II

It

It

It

It

It

It

It

It

It

II

It

It

It

"
II

II

It

It

It

II

It

II

II

II

It

It
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HolbJl Type Region Site Fathoms Footage Material

256 Core Bay 65 8 1/2 15-17 1/3 Silt
257 .. .. 69 5 0-3 ..
258 .. .. 3-6 ..
259 .. .. 6-9 3/4 ..
260 .. .. 72 5 0-3 ..
261 n .. 66 4 0-3 n

262 n .. .. .. 3-6 n

263 .. n n .. 6-9 3/4 ..
264 .. n 62 6 0-3 n

265 .. n .. .. 3-6 n

266 n n n n 6-9 ..
267 .. .. .. .. 9-10 7/12 ..
268 .. .. 60 19 1/2 0-3 ..
269 .. .. n .. 3-6 n

270 .. .. .. .. 6-9 ..
271 .. .. .. .. 9-12 ..
272 n n .. .. 12-15 ..
273 .. .. .. .. 15-16 5/6 ..
274 .. .. 53 18 0-3 1111

275 n n .. n 3-6 ..

276 n .. .. .. 6-9 n

277 n n n n 9-12 n

278 .. n n 12-15 ..
279 n .. .. n 15-17 3/4 ..
280 " .. 59 11 0-3 "

281 " n n " 3-6 ..
282 ." n .. n 6-9 "
283 .. n n n 9-11 "
284 " n 58 10 1/2 0-3 n

285 n n .. n 3-6 ..
286 n .. .. " 6-9 n

287 " " n n 9-12 ..
288 " " n " 12-15 "
289 n n " .. 15-17 "
290 n .. 52 19 1/2 0-3 ..
291 " " " .. 3-6 n

292 " n n " 6-9 ..
293 u " " " 9-12 "
294 " n " n 12-15 n

295 .. .. " " 15-17 "

296 .. n 47 14 1/2 0-3 n

297 " " " " 3-6 2/3 "
298 " " 46 20 0-3 "
299 " n " " 3-6 ..
300 .. " " .. 6-9 "

28
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Ho1b# Type Region Site Fathoms Footage Material

bay 78 12 3

* bay average, 12 ftms.
ft*' replacing carbonized wood

29

If ..

II ..

.. ..

II

"

" II

•

II

II

"

"

"
II

II

"

"
II

•

"
"

silt
", sandy
silt
", wthrd
", fresher

"
"

II II

"

"

"

"
II

" "

II "

Silt

Pyrite**
Sandy silt

silt
River water
River silt

River sand
River water
River silt
River sand

silt

Py. silt

Carbo wood

II

"
....

"

" II

"

It "

" .
0-1

" ..

"

3-6
6-8 3/4
0-3
3-6
6-9

9-12
12-15
15-18

0-3
3-6

6-9
9-12

12-15
15-19

0-3

19' as1
Q'twn
H'way
King R
"

18' as1

9-12
12-15
15-17
11 3/4'av

•

14-18' as1
9-14' as1

43-46' as1
10-13' as1
7-10' as1

13 5/6'av

II

"

"

"

"

"
"

"

"
"

"

"

"

"
II

II

"

"

II

"

"

II

2

3

II

..

..

..

..

..

..

....

6 1/2

14 av*..

9 1/2

..

12
II

9 av*

Surface
"

Exposed

"

"

II

II

"

"

•
•

"

II

II

"

II

•
II

•

"

II

5

..

..

57

51
"

..

50

97

98

..

..

94
96

94

95..

"

II

It II

" II

II ..

II II

II

II

II
"

II

"

..

..

..

..

..

....

..

..

..

..

..

mouth
•

..

N

. ..
n "

#54-183 1-43
II II

WStrahan

Leite Bay 3

EStrahan..

1184-318 44-77

nr.

WStrahan
2 mi NE
of Strahan
Teepookana..

II

II

"

n

II

II

II

II

"

II

II

"

"

II

"

II

II

II

II

II

"

II

"

II

n

"

"

II

"

"

II

II

"

..

....

Dredge

Grab

Channel

Composite
"

Composite
Channel

Grab
"

341
342
343
344
345

326
327
328
329
330

301
302
303
304
305

306
307
308
309
310

311
312
313
314
315

316
317
318
319
320

321
322
323
324
325

331
332
333
334
335

336
337
338
339
340
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.'Ho1bl! Type Region Site Fathoms Footage Material

346 Grab N. bay 78 12 6 Silt
347 • " 79 14 1/4 "
348 " " " If 3 •
349 " " If " 6 •
350 " " 82 15 3 •

351 • " • If 6 •
352 If • 81 15 1/4, •
353 If " " If 3 "
354 " • 83 19 1/4 If

355 " • " " 3 If

356 • " If " 6 If

357 • " " " 9 "
358 ." " " If 12 If

359 " " 84 20 2 "
360 " " " • 5 "

361 " " " If 8 "
362 If " If " 11 "
363 If If 85 11 2 "
364 " • • If 5 "
365 " • 86 17 2 "

366 " " If If 5 •
367 • • " • 8 •
368 • • 87 9 2 " •

369 " If " If 5 •
370 If " • " 8 "

371 " • • " 11 "
372 If " 90 13 1/4 "
373 If If If " 3 If

374 " • If If 6 If

375 If If " " 9 If

376 " If 89 20 1 If

377 If • " If 4 If

378 " " • If 7 "
379 " If 92 8 3 "
380 If • 93 2 1/2 3 •

381 " " " " 6 •
382 • " " " 9 •
383 • " " " 12 "
384 " Queenstown 100 Surface Queen R, River water
385 " " • " Lyell H'way Bank silt

386 If } 1.5 mi E { 99 " King R, River water
387 If of Linda " " River silt
388 Composite 11319-324 1-77 2-27 0-19' Pore water

30
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ii IOOO-yd samples

Inspection of the 2000-yd cores and of correspond-

ing assay results showed that mineralization of economic

proportions is confined to upper parts of the sedimentary

column, hence detailed investigation of deeper layers of

the sediment appeared unwarranted. In case additional

samples were needed from the mineralized layer, a further

sampling site was located at the center of each 2000-yd

grid square lying in the northern third of the Harbour.

Samples were collected from these sites using a dart with

cups arranged at 3-foot intervals down its length.

iii Composite samples

Three fist-sized cuts of each of the 2000~yd core

samples were abstracted when the cores came on deck. By

adding together one such cut of each of every core sample

taken, three identical composite samples were formed.

Each composite was collected in a plastic cray bag con­

tained in a galvanized can of lO-imperial gallon capacity.

Water draining from composites into the cans was de-

canted as it accumulated. One set of three such composites

represents samples from the northern half of Macquarie

Harbour. A second set represents samples from the southern

half of the Harbour (Table 2).

iv Dredge samples

Bulk specimens of mineralized sediment were recovered
3

with a bucket dredge of 9-ft capacity. The dredge is

of 3/16" plate and was constructed in Launceston at the

start of Phase II. Dredge samples were put into plastic

31
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cray bags surrounded by heavy gauge waterproof PVC sheet

and were then placed in IO-gallon galvanized cans for

transport to labs. Water draining from the samples was

decanted as it accumulated. In the case of dredge samples

airfreighted to the United States, paper wadding was placed

between can and sample to apsorb any additional water

w~ich might collect during transport. Recipients were ad­

vised by cable of the samples' impending arrival.

Shore Sampling Three sets of materials found in the region sur­

rounding Macquarie Harbour were sampled, notably bedded sediments,

sediments in streams entering the Harbour, and stream waters.

i Exposed Beds

A series of unconsolidated silts, sands and boulder

beds is exposed at various points along the Harbour shore

(Figure 7). According to the Geological Map of Tasmania

the materials are Pleistocene in age. They are stratified.

Beds of finer grained material are horizontal or dip at

low angles. Sands exhibit cross bedding. Boulder beds

and gravels have irregular bases cutting across underlying

bedding; layers within the gravels are concordant with layers

in underlying beds. Finer grained sediments contain much

organic matter, mainly of vegetable origin. Thin layers

of semi-carbonized wood containing individual fragments

up to four feet long are not uncommon. Much of the car­

bonaceous material is encrusted or partially replaced by

pyrite. Silts and sandy silts of the series are dark when

fresh bu.t weather light gray. Lower beds appear to re­

present a lagoonal or estuarine phase similar to the present

33
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Strahan , Macquar ie Harhour - ~ -_---~-_.-~-_.-~.~-_-,-<-~._~--...<_- ---rc

Figure 7. Exposed beds

Inter-stratified clays, sands, and
boulder beds, foreshore, Strahan

34
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phase of the Harbour's history. Overlying sands and

boulders represent a marine incursion. The series is

associated with Tertiary materials deposited in the

Macquarie graben, thus the discordances and irregular

dips probably are linked to Recent faulting as well as to

global changes in sea level.

Exposed silts, pyritic material and carbonized wood

were sampled so that metal contents revealed by appro­

priate assaying could be compared with corresponding con­

tents of sediments from the existing floor of the Harbour.

ii Stream Sediments

Sediments of the King River and its tributary the

Queen River were sampled to allow us to measure the approx­

imate content of key metals in mine tailings discharged

into the Queen River and in normal sediment of the King

River above its confluence with the latter tributary. Other

samples of this category were taken to permit us to estimate

further dilution that may take place between the confluence

above and the river mouth. Both fine and coarse cuts of

the sediment were collected so that we would be able to see

if any partitioning of metalliferous fractions is taking

place on the basis of grain size.

iii Stream Waters

Water samples were taken in conjunction with samples

of stream sediment, at Cities'. request. Cities' intention is

to measure the amounts of key metals in solution in these

waters. Samples were acidified upon collection with dilute

sulfuric acid. Methyl orange was used as an indicator, thus
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the samples now should have a pa of about 2.8.

One other water sample was collected but represents

pore waters of bay sediments rather than stream water. It

was drained from the composite samples. It has not been

acidified as this would upset its H2S content. HZS is one

of the components of this sample requiring quantitative

analysis.

Originally it had been intended to collect and analyse samples

of sand from the belt of dunes and beach running along the northwest

edge of EL 16/73 (Figure 7). This step has been postponed until re-

suIts on open file at Mines can be reviewed thoroughly.

4.2 Geophysics

In Phase I it was noticed that the 200 Khz Furuno sounder on

the Cape Martin, the vessel used for the survey, produced reflections

of hard bottom underlying thinner margins of Harbour floor silts.

For Phase II a Koden sounder was obtained, operating at the same

frequency as the Cape Martin's Furuno. The Koden transducer was

mounted in a heavy skid and linked to the recorder by a twenty-five

fathom cable attached to a support line. At each sampling site the

transducer was lowered to within a few fathoms of the bottom thus

in effect increasing the strength of the ou~put signal. Some of a

complicated series of echoes from the sea surface first were inter-

preted as sub-bottom reflections. They are visible down to 70 feet

below the Harbour floor. Later, this interpretation was discounted.

Records (Appendix D) await further analysis.

Depths at each sample station were measured with the Brid River's

50 Khz Furuno. Depths shown on the fathometer traces should be in-
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creased by one fathom to correct for the depth of the Brid River's

transducer, which is mounted on the bottom of the hull approximately

one fathom below the sea surface.

Most of the sounding records show a prominent interface lying

at a depth of about 4 1/2 to 7 fathoms below surface. The upper

water mass is a brackish body consisting of fresh water from rivers,

runoff, seepage and rain, admixed with tidally impelled influxes

•
of seawater. The interface lies approximately at the depth of

Harbour sill. Water below the interface appears to be an older,

largely inert and toxic body, probably impoverished in oxygen and

high in H2S and in some components of brines.

Water temperatures measured in March (Figure 9) were 25° to

26° C from the interface to the surface,and 22° C from the interface

to the bottom. The latter temperature is higher than that to be ex­

pected in a trapped and covered water mass.
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Analysts Study of the chemistry of sediments from Macquarie

Harbour begun by Australian Mineral Development Laboratories

(Amdel) during Phase I was continued by the same group during

Phase II. Amdel is the prime contractor in this field to the

Australian mineral industry. In Phase II Amdel examined con-

tents of valuable elements in all samples collected from the

Harbour, that is, in cores, composites and dredge samples.

The Tasmanian Department of Mines metallurgical lab in

Launceston examined samples of exposed beds and river sediments,

and as a check and a preliminary to separatory work the lab is

testing duplicates of the composite and dredge samples previous-

ly studied by Amdel.

Methods, accuracy The majority of Amdel analyses are by atomic

absorption spectrography. Those of Mines are by x-ray fluorescence.

Contents of uranium and boron and the two halides tested for were

determined by methods which neither lab has specified.

Amdel places the accuracy of its AAS determinations to with-

in plus or minus ten percent of the actual values. Mines are re-

luctant to cite accuracy ranges where values determined approach

detection limits: at levels well above detection limits they allow

that results probably are accurate to within plus or minus ten

percent.

Results All assay data received from Amdel and from Mines are
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reproduced in the original at Appendix E. Results are divided

according to class of sample in Tables 3 through 8.

Table 3. Analyses of core samples

Inspection of metal values listed shows that the

higher concentrations occur in surface and near surface

portions of cores collected in northern parts of the Harbour.

In general, the thickness of this mineralized layer lessens

with progress away from the mouth of the King River. There

are exceptions, for example at Sites 19 and 41 where mineral-

ization is thicker than it is at some more northerly points,

and at Site 6 where the deepest sample is the most mineralized.

Lead values in part run contrary to trends outlined

above, being lower in some surface samples than in underlying

material and attaining greatest concentration in southern

rather than northern parts of the bay.

Table 4. Analyses of selected cores

A search for concentrations of elements other than

Cu, Pb, Zn, Co, Mo and Ag was conducted on the 12-ounce

splits of core samples from several sites in the northern

part of Macquarie Harbour. In brief, tungsten, tin, zircon-

ium, titanium and vanadium concentrations follow those of

copper, zinc, cobalt, molybdenum, silver, gold, cadmium

and bismuth shown in Table 3,whereas concentrations of

uranium, lithium, iodine, boron and bromine tend to occur

below'the layer enriched in copper and the metals concentrated

with copper.
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Table 3. Chemical analyses, core samples. Values in ppm.
Detection limits bracketed. Analyst, M-lDEL.

Cu Pb Zn Co Mo Ag Au Cd Bi
Holbi Site Footage (2 ) (5) (1) (5) (3 ) (1) (.05) (1) (1)

54 3 0-3 870 25 240 75 50 <1 2
55 " 3-6 950 82 220 65 55 1 2

56 .. 6-9 190 45 110 12 22 £1 1
57 4 0-3 850 30 140 85 55 Ll 0.2 1 1
58 .. 3-6 310 78 110 20 18 1 <.05 1 x
59 .. 6-9 25 22 55 10 15 <::::1 -< .05 1 x
60 .. 9-12 30 32 65 10 15 2 <.05 2 x

61 " 12-15 38 30 60 10 20 1 <.05 1 x
62 6 0-3 80 12 45 8 12 ..:: 1 <.05 x
63 " 3-6 12 5 40 5 12 <1 <.05 x
64 .. 6-9 12 8 48 8 10 <1 <.05 x
65 .. 9-11 160 15 80 15 25 <1 <.05 x

66 7 0-3 920 5 170 95 55 <I 0.1 1
67 .. 3-6 750 5 180 65 40 <1 <.05 1
68 " 6-9 55 18 75 12 30 <1 <.05 x
69 .. 9-12 32 18 60 10 20 <1 <.05 x
7G .. 12-13 1/2 30 20 60 10 20 <1 <.05 x

71 9 0-3 780 5 140 90 50 <1
72 .. 3-6 820 5 160 50 35 <1
73 .. 6-8 160 18 60 15 10 <1
74 1 0-3 240 22 50 10 12 <1
75 .. 3-6 38 8 12 5 10 <1

76 2 0-3 880 8 170 55 35 <: 1
77 .. 3-6 60 28 50 10 22 <I
78 " 6-9 38 22 50 10 12 <1
79 .. 9-12 95 28 60 10 15 <1
80 .. 12-15 48 25 55 10 10 <1

81 10 0-4 12 8 22 5 12 <I
82 11 0-3 70 30 60 12 25 <1
83 .. 3-6 15 22 55 12 10 <1
84 .. 6-9 15 20 50 10 12 <1
85 .. 9-12 38 30 55 10 10 <I

x not detected
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Holb. Site Footage Cu Pb Zn Co Mo Ag

86 11 0-15 28 25 60 10 10 <1
87 12 0-3 850 5 160 70 45 ..
88 .. 3-6 2/3 330 8 110 22 28 ..
89 13 0-3 870 5 160 75 48 ..
90 If 3-4 1/2 32 15 70 10 3 ..

91 16 0-3 810 5 150 50 40 ..
92 21 0-3 300 30 130 22 20 I'

93 .. 3-6 15 18 65 12 10 ..
94 .. 6-9 15 12 30 5 5 ..
95 If 9-11 22 15 40 8 8 ..

96 20 0,...3 180 40 100 18 15 ..
97 .. 3-6 18 22 55 12 20 ..
98 .. 6-9 18 25 50 12 25 ..
99 .. 9-12 18 22 50 12 18 ..

100 .. 12-15 22 30 60 12 20 ..
101 " 15-17 1/6 18 28 60 12 25 n

102 19 0-3 730 20 160 32 20 ..
103 " 3-6 610 30 140 28 15 ..
104 " 6-10 410 55 110 20 15 ..
105 22 0-3 22 20 50 12 10 ..
106 .. 3-6 22 15 50 12 4 n

107 .. 6-10 1/3 20 22 55 8 6 ..
108 23 0-3 140 50 130 18 10 .. •

109 .. 3-6 20 28 60 15 45 ..
110 If 6-9 18 28 60 12 38 ..
111 .. 9-12 20 28 55 10 18 ..
112 .. 12-15 18 28 60 10 15 ..
113 .. 15-17 5/6 38 25 60 10 15 ..
114 24 0-3 220 70 130 18 15 ..
115 n 3-6 22 28 60 12 18 ..

116 .. 6-9 18 25 55 12 22 ..
117 .. 9-12 18 12 60 12 18 ..
118 .. 12-15 22 40 65 12 15 ..
119 n 15-17 3/4 22 30 60 12 18 ..
120 25 0-3 120 35 80 15 22 ..
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HolM Site Footage CU Pb Zn Co Mo Ag

121 25 3-6 15 22 48 10 12 <1
122 .. 6-9 15 32 48 10 8 "
123 .. 3-13 1/4 15 18 38 5 8 "
124 29 0-3 22 25 50 10 35 "
125 " 3-6 18 25 50 10 10 ..
126 " 6-9 15 22 48 10 8 ..
127 " 9-12 18 28 55 10 4 "
128 " 12-13 1/2 22 30 55 10 3 "
129 28 0-3 1/4 20 20 50 10 18 "
130 27 0-3 50 32 90 18 12 "

131 " 3-6 18 28 60 18 30 "
132 " 6-9 18 25 65 15 12 ..
133 " 9-12 18 25 60 12 18 ..
134 .. 12-15 18 28 60 12 15 ..
135 .. 15-16 5/6 18 28 60 12 15 ..
136 26 0-3 2/3 18 15 38 8 4 ..
137 30 0-3 42 30 50 8 12 ..
138 .. 3-6 20 22 48 10 10 "
139 .. 6-9 28 22 50 10 12 ..
140 " 9-12 18 20 55 10 12 ..
141 .. 12-15 15 20 50 8 15 ..
142 .. 15-18 1/12 18 22 55 10 15 ..
143 31 0-3 25 28 70 12 15 ..
144 .. 3-6 18 28 65 12 35 "
145 .. 6-9 18 .25 55 12 25 ..
146 " 9-12 18 25 60 12 12 "
147 " 12-15 25 22 55 12 6 "
148 " 15-16 5/6 20 20 42 8 6 "
149 32 0-3 20 22 80 12 90 "
150 " 3-5 1/3 20 20 60 10 20 "

151 33 0-3 28 28 90 18 15 "
152 " 3-6 20 25 75 18 20 "
153 " 6-9 20 25 65 15 25 "
154 " 9-12 18 28 70 15 15 ..
155 " 12-15 22 25 65 15 18 ..
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HolM Site Footage Cu Pb Zn Co Mo Ag

156 33 15-17 1/3 22 28 65 15 20 <I
157 34 0-3 5/6 20 20 50 10 6 ..
158 41 0-3 700 12 180 30 15 n

159 n 3-6 360 20 130 20 12 n

160 .. 6-9 3/4 110 40 80 12 12 ..
161 40 0-3 100 40 85 18 8 n

162 .. 3-6 20 22 55 15 25 n

163 " 6-9 20 25 60 12 22 ..
164 " 9-12 18 25 55 12 15 "
165 n 12-15 18 20 50 12 28 "

166 n 15-17 5/6 18 25 60 10 18 "
167 39 0-3 25 25 110 15 12 "
168 n 3-6 20 22 70 18 25 "
169 " 6-9 18 22 65 18 25 n

170 " 9-12 18 22 60 12 30 "

171 " 12-15 20 20 55 10 12 n

172 " 15-17 18 22 60 10 10 "
173 37 0-3 40 25 60 10 15 "
174 .. 3-6 22 20 50 10 15 n

175 n 6-9 20 18 50 10 12 n

176 " 9-12 20 20 40 10 12 "
177 .. 12-15 18 20 45 10 10 n

178 n 15-17 18 22 48 10 10 " •

179 43 0-3 20 10 48 10 18 "
180 .. 3-6 18 12 38 10 15 "

181 .. 6-9 15 10 40 10 15 "
182 " ,9-12 22 12 45 12 12 "
183 " 12-14 28 12 48 12 8 "
184 45 0-3 20 20 55 12 25 "
185 n 3-6 15 18 60 10 38 "

186 .. 6-9 18 12 42 10 18 n

187 n 9-11 1/6 15 8 28 5 10 "
188 56 0-3 15 15 48 10 10 ..
189 .. 3-6 15 12 45 10 12 "
190 .. 6-9 15 12 42 10 12 ..
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.J Holb# Site Footage Cu Pb Zn Co Mo Ag

191 56 9-11 5/6 15 15 38 10 10 <I
192 49 0-3 12 12 48 10 15 n

193 .. 3-6 15 12 40 10 20 n

194 .. 6-8 3/4 5 5 8 5 6 n

195 55 0-3 42 20 60 8 18 n

196 .. 3-6 12 15 60 8 22 ..
197 n 6-9 12 15 40 10 15 ..
198 .. 9-12 12 15 45 10 18 ..
199 .. 12-15 12 15 50 10 18 ..
200 .. 15-18 1/2 12 20 50 10 22 n

201 61 0-3 20 12 48 10 18 ..
202 .. 3-6 12 10 45 10 18 ..
203 n 6-9 12 15 45 8 15 ..
204 .. 9-12 12 12 38 8 12 ..
205 n 12-13 5/12 12 15 42 8 10 n

206 64 0-3 45 20 85 10 15 ..
207 .. 3-6 12 10 45 8 12 ..
208 .. 6-9 12 10 48 8 18 ..
209 n 9-12 12 10 38 8 12 ..
210 .. 12-15 15 10 42 8 15 ..
211 .. 15-17 1/6 18 10 42 8 15 ..
212 68 0-3 35 28 55 5 12 ..
213 .. 3-6 10 20 45 5 10 ..
214 n 6-9 8 10 28 8 12 ..
215 .. 9-12 12 10 32 8 12 ..

216 .. 12-14 11/12 12 10 35 8 18 ..
217 70 0-3 10 5 35 5 12 ..
218 n 3-6 12 30 32 8 12 ..
219 .. 6-7 3/4 12 10 32 8 12 ..
220 73 0-3 18 15 38 10 12 ..

221 .. 3-6 15 10 32 8 12 ..
222 .. 6-9 12 10 38 8 12 ..
223 .. 9-12 12 10 40 8 12 ..
224 .. 12-15 1/3 15 10 35 8 15 ..
225 75 0-3 18 10 55 10 12 ..
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Holbll Site Footage eu Pb Zn Co Mo Ag

226 75 3-6 15 10 38 10 12 <1
227 .. 6-9 15 12 42 8 12 ..
228 .. 9-12 15 12 45 8 15 n

229 n 12-15 1/2 15 15 42 10 15 n

230 76 0-3 15 12 35 10 12 n

231 n 3-6 12 10 42 10 12 n

232 .. 6-9 15 12 40 10 12 ..
233 .. 9-12 1/4 15 12 40 10 12 n

234 74 0-3 18 12 40 10 12 ..
235 n 3-6 15 10 38 10 12 n

236 .. 6-9 15 12 42 10 12 n

237 .. 9-12 15 12 38 10 15 ..
238 .. 12-15 18 10 42 8 15 ..
239 n 15-16 1/3 15 12 38 10 15 ..
240 67 0-3 15 10 35 8 18 ..
241 n 3-6 12 38 32 8 18 ..
242 n 6-9 12 38 30 8 15 ..
243 " 9-12 12 12 35 8 18 n

244 n 12-15 12 10 40 8 18 ..
245 63 0-3 60 42 50 8 20 ..
246 .. 3-6 18 28 45 8 22 n

247 n 6-9 15 15 35 8 18 ..
248 n 9-12 15 10 42 8 18 ..
249 .. 12-15 15 10 40 8 18 n

250 .. 15-18 2/3 15 10 45 8 20 ..
251 65 0-3 18 50 42 8 12 ..
252 .. 3-6 12 12 42 8 10 n

253 " 6-9 12 32 35 8 12 ..
254 " 9-12 10 15 35 8 12 n

255 " 12-15 12 10 32 8 12 ..
256 " 15-17 1/3 12 10 38 8 12 n

257 69 0-3 15 5 22 5 10 "
258 " 3-6 5 5 15 5 10 "
259 .. 6-9 3/4 8 50 18 5 10 n

260 72 0-3 12 12 22 5 8 "
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Holbll Site Footage Cu Pb Zn Co Mo Ag

261 66 0-3 8 35 28 5 8 ,1
262 II 3-6 8 28 22 5 8 II

263 II 6-9 3/4 8 10 30 5 8 II

264 62 0-3 25 30 70 10 18 II

265 II 3-0 12 28 38 10 15 II

266 II 6-9 10 40 32 8 12 "
267 II 9-10 7/12 10 8 25 8 12 II

268 60 0-3 90 70 70 12 18 II

269 II 3-6 15 20 48 10 22 II

270 II 6-9 12 38 40 10 12 II

271 " 9-12 12 15 40 10 18 "
272 " 12-15 12 18 35 10 20 II

273 II 15-16 5/6 10 38 35 8 12 II

274 53 0-3 150 60 95 12 12 II

275 " 3-6 22 18 45 12 25 "

276 " 6-9 15 38 50 10 15 "
277 " 9-12 15 48 40 10 28 II

278 II 12-15 15 42 45 10 12 II

279 II 15-17 3/4 15 42 48 10 12 II

280 59 0-3 15 15 42 10 25 "

281 II 3-6 12 50 40 10 25 "
282 " 6-9 12 22 42 10 22 II

283 II 9-11 12 15 38 10 25 II

284 58 0-3 38 25 60 10 25 II

285 II 3-6 15 60 40 10 25 "

286 II 6-9 12 42 42 10 22 "
287 II 9-12 15 30 45 10 18 II

288 II 12-15 15 50 45 10 12 II

289 II 15-17 15 28 42 10 12 II

290 52 0-3 38 190 65 12 8 II

291 II 3-6 15 20 45 10 22 II

292 II 6-9 12 22 45 10 30 II

293 II 9-12 15 28 42 10 15 II

294 II 12-15 15 55 42 10 28 II

295 II 15-17 15 90 45 10 50 II

48



~~x, 036057
Holbjl Site Footage Cu Pb Zn Co Mo Ag

296 47 0-3 18 70 55 10 15 <1
297 .. 3-6 2/3 18 20 50 10 5 ..
298 46 0-3 110 55 90 15 5 ..
299 .. 3-6 18 22 48 12 22 ..
300 n 6-9 15 20 45 12 28 n

301 .. 9-12 18 22 50 12 15 n

302 n 12-15 15 22 55 10 10 ..
303 .. 15-18 15 22 50 10 15 ..
304 51 0-3 22 20 50 10 22 ..
305 .. 3-6 22 22 65 8 15 ..
306 .. 6-9 15 22 45 8 12 ..
307 .. 9-12 15 22 48 10 12 n

308 .. 12-15 18 25 48 10 15 ..
309 .. 15-19 15 25 50 8 15 n

310 57 0-3 22 22 55 10 12 ..
311 .. 3-6 32 25 55 10 10 ..
312 .. 6-8 3/4 20 18 65 12 6 ..
313 50 0-3 18 22 40 8 15 ..
314 .. 3-6 18 20 50 8 15 ..
315 .. 6-9 15 22 45 8 10 ..
316 n 9-12 15 20 45 8 12 ..
317 .. 12-15 15 22 38 8 15 ..
318 .. 15-17 15 22 48 8 15 n
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'lab1e (. Chemical analyses, selected core samples~ Values in ppm.
Detection limits braeketeQ.Analys~, AMDEL.

&olbl W Sn Zr Ti U V Li I Dr D S
Foot-

Site age (SO) (1) 110 ) (100) (10) (1) (10)
57 ( 0-3 SO 10 00 3,000 10 100 80 <10 60 45 35,000
58 • 3-6 x 3 100 2,500 12 100 150 60 265 150 24,000
59 • 6-9 x 1 50 2,000 18 80 300 60 290 190 29,500
60 • 9-12 x 1 30 2,500 8 50 120 30 230 180 31,500

61 • 12-15 x 1 50 2,000 8 50 150 25 225 190 35;500
62 6 0-3 x 1 80 2.000 B 50 120 35 170 80 12,500
63 · 3-6 x 3 SO 2,000 8 30 150 35 205 130 21,500
64 • 6-9 x 1 30 2,000 14 SO 200 30 205 160 19,500
65 • 9-11 x 3 ISO 2,500 14 80 200 20 145 120 22,500

66 7 0-3 SO 10 250 3,000 12 100 100 0< 10 30 25 41,500
67 • 3-6 x 5 150 3,000 12 100 100 IS 100 50 27,000
68 • 6-9 x 1 50 1,SOO 14 30 200 45 245 200 27,000
69 • 9-12 x 1 50 2,000 8 50 200 40 205 200 29,500
70 • 12-13 1/2 x 1 50 2,500 8 80 200 25 190 250 31,000
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Table 5. Analyses of composite samples

Values given in Table 5 permit results arrived at

independently by Amdel and by Mines to be compared, and

the table provides further data regarding areal distribution

of the elements tested.

Mines' values correspond well with those of Amdel in

the cases of cobalt, molybdenum and bromine. Correspondence

in values for copper, lead, zinc and uranium is fair,though

Mines' figures are approximately 30% above Amdel's. Mines'

values for iodine and boron are less than 30% of Amdel's.

For Cu, Pb, Zn, Co and MO,a third set of values has been

arrived at; they were calculated by summing and averaging

values given in Table 3 for the individual samples from

which composites were formed. Where appreciable differences

exist between the various sets of analyses,Amdel results are

to be preferred to those of Mines,and calculated values

to those arrived at by direct measurement. Reasons for

these preferences are that the Mines lab is considerably

older, smaller and less well financed than Amdel and there­

fore likely to be less well equipped and staffed, and that

the calculated values each embody about 130 separate de­

terminations per metal rather than a single measurement for

each metal in each composite; further, calculated values

are based on determinations relating to samples of exactly

equal weight containing most of their original pore water,

whereas the real composites were drained of much pore water

before analysis and were composed of fractions of each com­

ponent sample no more than approximately equal in weight.
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Table 5. Chemical analyses of oomposite core samples. Values in ppm.
Arodel detection limits bracketed.

Bolbl Sites Analyst Cu Pb Zn Co Mo A9 Au 8i Sb As Ni
(2) (5) (l) (5) (3) (l) ( .05) (l) (30) (50) (5)

321 1-43 Mines 210 27 160 17 21 <.S 40 25
319 • Amdel 150 22 110 18 20 <: 1 <.05 " " " "54-183 • Amdel* 132 24 73 17 19 < 1

324 44-77 Kines 22 14 150 ..::13 17 "".5 26 39
322 • Amdel 22 8 95 8 15 < 1 <.05 " " " x
184-318 • Amdel* 18 23 43 9 15 < 1

3210324 1-77 Mines· 116 20 ISS 12 19 <.S 33 32
319&322 · Amdel* 86 IS 102 13 17 <1 <.05 x x x x
54-318 Amdel* 75 23 58 13 17 <'1

Bolbl Sites Analyst W Sn Zr Ti 0 V Li I IIr 11 S
(50) (1) (10) (1001 (10) (11 (l0)

321 1-43 Mines 16 <9 140 33
319 • Amde1 " 1 100 3,000 12 100 200 30 155 150 24,500

324 44-77 Mines 16 <9 ISO 28
322 • ADdel x 1 80 2,000 8 80 80 2S 135 170 26,500

3210324 1-77 Mines· 16 <9 145 30
319&322 • AmOel* x 1 90 2,500 10 90 140 27 14S 160 25.500

• calculated values
x not detected

52



•
Table 6. Analyses of dredge samples

036061

Amdel results presented here are in broad agreement

with figures in Table 3 referring to sample Holb 54,which

was collected at the same site as the dredge sample analy­

sed in Table 6.

Other analyses of dredge samples have been conducted

by Cities, Colorado School of Mines Research Institute,

Hazen Research of Denver and probably by the Tasmanian Mines

Department. The only set of these other analyses yet sub­

mitted to Holb is that prepared by CSMRI from a specimen

compounded of equal parts of dredge samples collected at

Sites 3 and 5. CSMRI results converted to parts per million

from weight percent and ounces per ton read as follows:

Cu, 900; Fe, 89,300; Pb, 100; Zn, 2,060; Co, 200; Mo, 100;

U (from U
3

0
8

) , 42; Ag, 0.33; Au, 0.16. Compared with all

Amdel, Mines and Mount Lyell results for several hundred

samples from northern parts of Macquarie Harbour, the CSMRI

values are too low in silver, too high in uranium and cobalt

and far too high in zinc. The anomalous zinc value probably

stems from contamination of some sort, possibly from the

drums in which samples in question were airfreighted. Sol­

ution of a layer of galvanizing no more than one-two thou­

sandth of an inch thick and twelve inches high from the inner

surface of the drums could produce the observed zinc enrich­

ment. Precautions described in Section 4.1 of this report

were taken to guard against such contamination but it was

never intended that the samples remain in the drums for one­

and-a half months after shipment, as it seems they did.
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'fable 6. Chemical analyses of dredge samples. Values in ppm.

Amdel detection limits bracketed.

Bolb' Site Analyst Cu Pb %n Co Mo Ag Au Bi Sb As Ni
(2) (5) (1) (5) (3) (1) (.05) (1) (30) (50) (5)

326 3 Amde1 720 40 160 85 45 1 0.1 1 " x

329 5 Mines

Balbi Site Analyst W So Zr Ti U

(SO) (II (l01 (1001

v
(10)

Li

(II

I

(10)

Br B S

326

329

3

5

Amde1

Hines

5 100 2,500 12 100

¥ not detected

54
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Table 7. Analyses of exposed sediments

Values in this table compared with corresponding

figures for composites and core samples from the southern

half of the Harbour show that processes responsible for the

bay-wide enrichment of certain elements concentrated in sed­

iments of the present floor of the Harbour probably have

been in operation for some thousands of years and possibly

for a million years. Testing Miocene sediments from Macquarie

graben would allow us to discover whether the processes

operated in Tertiary times. Samples 337 and-B may be Ter­

tiary material.

Note that the first seven silver values, against which

I have placed a question mark, appear to be ten times too

high/reproduced as received from Mines. In two other sets

of analyses from Mines the detection limit for silver is

0.5 ppm, not 5 ppm as in the determinations questioned.

Several elements appear to be slightly more abundant

in weathered than in fresh silt. Cobalt is strongly con­

centrated in pyrite, here unequivocally authigenic. Uranium

which it was anticipated would be concentrated in the car­

bonized wood or possibly in the pyrite is in relatively low

abundance in woody and pyritic material and highest in whole

samples of silts containing the largest boron values of any

samples of exposed sediment; in the latter case, uranium of

the exposed beds follows the course it exhibits in Table 4.

Halide and boron values are significantly lower in the ex­

posed beds than they are in submerged sediments analysed

in Tables 4 and 5.

55



036064

TaI>le 7. Chemical Analyses of exposed sediments. values in ppm.

Analyst l Tasmanian Mines Department

Bolbl Site Locality Type Mat.erial Cu Pb Zn Co Mo Aq Au

330 94 W Strahan Grab Carb. wood 65 28 54 < S <.10 5' <.s

331 • 3'chnL Dark silt. 24 12 67 16 14 < 5-? <.s
332 • S' • Sandy silt 30 12 83 10 12 < 5? <.S

333 • • 2-1/2'. I1pper ailt. 20 6 59 10 """10 .0:. 5! <.5

334 95 E Strahan j·chnl. Wthrd silt 30 24 62 < 5 <10 7~ ""' .. 5
33S • • 3' • Fresher silt 30 14 48 9 <-10 <.5! <.5

336 94 W Strahan Composit.e Pyrite· 40 70 30 23S 12 6! <.5

337 96 2mi HE of 94 3·chnl. Sandy silt 52 53 28 < 1). < 5 <.5
338 • Grab Dark silt 48 S2 15 < 1,) <. 5 <..5

Bo1bl Site Locality Type Material w0
3

Sn 11 3°8 I 8r 8

330 94 W. Strahan Gral> C&rb. wood <: 50 24 11 31 23 18

331 • • 3·chnl .. Dark silt <50 <7 <.s <9 21 4
332 • • 5' sandy silt <50 <7 19 <9 <2 24

333 • W Strahan 2-1/2'ic I1pper silt <SO <7 16 <9 -<2 39

334 9S E Strahan 3' Wthrd silt< 50 <7 9 <9 18 12
335 • 3' • Fresher silt <50 <7 7 <'9 4 10

336 94 w Strahan Composite Pyriteil<SO 10 S 110 6 16

337 96 2mi HE of 94 J'chnl. sandy silt 12
338 Grab Dark silt 12

* replacing carbonized wood
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Table 8. Chemical analyses of river sediments. Val.ues in ppm. Analyst,Tasmanian Mines

Bo1b' Site Locality Type Material Cu Pb Zn Co Mo Aq Au U30 8

340 98 Kieq R, Tee~kana Grab Silt 1020 110 310 45 57 x x 20
341 . · Sand 1670 60 220 31 25 x x 17

343 97 King R, Hr. Mouth • Silt 1190 150 240 64 67 < .5 <.5 16
344 • • • • sand 1270 83 210 50 50 < .5 < .5 12

385 100 Queen R. Q'town Sed't:'2220 120 220 61 49 <.5 x 12

387 99 King R, Hobart Rd. Silt 28 36 54 13 5 x x 17

.x pot 4etected

57



Table 8. Analyses of river sediments
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Results in Table 8 show that copper is slightly more

abundant in sandy than silty fractions, and that for zinc,

cobalt, molybdenum and uranium the reverse is the case.

Summary Comparing elemental abundances given in the preceeding

six tables with corresponding abundances for the Earth's crust

shows that at least fifteen elements are concentrated in wet sed-

iments of Macquarie Harbour. Molybdenum, tungsten, gold, sulfur,

iodine, bromine and boron are concentrated twenty to fifty times

their average level in the crust, copper and arsenic ten to twenty

times, and cobalt, uranium, silver, zinc, cadmium and lithium one

to ten times.

Concentrations of uranium, molybdenum, lithium, arsenic,

sulfur, boron, iodine and bromine extend bay wide. These con-

centrations are believed to be made up for the most part of elements

dissolved in pore waters, and in brine lying below the Harbour's

5-7 fathom interface.
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~

~ Contents of uranium, lithium and arsenic in the bay sed-

iments represent concentrations in the inferred brine 2000 to

6000 times the metals' abundance in seawater; the iodine content

represents a concentration 700 times the element's abundance in

seawater.

Copper, gold, silver, cobalt, zinc, cadmium and tungsten

are concentrated in material entering Macquarie Harbour from the

King River. Molybdenum, uranium and sulfur concentrations found

throughout the Harbour also occur in the King River discharge.

In addition, small concentrations of tin and bismuth, and prob­

ably of selenium and antimony are believed to be entering the bay

via the King system. Most of the elements listed reach the King

system via its tributary the Queen River. The elements are con­

tained in tailings released to the Queen River from the Mount

Lyell mine at Queenstown. Part of the influx into the Harbour

may consist of metals in solution.

Chemistry of the Phase II samples was unraveled mainly by

Amdel. Analyses were distributed to participants in the Macquarie

project as soon as they were received from the labs.

5.2 Mineralogy

Harvey undertook preliminary microscopy on mineralized sed­

iment from the Harbour floor in 1973 and summarized findings thus

(Phase I Report)

"Bottom sediment sampled in Macquarie Harbour appears mod­

erately uniform mineralogically and texturally. Its chief

characteristics are as follows:
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Components Avg weight percent Grain
min

Diameter,
avg

mm
max

Opaque minerals 10 .001 .05 .15
Plant remains 8 .006 .07 .2
Clays 37 .003 .02 .1
Micas 13 .003 .01 .03
Quartz, etc 32 .006 .01 .1.

The sediment varies from a medium clay to a very fine

sand. Most of the sediment, with an average grain diameter

of about 0.02mm, ranks as a medium silt.

The opaque minerals appear to be sulfides mainly. A

substance tentatively identified as marcasite accounts for

the bulk of the opaque matter. pyrite is present in most

samples. Near the King River pyrite is common and chalco-

pyrite ? and bornite? occur. Some of the sulfide found

near the King River is sub rounded and compar~tively coarse

grained; probably it is detrital. Elsewhere most of the

sulfide probably formed in the sediments, very possibly

through the agency of anaerobic bacteria".

Our understanding of the sediments has yet to progress much further.

Cities began x-ray examination of Macquarie sediment prior

to the start of Phase II and confirmed Phase I data given above.

Specifically it was found that the clay-sized fraction of the sed-

iment, taken by Cities as that~ 0.005mm in grain diameter rather

than that<: 0.003, varies from 35% to 65% by weight and consists

principally of quartz, hydrous mica and kaolinite. Subordinate

quantities of a mineral regarded as chlorite ? also occur in this

fraction. In the fraction composed of grains ~0.005 in meandia-

meter, quartz, mica and pyrite were discovered; chalcopyrite,
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digenite, stannite and stromeyerite are said to have been ident­

ifed tentatively. More detailed studies including work with

the Company's electron probe were promised for Phase II but have

not been forthcoming. Holb has been informed that the mineral­

ogical work was referred to Hazen Research Incorporated. The

only mineralogical data received from Hazen is embodied in a

single paragraph of a letter to the backers in which it is stated

that the fraction of sample Holb 327 investigated- that greater

than O. Olmm in grain diameter- contained "chalcopyrite accompan­

ied by pyrite and traces of sphalerite". It was stated further

that the sulfides "appear to be reasonably well liberated from

gangtle constituents".

Effective methods of concentrating valuable fractions of

Macquarie sediments are unlikely to be perfected fast and rela-

tively inexpensively unless the mineralogy of the sediments is •

studied properly, both at a quantitative as well as a qualitative

level. Results of such a study were needed some months ago, be­

fore attempts to produce concentrates began.

As Cities has failed to produce this information, I have

commissioned Amdel to conduct the study. Results will not be ready

for inclusion in this report but should be available to us early

in September.

Supplementary information regarding mineralogy of the bay

sediments can be culled from papers on the geology of Mt Lyell and

areas near it. According to Solomon and Elms (1965) the chief

ore minerals at Mt Lyell are chalcopyrite, bornite and pyrite.

Minor quantities of chalcocite, digenite, tetrahedrite, tennantite
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enargite occur, also cuprite, native copper, free gold, galena,

sphalerite and stannite. Other sources report that cupriferous

pyrite, magnetite, siderite and goethite are present too.

While most of the metals concentrated in the northern part

of Macquarie Harbour should prove to be contained mainly in frag-

ments of ore minerals listed above, and elements such as lithium,

boron, iodine and bromine almost certainly exist within the Harbour

largely in a dissolved state, the site of most of the uranium and

molybdenum concentrated in dried specimens of King River sediment,

bay floor si~t .and in the exposed silts remains unknown. The ex-

tensive spread and rather uniform concentration of these two elements

suggests that they are dispersed either in solution or via very fine

grained particles. As molybdenum reaches its greatest level in the

King River discharge and was concentrated markedly in the sink

fraction of Holb's heavy liquid separation, reported in the follow-

ing section of this report, the element probably enters the bay

partly in solution and then is taken into lattices of sedimentary

sulfides. Partial concentration of the uranium below the ore zone

in the layer rich in brine elements may mean that much of this ele-

ment remains in solution. Results of water analyses promised by

Cities may help to resolve these questions.
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036071
RESERVES

It appears that the Holb licences at Macquarie Harbour

contain at least three mineral deposits, namely the metall-

iferous sediments of the King River and northern part of the

Harbour, the bay wide body of brine, and sands extending along

the northwestern edge of EL 16/73 containing heavy minerals.

The latter two deposits are imperfectly defined and of uncertain

potential. The sketchy information about them we do possess is

presented at the end of this section of the report.

6.1 Metalliferous deposit

The deposit embraces bay sediments and waters, deltaic sed-

iments and waters, river sediments and waters, and mine tailings

and waters. Little is known at this stage about contents of val-

uable metals in the four categories of water mentioned, thus they

will not be included in reserve estimates which follow. It should

be noted in passing/however, that mine waters from a sulfide de-

posit of Lyell type reasonably may be expected to be acid and

relatively high in dissolved metals. Seepage and runoff from a

region of widespread mineralization over which fit Lyell's

smelter fumes were discharged for half a century well might rank

as an additional source of dissolved metals. Some solution of

metals is likely to take place during river transport of sulfide

particles over the eighteen miles from Queenstown to the sea. Also,

metals may be dissolved partially, after deposition, by pore waters

of the deltaic and bay-floor sediments. Below the 5 ~o 7 fathom
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interface, bay waters and presumably pore waters are believed to

be charged with H2S. As the mineralized sediment has been in place

for 1 to 70 years, that is, for an average of about 35 years, pore

waters should for the most part have attained equilibrium with the

sediment they permeate and the mineral grains they surround.

Core samples of mineralized sediment were packed for dispatch

to Amdel in the state in which they were taken from the bay and

therefore are likely to have contained most of the original pore

fluid.

Metal contents determined for dried fractions of .these samples

consequently represent metal contents originally present in solid

and liquid fractions of each sample. As neither the concentration

of anyone metal nor the overall salinity is likely to have been

particularly high in pore liquids, metal contents of the corres­

ponding solid fractions of samples probably experienced little

dilution and are essentially the same as the reported values.

Although the presence of metals in pore fluids thus has been taken

into account and appears unimportant in the analyses, their presence

warrants attention in terms of reserve volume, ore treatment and

mining economics. Even if metal concentrations in pore fluids are

low by absolute standards, the very large quantitiy of such fluids

involved, the fact that the host ore probably would require dewater­

ing in any case, and the economy with which materials in solution

can be handled and recovered are considerations which make this

aspect of the total reserve picture one well worth examining in

forthcoming stages of the investigation.

Estimates of metal reserves in solid fractions of the min-
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eralized sediment depend upon the thickness, extent, density and

grade of material in the bay, delta and river, and on the quantity

and grade of the mine discharge. ~he grade of ore in these four

categories decreases from mine to bay; tonnages increase.

~hickness ~hicknesses of mineralized sediment in Macquarie Har-

bour were derived in two stages from assays of core samples col­

lected at 2000-yd grid sites and from data published in the Mount

Lyell reports on their delta drilling.

First, thicknesses of mineralized sediment intersected

by Holb cores were measured. ~he point at which mineralization

ends within a three-foot core sample can be calculated by finding

the proportion of the sample composed of sediment having the average

copper content of all wholly mineralized overlying samples and

the proportion consisting of unmineralized bay sediment underlying

the ore zone. For example, a 3-foot core running 545 ppm Cu

collected between overlying samples averaging 800 ppm Cu and under­

lying samples averaging 30 ppm Cu is assumed to consist of one-third

underlying unmineralized bay sediment (30 ppm x 0.33 = 10 ppm) and

two-thirds ore (800 ppm x 0.67 = 533 ppm), that is, of 533 ppm and

10 ppm, or 543 ppm Cu. ~o of the three feet of this sample con­

sequently are regarded as mineralized. If two overlying 3-foot

samples are mineralized, then the calculated thickness of ore at

this coring site is taken.as 3ft + 3ft + 2ft, that is, as 8 feet.

At sites where there are no fully mineralized overlying samples,

values from the nearest fully mineralized 3-foot sections are

extrapolated, applying appropiate corrections for distance.
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Grid square yds KR . +Measu~~d From curves Area
2 vo1umj

T, ~ns Cu, ppm Cu,ppm T, yds M yd M yd

5,5E,8 delta 1600" 1600 7.00" 1.80 12.60
5 1500 980 3.66 3.00 11.00
8 2000 945 3.05 2.80 8.54
7 3000 74 835 880 2.14 4.00 8.56
3 3200 79 910 875 2.00 2.52 5.04
4 3200 12 850 875 2.00 4.00 8.00

12 3600 51 850 890 2.39 4.00 9.56
2 4000 37 880 855 1.53 2.64 4,.04
9 4000 78 800 855 1.53 1.48 2.83

11 4600 2 830 1.25 4.00 5.00
13 4600 36 870 830 1.25 3.33 4.16

6 5400 10 ( 132) 810 0.92 3.73 3.44
1 5600 9 800 0.83 1.60 1.33

16 5600 36 810 800 0.83 4.00 3.32
10 6000 790 0.75 1.48 1.14
17 6000 790 0.75 2.48 1.86
15 7200 760 0.50 2.64 1.32
20 7700 9 750 0.44 4.00 '1. 76
21 8200 15 740 0.39 5.29 2.06
19 8400 96 670 730 0.36 3.69 1,36
18 8800 715 0.33 2.40 0.80
23 9600 7 705 0.31 4.00 1.24
24 10100 11 690 0.28 4.00 1.12
22 10400 0 680 0.28 0.68 0.19
:4 73.56 100.47

yd2 M yd
3 3

%Reserve T, yd M tonsjyd M tons

River"" 4.00 0.634 2.53 0.95 2.41 2.50
Delta 7.00 1.80 12.60 1.00 12.60 13 .50

.Bay 1.25 71. 76 87.87 0.90 79.10 84.00
Total 74.19 102.80 94.11 100.00
Average 1.38 0.92

+ assay conversion; ++ average; "Mt Lyell sampling; "" 18 mi x 20 yds
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In fresh cores the mineralized layer generally looks khaki or

dark brassy gray, and barren underlying sediment dark brown. On

exposure the ore becomes rusty; unmineralized bay sediment ex­

periences scant change. Thicknesses of mineralization revealed by

these color differences accord well with those arrived at by cal­

culation.

The second stage in reckoning thicknesses of bay ore in­

volves plotting the calculated thickness at each mineralized site

against the distance of the site from the King River mouth

(Figure 10). Next, a curve is fitted to the points plotted, and

revised thicknesses are read from the curve. The procedure helps

remove both negative and positive variations of a localized nature

which it would be unreasonable to project over the large areas

between sites. Calculated thicknesses and smoothed thicknesses

are shown in Table 9. Thicknesses well in excess of those taken

from the curve apparently exist where.the bay floor is channeled,

for instance at Site 6 and at Site 19. Site 19 lies on the edge

of the present entrance to the Harbour. Site 6 lies near a deep

gutter extending westward across the Harbour floor from the mouth

of the King River; the feature represents an extension of the

present valley, developed when sea level was lower or land higher

than it is now and the spit currently shutting off most of the

Harbour from open sea had yet to form. For sites in the mineral­

ized zone which proved too sandy to core or too shallow to occupy,

projected thicknesses are used, again taken direct from the curve.

In estimating reserves, the thickness of mineralized sed­

iment determined for each coring site is regarded as the thickness

extending over all mineralized parts of a 2000-yd grid square
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centered on the site under consideration.

Twenty-one feet is adopted as the thickness of mineralized

sediment proved to exist in the King River delta. This is

held to be a safe figure for several reasons.

Mount Lyell coring did not reach the ore base,though many

of ~he holes were drilled to a depth of twenty feet

Sixty feet of water are said to have existed early this

century under the rail bridge at Teepookana, four miles up-

stream of the King River mouth

• The Admiralty chart puts the delta foot at about 13 fathoms

and a more recent survey places it at approximately 15 fathoms

In other words, the delta appears to have built up somewhere

between sixty and ninety feet since dumping of mine tailings began.

A mean thickness of mineralized sediment of thirty to forty-five

feet over the delta's whole area is more likely than the seven yard.

figure used in the case of proven reserves.

Extent Marking all sampling sites at which mineralized sediment

was cored shows that such material covers about two thirds of Mac-

quarie Harbour, or roughly eighty square miles of bay floor

(Figure 11).

The average thickness of the mineralized layer over the

southern two-thirds of this area is less than one foot although

locally mineralization extends down at least 4 1/2 feet, for in-

stance at Site 41 near the Bradden River mouth. Dredging a layer

less than a foot thick would be difficult and would not greatly

increase tonnages unless very large areas were covered. Ore in

this southern two-thirds of the mineralized region accordingly is
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5

Figure 11. Mineralized silt, Macquarie Harbour;
thickness in feet.
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not included in the following estimates. The Bradden region de­

serves attention later.

The extent of thicker mineralized ground, confined approx­

imately to the northern quarter of Macquarie Harbour, is estimated

to be about twenty-four square miles. The figure was arrived at

by shifting the 2000-yd grid so that each coring site falls at the

center of a grid square, by estimating to the nearest tenth the

mineralized area lying within each square, and by adding all such

areas. This allows fractions of certain squares overlapping land

or the barren sand banks converging on western margins of the de­

posit from the spit and the Harbour entrance to be excluded from

estimates.

The area covered by deltaic material was calculated in the

same way and includes submerged portions down to the ten-fathom

line as well as exposed portions. Areas of mineralized ground used

in computing bay and delta reserves are listed in Table 9.

Accuracy of results above may be improved slightly by sub­

stituting Plate I for the 1:250,000 sheet used to date and by ob­

taining areas with a planimeter rather than by estimation.

Volume Ore volumes for bay and delta (Table 9) simply represent

the area of mineralized ground in any unit multiplied by the thick­

ness of such ground. In the case of mineralized sediment in beds

of the Queen and King River, the volume reached is the product of

the joint valley system's length, and the average width and thick­

ness of its bed. Its length is taken as 18 miles, its width and

thickness as 20 yards and 4 yards respectively.

The average width is that for a system increasing exponent-
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ially from 5 yds to 50 yards. The average thickness is taken as

half the average center depth of a bed increasing exponentially

in depth from 2 1/2 yards to 25 yards.

Density and porosity Ore volumes derived above may be converted

to tonnages of dry material in place if densities and porosities

of the various categories of sediment are known. In Table 10

estimates of likely densities and porosities are derived from

data available. Comparable values derived from separate sets of

+data can be seen to lie within - 2-4% each other and thus probably

approximate true values rather closely. Note in passing that the

water content of deltaic sediments presented by Mt Lyell in the re-

port on delta sampling cannot be reconciled with bulk densities

and SGs of dry solids cited for the same samples. From estimates

given here in Table 10 it appears that Mt Lyell's water contents

are too low.

Values in Table 10 agree well with values published by E.L.

Hamilton of the Navy Electronics Lab at San Diego, California, for

corresponding types of sediment of the continental shelves.

Regime Material gm Iml % porosity

Macquarie Silt 1.28(1.42)1.48 61-65*

Shelves Silt 1. 25 (1. 45) 1. 85 50(73)85

Macquarie Ore 1.55(1.66)1.78 57-62*

Shelves Sandy silt 1.50 (1. 75) 1. 90 45(55)70

( ) average * best value

The Macquarie ranges,based on fewer samples/are smaller than

Hamilton's but lie within his ranges. Average densities of the

72



Sediment

Table lO.Density Calculations

Vial Samples

Rolb' 220 224 267 345

036081

1.50

1.31
1.30

1.43

Packed weight, gm
Vial weight, gm
Sample weight~ gm
sample volume, ml
Density, gm/ml 3

xO.84 .. tons/yd
Mean tons/yd3
Average tons/yd3 3
Working value tons/yds

Adjusted for water loss " spa)e gain
in packing 'storage tons/yd
Adjusted for water " space giin in
sampling tons/yd

37.33
8.12

29.21
26
1.12
0.94

36.18 50.60
8.12 8.12

28.06 42.48
22.5 26
1.24 1.63
1.04 1.37

1.15
1.08
1.10

1.23

1.25

32.95
8.12

24.83
22
1.13
0.95

43.38
8.12

35.26
23
1.54
1.29

36.04
8.12

27.92
17.5
1.60
1.34

Drum-Samples

Bolbl 319+322 320+323
Sediment
321 324 325

Ore
326 327

" for

2.river sample

Shipped weight, lbs
Drum, packing, Ibs
sample weight, lbs
Dry weight, lbs
Brine ,lbs
sample vol., ft 3
Density, Ibs/ft 3

tons/yd 3
Mean, tons/yd 3
Average, tons/yd 3
Working value, tons/yd 3
Adjusted for decanted H

2
0

Jrum space, t?ns/yd 3

Adjusted for ~°"vol. gain
in sampling, tons/yd 3

212

208
71

137
3.05

68.35
0.921

218 1.04
26

192 103

2.72 1.28
70.04 80.30
0.952 1.090

1.149
1.085
1.10

1.15

I 1.20
bay sampl.e

116

115

1.45
102.00

1.377

123
11

112

1.28
93.50
1.262

112 152
10 11

102 141
70
32

0.96 1.45
1.06 97.70
1.430 1.347

1.346
1.346
1.35

1.40
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Nt Lyell Sample.

Density
Sample

Ibs/ftJ

tons/yd3
Mean, t.ons/yd)
Average, tons/yd3
Working value. tons/yd)
Adjusted to offset ~O
, apace gains in sam~lin9, tons/yd)

Ore,
n

118 1
1.59

Kinq R.
'2

91.31
1.23

delta

1.41
1.37
1.38

1.45

Figures derived from data above

sample Kat.erial Unit values Values in place

SG lhs lft 3 Jbs/ft 3 Ibs/yd3 tons/yd 3 voU Wt'
Bay sed,drums Dry Sed. 2.21 138 48 1302 0.65 35 54

Brine 1.01 63 41 1105 0.55 65 46
Wet Sed. 89 2407 1.20 100 100

Bay sed,vials Dry Sed. 2.21 138 54 1453 0.73 39 59
Brine 1.01 63 38 1037 0.52 61 41
Wet Sed .. 92 2490 1.25 100 100

Bay oreidrums Dry Sed. 2.73 170.5 64 1745 0.87 38 62
Brine 1.01 63 40 1055 0.53 62 38
Wet Sf!!d. 104 2800 1.40 100 100

Intermed;vials Dry Sed. 2.80 175 73 2040 1.02 43 68
Water 1.00 62.4 39 960 0.48 57 32
Wet Sed .. 112 3000 1.50 100 100

Delta ore? Lyell Dry Sed. 2.88 180 69 1848 0.92 38 64
Water 1.00 62.4 38 1046 0.53 62 36
Wl!t Sed. 107 2894 1.45 100 100

ton/yd3 Ibs/ft3 wt • por- tons/Yd3
tODg/yd3so1 ;PSSummary sed sed solids 9sity • hrin~ SG dry sQ.}idS

Sediment, drums • (1.08)-1.20 89 54 65 .0.55 2.21 0.65
vials (1.08)-1.25 92 59 61 0,52 2 21 Q 73

Ore, baY' • (1.35)-1.40 104 62 62 0.53 2.73 0;87
tnterined3 (1.31)-1.50 112 66 57 0.49 2.80 0.99
delta2 (1.371-1.45 107 64 62 0.52 2.88 0.92

'from Lyell rept: other figures deriVed. lsurface ore. 3near-surface ore.- best values
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Macquarie material are a bit lower than those for shelf material.

This is in keeping with the very recent and totally surficial

nature of the Macquarie sediment measured; the shelf averages

probably include a fair fraction of sub-surface and much older

sediment which reasonably may be expected to be denser.

Densities in Table 9 applied to total volumes of mineral­

ized sediment in bay, delta and river reserves are 1-3% above the

values in Table 10, which refer almost wholly to materials from

upper surfaces of these bodies.

Tonnages Tonnages of each category of ore are shown in Table 9,

calculated from volumes and densities in the same table. The ton­

nages listed are considered sufficiently definite as minima to

rank as proven, despite the relatively wide spacing of core sites

on which the figure for bay ore, making up 84% of the total reserve,

is based. In many metalliferous deposits in solid rock, ore shoots,

veins, faults, folds, metamorphic and weathering effects cause

sharp variations in the extent and grade of mineralization, re­

quiring that estimates of ore considered proven be based on ex­

tensive drilling. In the sheet-like Macquarie body,the only var­

iable considered important is that of distance from the King River

mouth, the factor controlling the area over which the river's dis­

charge of mineralized sediment is spread and the degree to which

such sediment is diluted. Figure 10 illustrates both rates and

the systematic and predictable manner in which these changes take

place. The figure shows that dependable estimates may be made on

the strength of comparatively few test holes. Denser testing is

necessary in areas represented by the steeper part of the curve,
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that is, on the King delta. Mount Lyell undertook such testing

and provided results in reports on the delta. The tonnage of proven

ore present in beds of the Queen and King River is derived mainly

from the length and width of the two beds. Length and width are

taken from accurate maps, thus there is little room for substantial

error.

Grade Metal contents of bay, delta and river ore used in reserve

estimates are derived in Figure 10 and Tables 9,11, and 12, and are

summarized in Table 13.

i Bay ore

Average maximum contents of Cu, Pb, Zn, Co and Mo

in mineralized sediment of the northern quarter of Macquarie

Harbour based on the highest values found in analyses of

core samples are presented in Table 11. They are adjusted

in the same table by ±0-3% according to a weighted average

established for copper. The latter figure was obtained by

multiplying the tonnage of mineralized sediment available

in each grid square by the average copper content of the

square, read from the appropiate curve in Figure 10, and

by summing and averaging resultant products. Tonnages and

average copper contents of each square involved appear in

Table 9. The curve for average copper values smooths out

localized irregularities and was prepared from figures in

Table 9 in the same manner as accompanying figures for

thickness; derivation of smoothed thicknesses of mineral-

ized sediment at each site is described in earlier pages.
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Table 11. Metal values, ppm *
036085

Bay

Site Cu Pb Zn Co Mo cd U

7 920 5 170 95 55
3 910 53 230 70 52 2
4 850 30 140 85 '55 1 10

12 850 5 160 70 45
2 880 8 170 55 35
9 820 5 160 50 35

13 870 5 160 75 48
16 810 5 150 50 40
19 730 20 160 32 20
41 700 12 180 30 15

Average 849 12 170 62 41

Region

Site Cu Pb Zn Co Mo Cd U

King R above Linda 28 36 54 13 5 14
Strahan beds 20 13 67 8 11
Bay beds below ore 33 23 57 10 16

Queen R, Q'town 2220 120 220 61 49
King R below II 1290 101 245 47.5 50 13.5 •
Delta 1600
Bay ore, measured 849 12 170 62 41 12

adjusted 875 12 175 60 42 12

* Maxima,
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ii Delta ore

Contents of Cu, Pb, Zn, Co and Mo in delta ore

are based on Holb assays of mineralized sediment from

bay and river, adjusted to fit delta ore running an

average 1600 ppm Cu. The average copper value is founded

on several hundred core samples collected and analysed

by Mount Lyell.

iii River ore

Cu, Pb, Zn, Co and Mo values for sediments in the

bed of the Queen-King river system are taken from Holb

analyses.

iv Gold, silver

Gold and silver in the various categories of min­

eralized sediment have been calculated using the grade

of Mt Lyell ore as a starting point, and copper values

in ore, tails, river, delta and bay as a measure of dil­

ution taking place en route from the Lyell deposit to the

floor of Macquarie Harbour (Table 12). A shortcoming of

this technique is that it assumes copper, gold and silver

are transported, deposited, dissolved and precipitated

in the same way and at the same speed. The method's

chief advantage is that it provides at least a rough

estimate of gold and silver contents in a situation where

assay results are largely lacking and are difficult to

obtain because of the very small proportions and quantities

of these metals present in the mineralized sediments.
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Table 12a Formation of delta ore

Mt. Lyell production, 1898 - 1971

Ore Tails
tons M t a Cu A Au Mtons " t a Cu

tons,f.ozs 125.7 1.696 699,033* 16,644,417* 677,489* 120.5 1.628
recovery, , 4.20 75 80 67 95.80
pPm,in ground 7,415 5.38 0.268 1,933

A Au

1.U 0.095

Mt Lyell reserves·t 1972 - 1985

ton.,f.ozs I35.3 2.5 463,500 1,958,000 318.000 34.0 2.425 51,500 514.000 106,000
recovery, , 3.60 90 80 75 96.40
ppm, in qround 14,600· 2.33< 0 ....00· 1,520 0.498 0.104

Dilution by Ring River system

Tails River I Deposit
Mt M toa Cu. com "t M tna Cu,nnm Mt Mt;'" .. Cu. oom

1898 - 1971 120.5 1.628 1933 25.4 0.343 28 145.9 1.971 1600
,~ deposit 82.5 17.5 loa
1972 - 1985 34.0 2.425 1,520 4.81 0.343 28 38.81 2.77 1335
,!: deposit

I
87.6 12.4

ACf,ocm·
100

ArT.nom At'I,nnm
1898 - 1971 , 120.5 1.628 1,120 25.4 0.343 0.05 145.9 1.971 0.92
,~ deposit 82.5 17.5 100
1972 -1985 34.0 2.425 0.498 4.81 0.343 0.05 38.81 2.77 0.45
,): deposit 87.6 12.4 100

Au. com Au, ppm'" AU,cP!ll
1898 - 1971 120.5 1.68 0.095 25.4 0.343 0.004 145.9 1.971 0.079
,1 depoSit 82.5 17.5 100
1972 - 1985 34.0 2.425 0.1~ 4.81 0.343 0.004 38.81 2.77 0.092
\: X. deposit 87.6 12.4 100

* published: other figures estimated or derived.* proven: approximately 6 Mt similar grade prObable & possible
• !A~~r"!le et"~st-.l abLll"ld(ll"~~

79



036089
13

Values derived in Table -.l-Z" for gold and silver

in bay ore are fairly similar to values calculated from

the few analyses available

From Table 12

From analyses

Ag, ppm

0.51

0.5-0.7

Au, ppm

0.044

0.150

The lower figures, taken from the table, are the ones

used in the reserve estimates.

v Tungsten,titanium, uranium, lithium

Contents of these metals in bay and river ore

are taken from Holb analyses. Contents in delta ore

are interpolated from those of river and bay ore.

Value Dollar values of the various categories of ore based on

grade in the ground and on the average price of each component

metal over the last twelve months are presented in Table 13,

together with a summary giving the total worth of proven ore

in river, delta and bay reserves. Note that copper in the ore

accounts for about 60% of the overall value of proven reserves

and that seven-eighths of the total value of proven reserves is

contained in bay ore.

Individual values of some other metals included in the

total are small and alone would not warrant attention. However

they are likely to be concentrated up to extractable levels by

processes recovering copper and thus should be included in assess-

ing overall values of the mineralized sediments. We do not have
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Table 13. Ore (, reserve values

eu Pb Zn Co Me

$ I t.on IS00 360 S40 3333 4000
~ I Ib 8S 18 27 166 200
ppo1 I ¢ S.8 28.0 18.S 3.0 2.S

ppm cents ppm cents PP1" cents ppm cents ppm cents
lUver ore 126S 218.6 130 4.6 24S 13.2 SS 18.3 SO 20.0
Delta ore 1600 276.0 90 3.2 210 11. 3 S7 19.0 SO 20.0
Bay ore 815 IS1.0 12 0.4 175 9.S 60 20.0 42 16.8
Wtd av.. 987 170.4 2S 0.9 181 9.8 S9 19.7 47 18.8

Future ore- 1335 230.6 130 4.6 .245 13.2 55 18.3 SO 20.0

Aq Au ..yU- w '1'1

B/ton(/t.o.) 2.S0Ct.o.1 100 (t.o. I 18,000 4000 100
¢ lIb 900 200 S
ppm I ~ 0.133 0.0033 O.SS 2.S 100

ppm cents ppm cents ppm cents ppm cents ppm eents
-'- River ore 0.45 3.4 0.083 24.9 13 23.6 so 20.0 3000 30.0

Delta ore 0.92 6.9 0.079 23.6 13 23.6 SO 20.0 3000 30.0
Bay ore O.S! 3.8 0.044 13.2 12 21.8 30 12.0 3000 30.0
Wtd av. 0.S6 4.2 O.OSO 1S.0 12 21.8 33 13.2 3000 30.0

Puture ore. 0.44 3.3 0.092 27.6 13 23.6 SO 20.0 3000 30.0

River ore
Delta ore
Bay ore
Total
Average
I'uture,per year

25 ye~r8

M tons • tons S/ton·· 'e~u M $ • $
2.41 2.50 3.766 S8.0 9.080 3.2

12.60 13.50 4.336 63.S 54.600 19.3
79.10 84.00 2.785 .S3.6 220.000 87.5
94.11 100.00 283.680 100.0

3.04 S9.6
2.77 3.912 S9.0 10.83 3.8

69.2S 3.912 271.00 95.6

• at King River Mouth

•• exeludin.9' value of Se, '1'e, Sb. & S
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enough information yet to evaluate selenium, antimony and sulfur

contents of the sediments. These contents should prove of suf­

ficient magnitude in concentrates of the sediment to increase its

total value above levels given in Table 13.

Grade, quantity and value of proven ore arrived at in pre­

ceeding pages may be compared in Table 14 with corresponding fig­

ures of the two earlier estimates. The latter two were sent to

participants and backers in October '73 and April '74 respectively.

The first set is based on reconnaissance data only, a fact em­

phasized when the material was distributed. The second set

represents a preliminary evaluation of Phase II data, prepared

at the close of fieldwork. The current set of figures is based

on additional data and on a far more comprehensive analysis of

the material.

Total ore reserves Total ore reserves include probable and

possible ore as well as proven ore. Total reserves are presented

in Table 15.

i Probable ore

Two bodies of mineralized sediment likely to be

included in the total mass available for dredging

are the body representing the difference between Holb

and Mt Lyell estimates of ore in the delta, and the

body of river-diluted mine tailings expected to accum­

ulate over the next five years.

Close spaced drilling on the King River delta

undertaken by Mt Lyell in 1972 yielded over 470 samples
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and permitted the Company to make a reliable estimate

of the quantity of pyrite available. The reports of

this enterprise put the reserve at 300,000 tons of

pyrite in the upper five feet of exposed parts of the

delta. The average content of pyrite present is 5% by

weight. On this basis the quantity of sediment involved

is 6,000,000 tons. As some drill holes went to depths

of 20 feet without reaching the base of the sediments

the probable quantity involved is at least 4x6 Mt, or

24,000,000 tons. Taking into account submerged parts

of the delta, the figure may be increased by a minimum

of 25%, raising the safe total to 30,000,000 tons.

Proven reserves established by Holb include 12,700,000

.tons of this total, leaving a balance of 17,300,000 for

inclusion in probable reserves.

The grade and quantity of mine tailings likely

to enter the Queen-King river system over the next five

years may be estimated if ore grades currently worked

and on reserve at Mt Lyell are known, together with

production rates and metal recoveries. These figures
13

are available and have been used in Table~ to account

for copper values measured in river, delta and bay ore,

to estimate likely contents of silver and gold in these

three categories of material, and to predict the grade

and quantity of mineralized sediment expected to be re­

leased into Macquarie Harbour in future. A'h'e Table J2

~ shows the proportion of river sediment added to

tailings in their passage to the sea. Additional
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Proven

Total ore reserves

036094

Cu,ppm M tons $/ton M $

ex production, 1898-1973

Probable

ex productionl ,1898-l973

ex reserves2 , 1974-1978

987

1600

1335

94.11

17.3

13.8

31.1

3.04

4.336

3.912

4.14

283.5

74.9

54.1

129

Possible
'J~."'y

ex production3 ,1898-l973 8754
~2 2.785 390.5

ex reserves5 , 1979-1987 1/2 1335 26.3 3.912 102.8

JftJ/ / 2.95 493.3
~ 1-' \

1

2

3

4

5

difference between Mt Lyell & Holb estimate of delta ore body.

Mt Lyell & King R discharge at current rates for 5 years.

difference between calculated discharge & total in proven &

probable reserves.

scaled from 1600 ppm down to bay grade by adding 85% bay sediment.

discharge from mining balance of Mt Lyell's published reserves;

9.5 yrs supply.
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dilution by bay sediment can be calculated in the same

way.

Five years'future supply of mine tailings is con-

sidered safe because Mt Lyell's defined reserves are

sufficient for 14 1/2 years' operation at the present

production rate. Even if conservation pressures mount,

it is unlikely that Mt Lyell would be compelled by the

Reece government to alter its dumping practise. It is

improbab~e that Mt Lyell will do so voluntarily or that

it will be able to reduce tailings grades much further

within five years' time.

ii Possible ore

This class of reserve comprises the river-diluted

tailings which would result from mining that fraction of

Mt Lyell's present reserves not included in probable re-

serves, and it comprises that fraction of mineralized

sediment derived from all past mining operations which

is not included in proven and probable classes of reserve.

The first of these two types of possible ore is

based on an additional 9 1/2 years' tailings discharge

at present production and recovery rates. Grade and

quantity of tailings involved is fairly definite, for

the reserves have been blocked out and recovery rates

are high already. It is doubtful whether today's re­

coveries could be improved substantially without large

expenditure, which for the time being is better devoted

to mine and plant expansion and to defining new reserves.
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Additional ore reserves almost certainly will be found

and will increase eventual tailings production further.

The major uncertainty in considering either the 9 1/2

years' tailings discharge or any subsequent discharge

is that concerning the future legality of river dumping.

Possible ore of the second variety includes mat­

erial which should exist in the delta between twenty

feet below sea level and its base at an estimated sixty

to ninety feet below sea level, plus bay material found

in channels beneath the sheet-like body and in mineral­

ized parts of the Harbour beyond its northern quarter.

Ore near the Harbour's present entrance and in the

drowned lower reaches or canyon head of the King River

falls in this class, together with that found in south­

eastern parts of the Harbour near the Bradden River.

This last concentration is of uncertain origin/though

its grade suggests that it is simply a southern extension

of mineralization affecting northern parts of the Harbour.

Summary Proven and probable ore reserves total over 135,000,000

cubic yards of mineralized material currently worth some $3 per

cubic yard,or a total of over $400,000,000 in place.

The total deposit is equivalent to an oil pool of

about one-to two-hundred million barrels, priced at the former

standard of $4/bbl, or to a porphyry copper deposit. The Macquarie

body is about one-sixth the grade of the average porphyry in terms

of copper equivalent, but contains two to four times the ore, is

free of overburden, unconsolidated and is pre-milled and wetted.
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These factors offset and ultimately may prove to outweigh the

grade disadvantage.

6.2 Brine

Existence Data regarding brine inferred to exist within

Macquarie Harbour appear in Table 16. Although dispersion

characteristics, solubilities and geochemical considerations re­

garding most of the elements in question support the contention

that they occur chiefly in solution, it should be emphasized again

that their presence primarily as brine is deduced from analyses

of dried samples of bay floor sediment, not from analyses of prob­

able host waters which permeate and presumably overlie such sed­

iment. Likely existence of mineralized brine emerged after the

close of fieldwork, during a search for elements other than target

metals perhaps concentrated in Macquarie sediment. Thorough

sampling and direct analysis of pore and overlying waters await

further fieldwork. Limited confirmation of the composition of the

pore fluid is possible pro tern by analysing sample Holb 388, re-f

resenting water drained from composite specimens of bay sediment.

Chemistry Partial composition of the inferred brine appears at

line 5, Table 16. This assumes the bulk of uranium and arsenic

measured occur in solution. Contents of sodium, potassium, mag­

nesium, chlorine and other elements generally concentrated in brine

have not been determined yet. Comparing values for elements de­

tected with those in fully analysed brines suggests that brine of
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'table 16. Brine data

u Li I Br B Aa K Ha Mg

by sodium chloride~ & other brines

7.5 113
2,240 680

85

14.200
17.100

336.000
33LOOO

22
11S

9.960

4.930
5,820

110.000
22,500

89
132

26,000
9,120

33
40

1

39
46

5.8
o
198

?

2
.024

23
1,920

100
190

'5
185
218

73
47

16.7
13

89
140

3,380
380

3
4.6

88
4

25
10

3
65

215
253

145
220

5

22
30

860
2,910

1

27
30

29
34

2.1
23
29

2.5
13

140
200

10

190
224

84
4.3

81
70

30 0.3
.01 0.5

9
25

U
12

1

11
13

2
.002

0.55
24

6.5
6,500

Averaqe bay content
Av eontent. N Bayl

Bst~ted content, ~eds.

Evaporate content, N.Bay
Brine content,2 N Bay

Oilfield waters dominated

Tiszakurt field,HUngary33
Cymric field,Cal. U.S.A.
Searles Lake.Cal.U.S.A
Michigan Sasin. U.S.A.

Av COntent of earth's crust
Av content of seawater
N. Bay Brine
Cone. relat~ve to crust
Cone. relative to seawater

·'73 values: ppm/cent
• Bay Brine, cents/ton

Assuming 0.55 tons brine per Yd 3 average N
zone , assuming 85% solids rjcovery,value
recoverable is 40 cents per yd

bay sediment below ore
of U,Li,I,Br, , B

I
below ore zone

1for sediment running 46% brine by weiqht, in plaee
'page F 30, Data of Geochemistry
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Macquarie Harbour is akin to oilfield water dominated by sodium

chloride. If this resemblance is correct then the Macquarie waters

should have the following approximate contents, expressed in parts

per million:

Mg 100

Na 6,000

K 150

Cl 9,500

Dissolved solids 17,000

Water of this composition represents a 50:50 mixture of fresh

water and seawater, except that the magnesium content is six times

lower than it would be in such a mixture. Sample- 388 tastes less

salty than seawater.

It is not known whether the composition of pore water in

surficial sediment of Macquarie Harbour is the same as that of

overlying water, but as some of the sediment sampled was deposited

as recently as this century and as overlying waters seem essent­

ially stationary and cut off from surface circulation there is

little reason why the deep water should differ appreciably in

composition from immediately underlying water permeating sediment.

Indeed, water below the uppe~brackish layer, 5 to 7 fathoms thick,

is known to be saline because of the prominent reflections from its

top surface picked up by electric sounding equipment. The density

increase is too large to result from the small temperature drop

recorded across this interface and thus can only relate to a

significant rise in salinity.
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Existence of the inferred brine is important from two

standpoints. First, such a brine might well prove toxic to most

marine and fresh water organisms. If fact, this will be needed

when discussing with the Mines Department environmental effects

of dredging. Second, the inferred brine may prove valuable

commercially. This aspect is likely to depend chiefly upon the

state in which uranium detected in the dried sediment is found

to exist in the bay. If uranium is mainly in solution, as appears

likely, the concentration observed should prove great enough ,to

allow profitable extraction of the metal. A process was developed

a few years ago in Britain allegedly capable of recovering traces
-:;££2-e- ~_Ce.,-

of uranium from so~ution economically. If the uranium were worked
~-

then further concentration of some of the lithium, iodine, boron,

bromine and perhaps potassium might result, justifying their ex-

traction as by-products. Uranium was the only one of these

elements produced in Australia at June, 1969. It is questionable

whether any of the other elements would be worth extracting without

benefit of the uranium.

Figures in Table 16 refer principally to brine inferred to

exist in sediment flooring the ore zone in the northern part of

Macquarie Harbour. This is the material most likely to be de-

veloped,because of its proximity to copper bearing sediment.

Values found in sediment from the rest of the Harbour are not much

lower; such sediment appears to contain about the same amount of

uranium and roughly 75% the content of each of the other elements.

Sediment in the ore zone yielded smaller concentrations of Li, I,

Br and B but not much less uranium. Pore water from the ore zone
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may contain recoverable concentrations of target metals as well.

Quantities Quantities of pore and overlying waters in Macquarie

Harbour are large. Saline waters found below the 5 to 7 fathom

interface blanket about two-thirds of the Harbour and extend down

to 30 fathoms. If the average depth of the Harbour floor is 14

fathoms and the top of the body is put at a depth of 7 fathoms,

then the quantity of this water is 7 fathoms x 80 square miles,

that is, (80 x 3.1 x 7 x 2) million cubic yards, say 3,500 million

cubic yards or about 3,000 million tons. If this water does run

12 ppm uranium as anticipated, it contains 36,000 tons of the

metal, worth about $650,000,000 in place.

Pore water in silt underlying copper bearing sediments

which cover the northern quarter of Macquarie Harbour appears

to be worth at least 85 cents per ton in the ground. This reduces

to a minimum of 45 cents per cubic yard in sediment of the density

and porosity of bay material. Assuming that 18 square miles of

mineralized and dredgable bottom lie below the 5 to 7 fathom

interface in the Harbour's northern quarter and assuming that a

layer of silt four yards thick is classed as a reserve, the value

of U, Li, I, Br and B it contains in pore water should prove to

be approximately $(18 x 3.1 x 4 x 0.4) M, that is, about $89,000,000.

The value of Li, I, Br and B in pore water of the overlying

layer of mineralized sediment should be about $(18 x 3.1 x 1.25

x 0.125) M., that is, about $8,750,000. Metals dissolved in such

pore water should increase its value further.

The value of the latter four elements, plus uranium, in pore
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waters permeating the upper four yards of silt across all parts of

the bay floor deeper than 7 fathoms is about $400,000,000. This

layer was cored during Phase II. The sediment probably is thicker

than four yards. There is no apparent reason why values of the

upper four yards should not ~xtend downwards. The value assigned

to the layer is established by analysis and will stand, even if

uranium or any of the brine elements turn out to be present in

solid rather than dissolved form.

6.3 Other reserves

Sand Sand reserves within EL 16/73 are substantial. Beach and

dune materials extend down the northwestern part of the licence

from the vicinity of the mouth of the Little Henty River to the

entrance of Macquarie Harbour, a distance of 16 miles. The belt

is at least 1 1/2 miles wide. Sand extends from below sea level

to a maximum elevation in excess of 100 ft above sea level. Much

of the sand is unconsolidated, some of it is dry. Assuming an

average thickness of 20 yards and a dry density of one ton per

cubic yard in place, exposed portions of the reserve embrace be­

tween one and two billion tons of sand.

Submerged but accessible sand reserves occur within Macquarie

Harbour south and north of the entrance channel and along the

eastern side of the spit between the channel and Strahan. This

sunken reserve comprises about 200,000,000 tons of material.

assuming the sand has an average thickness of at least 15 feet

and has the same dry density in place as sand in the exposed

reserve.
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Previous investigations have shown sand on the seaward side

of the spit to be titaniferous and to carry small amounts of tin,

zirconium and chromium. Heavy minerals containing these elements

should be concentrated within the bay near its entrance, an area

swept by currents reaching six to nine knots. Beyond the Harbour,

heavy minerals should be concentrated near the Little Henty River.

Much of the sand in the beach and dune belt is believed to have

reached the sea via the Little Henty. If this is correct and

grain sizes of heavy minerals in the sand are similar to grain

sizes of other fractions, the south setting inshore current and

the average angle of wave attack should have combined to produce

the predicted partitioning. Neither of these two targets has

been examined, either by Holb or in earlier studies.

Bay silt Mineralized sediment from which metal bearing fract-

ions have been removed, or underlying sediment dredged and de­

watered to yield mineralized pore waters might prove suitable as

soil,or for manufacture of bricks. Iodine and other trace elements

in the sediment, together with its relatively high content of organic

matter, may give it special value as soil. In firing such sediment

the organic matter should burn and reduce the amount of fuel needed.

A source of soil could be useful in the Strahan region, where much

of the land is surfaced by quartzitic sand. Soil that does exist

is generally thin and acid. Large areas of flat land are avail­

able and rainfall is high. Dredge wastes could be pumped to these

areas.
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Sub-surface Thickness and structure of the Tertiary section in

Macquarie graben deserve measurement. In publications on the

geology of Tasmania the section is assigned a thickness of BOO

feet, but it is not clear when or how this was established. The

figure smacks rather of those solitary observations which are

passed for years from one text to another. No seismic work or

drilling has been undertaken on which such a figure might be based.

Differences in Paleozoic and Precambrian sections abutting north­

ern and southern shores of the Harbour appear to me to indicate

a throw across Harbour faults of several thousand feet at least:

if this proves the case, the graben section may well be thicker

than formerly supposed, and perhaps Mesozoic in part. Such a

section could contain gas or petroleum. The graben lies on a

continental margin and follows a geosynclinal trend first man­

ifested as early as the Cambrian. Oil and gas are recovered from

the Tertiary / pre-Tertiary section in Bass Str~it, about 200

mile northeast of Macquarie Harbour.
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BENEFICIATION

Having established that large quantities of metals

exist in dredgable sediment of Macquarie Harbour, the next task

is to find how they can be removed from such silt fast and econom-

ically. This would involve recovering about 75% of the quantity

of each target metal present in the silt. Wet silt would be ex-

tracted at the rate of approximately 45,000 cubic yards per day.

Costs of the operation should not exceed a total of $1.25 per

cubic yard of wet silt. Two basic steps are envisaged.

First, a rough concentrate comprising say 20% of the total

sediment raised should be formed on board dredges, as extraction

proceeds; about 11 cubic yards of silt would be extracted per

minute by each unit of a 3-dredge operation. Rough concentration

would permit 80% of the sediment raised to be piped directly back

to the bay floor, considerably reducing the quantity to be pumped to

separating plant ashore. Ideally, shipboard concentration should

be effected by gravity or other mechanical means. Chemical meth­

ods are undesirable on board because in general they call for

larger, costlier plant (conditioners, agitators, holding tanks, etc.)

and they increase risks of contaminating surrounding waters. The

rough concentrate should retain approximately 85% of each target

metal. Metal grades in this concentrate would be about 4 1/4 times

grades in raw silt.

In the second step, rough concentrate should be taken ashore,

upgraded further, and its metals extracted. Allowing 5 cents per

cubic yard to cover the cost of raising wet silt, and 20 cents per
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cubic yard of silt to cover costs of producing the rough con­

centrate, the sum available for these subsequent stages of treat­

ment would be $5.00 per cubic yard of rough concentrate. Overall

recovery rates for such stages should be (~; x 100)%, that is,

approximately 87%. Total throughput from 3 dredges would be

about 9,000 cubic yards per day.

The prime goal in meeting these objectives is to find

methods capable of yielding specified recoveries at the process­

ing rates anticipated. The cost goal is perhaps best regarded

as a separate objective. In searching for suitable methods of

concentration, ways of concentrating barren fractions of the silt

should be considered, as well as ways of concentrating pay fract­

ions. Either approach would permit gangue to be separated from

mineralized material.

Responsibility, Tests The Holb group initiated a preliminary

beneficiation test after the close of Phase I. The test was run

by Amdel. At the planning conference in November, 1973, Cities

undertook to assume responsibility for beneficiation studies to

be conducted during Phase II, and decided to award the work to

Hazen Research of Denver. No work had been begun by mid-May, 1974,

so Holb offered to assist and requested that part of the study be

carried out by Colorado School of Mines Research Institute. This

was agreed to.

The Research Institute submitted its initial findings in

a three-page letter report, containing four tables, at 30 May,

on schedule. The Institute was asked to expand the study. It
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Table 17. Heavy liquid concentration; Phase I composite sample*.Separation
, analyses by Amdel.

Fraction wu Analytical method Values in parts per million
eu Pb Zn Co Mo Ag

Float 96.05 AAS 390 48 120 10 8 <.1
Sink 3.95 Semiquant. emmission spec. 2000 200 1000 500 400 5
Bead 100 Calculated from sink/float

values 454 54 155 30 24 <.3

Metal Distribution values in weight per cent
Cu Pb Zn Co Mo A

Float 82 85 74 32 32 <33
Sink 18 15 26 68 68 :>67

*Composite of sample Holb
2.8, 3I,n,33, 3+,35,36,37 ¢
from surface of bay floor
of unspecified weight per
test. separation made in

12. ,13,15,16,17, 18,19, aa, 2!.2.4.2.~,26, 2.7
38
below 10 fathoms. Slime fraction
cent decanted and not included in
liquid of SG 3.8.
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completed labwork a month afterward, again on time. Results

arrived three weeks later in a 25-page report, illustrated by

25 tables. By late July Hazen's findings are still not to hand.

Test results appear in Appendix G and are discussed briefly

below.

7.1 Australia

Amdel testing Microscopy carried out by Holb in Phase I in-

dicated that most of each of the metals present in Macquarie silt

is likely to occur in sulfides and on surfaces of. sulfide grains.

Amdel was commissioned to test the idea by analysing a sulfide

concentrate prepared from a composite sample of Macquarie silt.

It was requested that the concentrate be obtained by floating off

all particles of SG 3.8 or less. Results of this test are given

in Table 17.

Amdel did not include the slime fraction of the composite

in the test and, as the total amount of sample was small, was

not able to analyse metal values in the concentrate by AAS

techniques but only by emission spectroscopy, which is less

accurate. Although these two considerations reduce the degree

of precision which may be attached to the results, the test clearly

•
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upholds the basic contention that metals are significantly con­

centrated in the sulfide fraction of the silt. The test shows

that in a concentrate containing one-twenty sixth the bulk of

the sample, copper, lead and zinc values are increased fourfold

to sixfold, and values of cobalt, molybdenum and silver are in­

creased sixteenfold. The concentrates recovered are estimated

to contain 15% to 26% of the first three elements and an esti­

mated 68% of the latter three.

Probably, this means that the bulk of the sample's silver,

molybdenum and cObalt occur in pyrite, and that pyrite constitutes

about two-thirds the weight of the concentrate. The remaining

third is expected to be composed mainly of magnetite and ilmenite,

which in subsequent tests could be removed magnetically. Copper,

lead and zinc presumably occur partly in sulfides of these metals,

sulfides which should prove to comprise one-seventh to one-fourth

of the concentrate by weight, and partly in lower density fract­

ions of the silt. Copper, lead and zinc of the latter category

should be

adsorped on clays

• in organo-metallic complexes

• in solution

in fine grained sulfide mixed with gangue

Phase I microscopy indicated that some 10% of the silt by

weight is composed of opaque minerals. If two-thirds or 6.7% of

the total sample is pyritic as suggested by observation above,

then pyrite in the concentrate, totalling an estimated 2.7% of

the sample weight, represents about 40% of the sample's total

content of pyrite.
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Mt Lyell flotation Additional information on concentrates

produced from Lyell! Macquarie material is presented in Table 18.

Data on concentrates prepared from mineralized sediment of the

King River delta are based on the assumption that the head samples

used in the three tests averaged 1600 ppm in copper content.

Knowing grades of copper and cobalt in the concentrate, it was

then possible to calculate proportions of concentrate and tail

and to derive tailings grades and percentage recoveries of copper

and cobalt. Flotation figures taken from 1971 mine production

at Mount Lyell are given for comparison in the lower half of the

table.

In summary, flotation tests on delta sediment show that a

concentrate comprising one-thirtieth the weight of the sediment

contains slightly more than one-fifth of its copper and one-third'

of its cobalt. Probably it contains a good deal more than one­

third of the cobalt because the derived head value of 94 ppm Co

is considerably more than the 57 ppm Co value for delta ore

arrived at elsewhere in this report. If the latter value is sub­

stituted for the derived head value, then the fraction of total

cobalt recovered in the concentrate becomes 61%. This cobalt

recovery and the copper recovery cited above correspond closely

to those obtained in the sink fraction of Holb's heavy liquid

separation.

If all cobalt in the concentrate occurs in pyrite and all

pyrite in rohe concentrate is cobaltiferous, then the concentrate

contains about 2% pyrite, or some 40% of the average delta sample's

total content of pyrite.
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Table 18. Mount Lyell flotation

Mate:rial Fraction lit\ Pyrite Copper Cobalt Silver Gold
ppm Wu ppm Wu ppm Wu ppm wu ppm wu

Sediment. ( Head 100 1.600 100 94 100
King R. delta; ( Con 3.3 10,600 22 1,058 37
av.J samples ( Tail 96.7 1,300 78 61 63

Total Ore, Head 100 10,290 100 2 100 0.4 100
1971 mine Con 3.56 256,000 89.19 41 75 5.1 47
production Tail 96.44 802 10.81 0.52 25 0.22 53
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Mines Department testing The metallurgical labs of the

Tasmanian Mines Department have agreed to investigate possibilities

of upgrading Macquarie silt and have been given appropiate samples

and analytical data. As there is no charge for this service it

is run according to the Department's own schedule. So far, no

results have been received from Mines.

A study believed to have been undertaken by the Mines Lab­

oratories succeeded in recovering quite high percentages of finely

divided pyrite from a Precambrian carbonaceous shale exposed at

Port Sorrell. Jennings and Noldart (1967, p. 60) summarize the

research thus:

• The pyrite is mostly very fine grained with much

of it in the size range 2-10 microns. Beneficiation tests

indicate that a concentrate containing about 46% sulfur with

a recovery of 52.5 per cent can be obtained by flotation

methods. For a lower grade concentrate of about 40% sulfur

the recovery would be increased to 65 to 70 per cent."

The ore is said to contain more than 10% sulfur (that is, about

19% pyrite).

7.2 North America

CSMRI report Results of the study arrived too late to be re-

viewed in detail. They may be reported upon later, under separate

cover. Only salient features of the study will be discussed here.

Work was conducted on a composite sample made up of equal

weights of a sample from Site 3 and another from Site 5, two

stations lying short distances away from the King delta. Contents
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of several metals in the composite were determined. Thereafter,

the investigation was confined to a study of the way in which

copper is distributed in the composite material and the way copper

bearing fractions of the sample respond to various beneficiation

techniques.

About half the sample consists of coarse silt and of coarser

material in the sand size range. A third of the sample consists

of very fine silt and of finer grained particles in the clay size

range. Copper is distributed rather evenly between all size

fractions.

CSMRI experimented with six basic methods of upgrading the

ore, four mechanical and two chemical. Five of the methods yielded

concentrates. None of the concentrates meets target specifications.

Flotation and cold acid leaching are the two methods yield-

ing concentrates which come closest to some of the specifications,

but the gap is still considerable, and the methods are unsuitable

in being chemical rather than mechanical.

The Super Panner test gives results of correct proportion

if incorrect scale. If the copper recovery reported in this test

would scale up proportionally upon increasing the percentage of

concentrate produced, the method would yield a rough concentrate

of approximately the dimensions required, thus:

Wt % % Cu recovery

test result 6.4 20.1

scaled up 25 80

The heavy liquid separation was made in liquid of SG 2.98, in

response to Holb's request for a cut in the vicinity of SG 3.0.
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sample weight containing

strengthens the deduction

made from results of Holb's previous heavy liquid separation,

namely that a considerable fraction of the copper occurs in or on

low density material. This well may prove to be the fraction of

the copper extracted by acid leaching.

Neither cyclosizer nor hydrosizer proves able to concentrate

copper bearing fractions of the sediment significantly.

In review, CSMRI results show that

• some of the copper occurs in sulfides and possibly

in other heavy materials

• some of the copper occurs in non sulfide fractions

and in minerals other than heavy minerals

some of the copper occurs in acid-soluble state

This picture of the varied way in which copper is distributed.

in Macquarie sediment endorses the view arrived at from analysis

of Tables 17 and lB. No single method of concentration is likely

to be able to recover all of these various forms of copper. On the

·other hand, a combination of methods, each designed to tap a sep-

arate form of copper occurrence,should permit overall recovery

of target specifications to be realized. An appropriate combination

of methods can be designed as soon the mineralogy of the sediment

and the distribution of the copper throughout component fractions

of the sediment have been unravelled. Such study must include

analysis of water samples held by Cities.

HRI report The investigation is still not complete, according to

Hazen's letter on the subject, consequently there is little to be
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It is worth noting that Hazen finds an average

30% of the samples to be acid soluble, supporting CSMRI's ob-

servation. Hazen reports copper to be distributed evenly through

all size fractions of the sample and finds the bulk of the sample

to be composed of coarse silt and coarser material and of very

fine silt and finer material, again confirming CSMRI's discoveries.

Hazen ran several flotation tests with results similar to those

obtained by CSMRI. Hazen proposes to carry out further flotation

work.

Lakefield Research Inc., Canada Cities has commissioned Lakefield

Research to conduct beneficiation studies. It appears that once

again the emphasis will be on flotation procedures. It is pointed

elsewhere in this report that flotation methods are too slow and

dirty for ship-board use and probably are too expensive. They

may have limited application ashore in later stages of process-

ing, but the prime objective still is development of a method

which will yield a rough concentrate at the dredge head.

Additional flotation tests conducted by Lakefield, Hazen

or any other lab remain a waste of time, effort and money until

we know how the copper is distributed. No refinement of sulfide

flotation will increase copper recoveries if, say, 40% of the

copper is in brine and trapped by organic matter and clays.
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It was intended originally that if Phase II results

were satisfactory, we would proceed direct to a third phase of

investigation in which mining and processing were to be con­

ducted at pilot plant scale (Appendix H). Phase II studies de­

fined ore reserves of sufficient volume and grade to warrant

advancing to Phase III, but not enough work has been done yet in

finding applicable 's'epa'r'atory 'procedures- to allow us to say whether

metals present in the ore reserves can be extracted economically.

It is unwise to proceed to Phase III while this uncertainty exists.

Phase II should be extended as Phase II-A to allow the matter to

be resolved. Some of the tasks scheduled for Phase III may be

transferred to Phase II-A. The program for Phase II-A (Appendix H)

is described below.

8.1 Macquarie program

Agreement An addendum to the existing agreement between Holb

and Cities should be drawn up to cover Phase II-A. It should be

ensured that adequate funds are available for the program. A

sizable fraction of these funds should be available in advance.

The buffer fund agreed to for Phase II but never established

must come into existence at the start of Phase II-A to ensure that

it is not again necessary to sustain operations with Holb funds

while awaiting cash replenishments.

Provision also should be made in the addendum to ensure,

that Cities accept only that part of the Phase II-A program which
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it has time to handle. Once Cities has accepted such respons-

ibilities they should be discharged properly.

It is further essential that in Phase II-A Cities meet

obligations of the Agreement regarding prompt exchange of data.

In Phase II Holb adhered to its side of the program punctiliously

but had considerable difficulty in extracting information from

Cities. This occured in cases of preliminary AAS analyses, pre­

liminary X-ray information, the Hazen report and that of time spent

on the project by Cities. None of these data was contributed

voluntarily, as provided for in the Agreement. Information on

time devoted to the program is needed monthly for inclusion in

reports to Mines. By including Cities' time we meet work com-

mitnlents faster and for lower cash outlay.

Licences To retain licences we are committed to spend an

additional $30,000 to $40,000 by the end of 1974. Thereafter

through Phase II-A, expenditure of approximately $66,000 per half

year will be called for to ensure that we retain the licences.

We must continue to report to Mines each month on progress and

expenditure. Also, quarterly returns are required by Mines.

Another return concerning the licences is submitted to the Common-

wealth Statistician annually. Mines should be advised of the

delay in commencing Phase III and of the Phase II-A program temp-

orarily substituted for it. The licences will require renewal

in December, 1974. Less interesting fractions of the larger,

licence should be relinquished during the current or forthcoming

licence period. This will demonstrate that exploration is pro-

gressing.
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Transfer of title proposed for Phase III had best be post-

poned until a company is formed. No such company is needed until

Phase III begins. Moves toward incorporation of a suitable

vehicle may be initiated in the latter part of the program if

Phase II-A advances successfully.

Backing If results available before Phase II-A is completed

are encouraging, it may be worth beginning a hunt for additional

Australian participation at that time. The larger mining companies

established in the area would be useful allies. E Z Industries

(Electrolytic Zinc) is a prime candidate. It would be politic to

have Mt Lyell or its parent, Goldfields of Australia, as minority

participants at least. Northwest Acids operated jointly by E Z

and Mt Lyell is another possible venturer, and one which perhaps

could use any surplus pyrite ever produced from Macquarie Harbour.

Cleveland Tin, another local group, would qualify because of its

Australian ownership (Aberfoyle) and perhaps because of its

expertise in recovering fine grained copper sulfides. Imperial

Chemical Industries (Australia), Colonial Sugar Refiners and other

Australian companies producing chemicals comprise an additional

collection of potential partners.

Fieldwork Bulk samples of mineralized sediment from Macquarie

Harbour are needed for further processing studies.

Pore water of the mineralized sediments and bay water both
,

above and below seven fathoms all require sampling.

Possibly, limited sampling of submerged and exposed sand

deposits at Macquarie Harbour may be undertaken.
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Some bathymetry is required in the northern part of the

Harbour.

Chemistry, Mineralogy Standard silicate analyses of Harbour
•

sediment and mineralized silt are needed, together with AAS analyses

of the various categories of water to be collected. Cursory in-

formation is required on the distribution of Se, Ge, Te, Hg and Cl

in Harbour materials. More data are needed regarding contents of

U, Ag, AU, W, Ti and Li in these materials.

Requirements in the mineralogical field cannot be determined

until the Amdel study, commissioned recently, has been completed

and examined. The occurence of any undissolved uranium which

might be found in Harbour sediments is a likely subject for such

investigation.
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Studies in this field constitute the most

important part of Phase II-A.

It is recommended that numerous independent investigations

of the problem be initiated. Some should be conducted by Amdel,

the Tasmanian Mines Department and other groups oriented toward

research and consulting. Additional studies should be made by

manufacturers of separatory equipm~nt, and by chemical companies

making frothers, depressants, scavengers, flocculants, activators,

acids, heavy media, ion exchange resins and other products used

in mineral processing and similar activities. Such manufacturers

have a direct interest in any operation potentially capable of

using large quantities of plant or chemical they supply, and con-

sequently will often undertake investigations of the kind needed

with greater speed and purpose and at lower cost than most con-

sultants will. Also, a producer of cyclones, flotants, or sim-

ilar items. generally has a better idea of their capabilities and

of the state of the relevant art than consultants do.

Some overlap and duplication is desirable in commissioning

processing studies, particularly in early stages of the enquiry

before possibilities have been narrowed to the more promising

methods and investigators.

Attention should be focussed not only upon ore dressing and

mineral recovery procedures, but also upon technology perhaps

available in other sectors of industry, especially in sectors

concerned with handling large volumes of fine grained material

such as ash, coal dust, clay, flour, carbon black, fertilizer.

Industries treating slurries, sludge, industrial waste and

III
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materials from which trace quantities of impurity require to be

removed are another class worth examining. Densely populated,

highly industrialized countries lacking extensive mineral re­

sources, for example Japan and West Germany, are likely to have

the best developed technologies for treating either wastes or

low grade ores.

Data should be gathered on techniques used for economic

recovery of very finely divided mineral particles, for instance,

the gold extracted at Carlin, Nevada, or copper and tin recovered

at Mount Cleveland, Tasmania.

in considering treatment processes for Macquarie ore it is

wise to aim initially for fairly high recovery rates. At the

same time, it should be borne in mind that with a large volume

of ore capable of being extracted at unusually low cost, consider­

ably lower recoveries could well prove economically attractive.

An alternative is to restrict interest to relatively high grade

fractions of the deposit. Apart from the grade gain involved,

these fractions are coarser grained than lower grade material

and should prove easier and thus less expensive to treat.

Beneficiation studies should include an examination of

the methods and economics of recovering valuable elements from

the inferred brine.

Site, dredge and plant investigations Phase III was to have

included preliminary design and cost studies concerning dredges

and processing plant. Also, a plant site was to have been sel­

ected. If results of beneficiation tests are encouraging these

activities should be begun in Phase II-A.
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Cities has requested that Phase II be

extended "by eighteen months to allow the search for acceptable

ways of recovering metals from Macquarie silt to be concluded.

Such a program should run in six-monthly periods, corresponding

to licencing periods, thus:

Phase II-A

II-B

II-C

29 June to 28 December, 1974

29 December to 28 June, 1975

29 June to 28 December, 1975

If successful recovery methods can be perfected in Phase II-A

or II-B, the sUbsequent phase or phases would be replaced by Phase III.

We obtained licence renewals covering the period of Phase II-A

from the Mines Department for a commitment of $66,000. It would

be difficult to secure further renewals at substantially lower

rates, thus the total sum earmar~ed for a full eighteen months'

work should be approximately $200,000. Quite apart from this con-

sideration, it would be unrealistic to suppose that one could

obtain a new process for much less than this. Several million

dollars were spent in cracking the problem of gold recovery at

Carlin for example.

A likely schedule for Phase II-A is presented below, with

budget. Similar details for Phases II-B and II-C will be devised

later, if extensions prove necessary.

II-A schedule:

July

August

September

Plan. Fund. Modify Agreement.
,

Initiate bench testing. Modify proposal to Mines.

Bulk and water sampling, Tasmania. Bench testing.
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November

December
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Assaying. Commission bulk tests.

Bulk tests. Obtain report.

Review progress. Renew licence. Select

Phase III or II-B,or stop.

II-A budget:

Fees, internal

Travel

Office

Equipment

Services

Contingencies

Total

US $ 18,000

10,000

1,000

2,000

25,000

10,000

66,000 *

* excluding time and services contributed by Cities.

8.2 Other areas

A quick reconnaissance should be made of the most likely

targets of Macquarie type existing elsewhere. They might prove

to contain coarser sulfide than the Macquarie deposit or to be

more mineralized.

Regions of the world probably containing concentrations of

such deposits have been outlined by Harvey (1968). British

Columbia, Alaska, Mexico, Norway, Iceland and Spitzbergen contain

many of the more promising areas. Targets of maximum potential

may be selected by comparing merits of individual areas within

these regions.

It will be difficult to develop beneficiation techniques
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for Macquarie ore without alerting other groups to the potential-

ities of deposits of this class, therefore it is important to

examine other areas which may contain such deposits soon. We

should attempt to sample several areas in at least two of the

regions during the next six months. These surveys would run

along lines of the Macquarie Phase I study/which required a

fortnight's fieldwork and several months' additional time for

preparation, assaying, data review and reporting. At the moment,

British Columbia and Norway are the two regions which appear to

offer the best prospects of a strike.
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BOLB PARTICIPANTS

S.a.H. Harvey South African consultant. Previously Chief Geologist, Ocean
Mining group of companies of Anglo American Corporation/Charter Consolidated,
Alcoa and du Pont de Nemours. Senior Geologist, Rio Tinto, Africa. Govern­
ment Geologist, British Colonial Service. TWenty years' field experience:
Fiji, New Zealand, Austrlia, Philippines, Thailand, Malaya, Indonesia,
Rhodesia, South West Africa, Venezuela, Colombia, Dominican Republic, Trini­
dad, United States. Regional mapping; underwater investigations; lease acquisi­
tion; funding, design and direction of exploration programmes. Specific
studies on oil and gas, diamonds, emerald, industrial minerals and rocks,
radioactive substances, beach sands, bauxite, manganese, iron, chromium,
gold, platinum, copper, lead. zinc.

Overseas Natural Resources Company was established recently with offices in
Western Australia and the eastern United States by Australian and American
business interests to acquire and develop~neral properties throughout the
Commonwealth and to market Australian oreS overseas. There are five Aus­
tralian directors: Mr. Barry Court, presirlent of the Perth branch; Mr.
Kenneth Court, a partner in the broking firm of Carmichael and Co., Perth;
Mr. Victor Court, of the chartered accounting group Hendry, Rae and Court;
Mr. Gerald Green of Toorah, Victoria, until his retirement in 1910 General
Manager, Australasia, for the Swedish company Electrolux; Dr. G. W. Taylor,
an Australian engineer resident in the United States. The two US directors
are Mr. Julian Spector, one of the co-fo~nders of Vernitron, a $43 million/
year electronics concern listed on the American Exchange, and Dr. laiah
Lefkowitz, a physicist, who with Dr. Taylor edits the international period­
ical Ferroelectrics.

a.p. Lucas US consultant. Formerly Manager of Operations and Administra­
tion, IRG Inc., New York, natural resources development group; Vice Presi­
dent, Dana Construction Company; Partner, Lucas-Voukovitch, engineers and
geologists, Denver. Project Manager, Geophoto Services, Colorado. Recent
studies: laterite soils research, Thailand; non-metallic minerals survey,
Ecuador; Rio Cito phosphates evaluation, Venezuela; planning and urban
studies, Colombia; pampas drainage scheme, Argentina; rural cadaster, Hon­
duras; petroleum resources survey, Panama; agricultural economics, Sumatra;
groundwater resources, Ethopia; hydroelectric site studies, Greece; geo­
thermal power sources, Turkey; groundwater resources, Jordan. Corporate
natural resources development investigations on behalf of ITT, Westvaco,
IBM, Cerro, Toyomenka, etc.

E.G. Brady US investor, New York. Background On Wall Street and in other
sectors of American commerce.
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lrl:'"t~--R.dining installations at company's K'lOhsiung rcrinery indmlo six.
Corring unitt; with {ot'll cruJc throughput cO\padty (if D8.000 b<lrtct!l. daily: two
rC!(1fmin,g units; catal),tic cr:lcking unit: thn:c hyllro.l.lc:iulfurizati'ln units; a
120,000 metric ((lOS r(~r year aSflll.lll pl"lIlt and an _"'kyf'llion unit. Other facilities
of ahe relinery include i:\ !'>uifur unit, n sulfuric .,cid unit, a propylene polymer unit
Mc:ro.'" treating llnit!',., 2:'50 metric Ion per dily cnking unit. A naphtha cracking unit
which will supply 120 m!llll~n pounds of clhyknc Ol.nnua[f}',was ~lut on stream early
1968. Throughput c;lpaclly mcrcascJ to 220.000 ,barrels dally in 1972.

A lubricant pbnt of China (hllr Oil COlJ1j)uny Wn!' erected on Kaohsiung Oil
Refinery Compoun~ under jlJiat inveslment or Gulf Oil Corporation and Chineso
Petroleum Corporatton to manufacture ami market lubricating oils in the Far cast.
The plant went on stre~ml in J1)65; c:lpacily incrca~d from (00 to 2,200 barrels daily
in 1971,

Capieal-NT S4,800,OOO (US, SI20,(XXl,OOO) in NT S1,000 sh.res.

CIlULLO nnos. SALES COIlP. (273)
(lilcofl'0mtrd 1932 in New York.)

Olli{,*"n_
1'Il. W. Cirillo 'Illd W. J. Cirillo. S,n/or JlIn-rr,.std,nU.

I'. J. Cirili,). ri<,.·I'"Ji,/..",.
T"I",".tioltlloll.i~i~itl"-H.Auld, l'/H'·Prrlf,I",t.

Officfll-I040 tUH 14\11h Sll~t!, lIrllru, New Ynrk, N.Y. l045~, U.S.A.
Cllhl~s; Rt:J\ T('lex Net. 2.N}1 z; rtT Tcle. "'21401. Phone: TA·4·5000.

. 8uslhr~'J-Markclcrs of petroleum products; deep waler terminals in tho
Bronx, New York, ami Albany. New York; barge lenninals,Dronx, N.Y., MI.
Vernon. N.Y. and Brooklyn, N.Y.

Capllal-Sl,OOO,Ono. 10 share, or SIOO e.ch; .11 j"ued and fully paid.
Accounls-lssued to ~h:treholders ol1ly.

CIT-CON OIL COnpOIlAl'lON (274)
(ln~orf'orau:d May 27. 1947" in DelaK'ar~. U.S.A.)

Oi.f'ctool'l-·S. 0. Hrcilwci~cr.l'rtJl.Jf'n'. W, T. CraY~Q' JlilV-p,~,IJ"f',
\11. H. IIlIrn;Ip. VICf'-Pr~,li./f'nI '

O. Crollch. D. 1'. f\..h;('1l11. . J. S. Drtndlcr~

W. L. WIIU..er.
PI..nt M,u,.r,I't-·!.. 1>. Gnlbh.

N." Ynr" Olfll_l0, PineStrect, Nil". York,', N.Y. U.S.A.
S""h'~.~)'.Trtl",urtrenJ 111''''-' (Hlit'c-C L, WoItkln" (lh.lt IHSl, {..'llo.c ChlUlc~, wui"iilnlu, U.S.A,

11115 cOnll?anr, owned 6~ per cent-by Cilies Service Co., and 35 per cent. by
Conttnental 011 Co., ha~ bUIlt a plant for production of solvent relined oils nnd
W;'JJC products lit L~11ie Ch..1rles, Lnu~.'ijan3, U.S.A. ~npadty IJ,OOO bands daily.
Tank farm compClses 161 tank~ ,,",'Ith a capacity of 2.395.500 barrels. Selected
reduced cCll(le 011 supplied frnm the: light oil rcfll1cric,", of Cities Sen'icc and Con­
lill"nl;l~ Oil and fillishl'tJ oil bknding b'tflds dcJh'CfCd to pnrcnt comJ'l:lni~s fot
blcnJing. The plantcommenc:cJ oreralions in September. 1949. A new wa.'( blcndini
plant was completed early in 1965.

Produrtirm-During 19CJ9, ~.404.00n baJrr,~·ls lubric,'lting oils and 59,000 Ions
petroleum wax~~: 1970, 3.300,000 halTcl~ lubo oil, S9,OOO tons petroleum wax.

Capltal-SlO,OOO,OOO. in 100,000 share. of SIOO p.r valuo; 30,000 .h.r.. arc
~~d, JO,SOO hold by ('nnlinenl.1 Oil Co, (I)el.witro) and 19.m by Cillo. Service

'"
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of Ilt:troreuill and nattfr,ll g;tS, n;tlur:Jl gas transrni.'isjon, carbon black, pclrrn:hcmicals.
pla5tk's, cOI'll~r and corpcr prodllClS.

An inlcgratcd oil business cngi1ping in acquisition and dc\'clopll\Cllt l,r pro...
sf1cctive an': provcd oil ;lIld 1;;15 blllls; !he production, purchase. twn~p(lrtlltion
aud s;\le of t'CuJe oil and n;\tural [!:\s liquid~~ llic renninI', of crude oil; the pnhlllction l

.. pun:ha';e, pru'L·f>sing :md s,,!c at wholcsal~ or nawral g:1S; 3!ld th~. mal111f;\CI,Ure,
Inmspllf(3li0f,' :md SJ:c ~f rctr(lJc~JJn. proih.lcts tlnd ~tnX"hemlc",ls. I he Opl.:n:~uons
or Cities Service arc earned on pnnclpally In the Unll~d Stales, Canada and South
Amcric<l acd to a lkgrcc in Euwp~ anli Central America. Foreign acnVilks arc
bo:ing c{l/'lduClcd;11 Argentina, Australia. Belgium. Brazil, Colo!TIbia, \Y~st ~Jcrm;my.
Great Ufi1ain, rrancc. Hol1'l1ld, Indoncsiil, Ha;ly, Jaran, MexIco, PhIlippines, Iran,
South Africa, New Guinea, Cameroon, Somalia.

Plincip.ll sul>,;idj.)ric~; Cilics Serv!CC. Oil Company (I~trolcun~),. C.ities. S~rvic~
Gas Comp:\ny (natuT<ll gas lCansllllsslon). Other major SubSIdiaries InduJ~.
Cities SCI\'ic~ CrYl)~cnks Inc. (helium), Cities Service Tl.lnkers Corporation (lankers),
Ciri('.~ Servjc~ RC"OIity Inc. (rt::al estalc), Cilic§ Service Re~arch and Development
Company (rescnrch).

At December 31, 197:, the company held 8,528,000 net ncrc'i domc~lic and
27,8.'5.000 fll'l ;lcrcs abroao.

COllll1nny con~rol" a .number of ~iI ~nd g~'Ij. producinfl:., 1ran~porting, rcfh~iog ~~d
mtl.rkcling cnml'ill\llOS, c111Cl1y ol'crallng HI U.S.A. <?I1C ~chller>, IS opcl"alcd wll.11 .,.b!ly
cap.1dly of 240,lXIO IlMrcls of crudc oil; lank car~, rIPch.nc~arc n\~ncti by su~)sld.lancs
nod nSS(lCi;lh..J companies. cnnll;.,"Cting the Jlr(ldUCIO~ OJI lie Ids wtth the rc!mcrlcs of
the company. ami also connccting these oil iicld~ with lhe pipelines of other eO,m·
p;mic5 <Jnti i1 fll.ocl of 14 ocean-r.oing tankers, owncd and under chartcr, lotathng
625325 d.w. lOllS, through Cities S~rvice Tunkcrs Corrn.

, All domestic ('In operalions arc principally concenlrated in Cities Service Oil
Company (wholly OWl1l:o). This company cn~3gcs in all. Jlh~scs o~ the petroleum
bus.iness. Owns oil and natural ~as produclllg properties In Umted SUites and
(through a wholly owned ~l1bsilliary) .....estern Canalla ~ refinery locatcd at Lake
Charlcs, l.ouisiana~ (East Chicago, Indiana, rclincry dos-eli cn~-1972). 76 natural
gasoline pl,lIlls in .whole or in pan. Markets pc:tl"oleurn.r1r~,duCl~10 29 staJc.~ around
the Great L~kcs. 10 the Soulh and along to the AtlantiC &~tboard.

Cities Service Pipe Line Co. gathers and transports crude oil principally in
Kam.as., Oklahoma and Texas. Cilics Scrvic.: also owns J].9.'~% i!l'c~est in Colo~ial
Pipeline Co. and varying interests in other comm~m carner p,~dmc 'OJllpanl~s.

Cities Scr'o'icc Exporl Inc" wholly owned. carnes on n1arkctlOg opcnilions In
various parIs of the world, principally in \VL·scern Europe.

Cities Service hollis 25 pcr cent. intercst in the CAGe groul" or companies
engaf;cd in exploring for noll prollucing oil nnd gas in the Gulf or Mexic.o. •

Cities Service Ga, Co. purchases, transports and sells nnturaJ gas m tho mId­
Continent area., prill.:ip;tlly in the slates. of Kansas, Mis.",ouri. Nebraska. Oklahoma
and TeX3S alonr, its 8.l00~milc interstate .g:~s tr:msmission system; also operates
intrastate natural ens IrOiMmisSoion subsidiary within Ko1nsOlS.

Cnnal1a.Citics Service Ltu. (wholly owned) produces ~rudc oil and natural gas
piincjl~al1Y in .....'cstern Canada.

Cities S.:rvice Ims. a 30 per cent. interest in Syncruda Canada Ltd.,· formed to
develop crude oil fro~ the AthabJsca oi! ~~nds or northern A~b~rta. S~nc:ruJe has
beef!. ~rant~d ~'crllli"~lon to (;onstruct faCIlities lO produce 125,dOO barrels a day of
5ynlhclic crude conuw.. ncing in 1976. .

Citie' Service: Company hold~ 65. per cr:::n~. ,?f t~a o~ulslandUlg ,hll.ro
capital of Cit.Con Oil Corpn. (q.v,) {'rerilling a lubnco."\tmg 011 rennery, rated capa·
city lO,OUO barrels daily, at Lako Charl~s, L('u.isI3na. ,. •

Cities ~r"ic~ has 16% interest In SO":lctc Car~()Chlnllq~le .~.A., a Belgian
company ~ng;igl:d in production an.d markc~.ing of n!trogcm k,!lh.zl.":rs.. C~jk~ and
chemicals, Olnd a 28 p~r cent. interest m Cakaslcu Chemical Corpo.. <J.llOn whIch owns
an ethytene g1ycot plan!. . .. . .

In Co\onibia. whoHy owned Colombia C,ucs Servlcc Petroleum C;0rp. h?lds
2S ~r cent. intcr~'it in a concession at EI Carare in the r.-,fagdalena RJVe: Va.ley.
CiuClo S.:rvl~ is oop<:rotor in the Corazon-?ayoa pfoducmg area. In the pa.yoa
601<1 " Il'l",lono plant bas »oCn pl.ce<1 in operalion wilh a capaoily to pr0<cs5
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C1TII-:S SliKVICI~ COr-oll'ANY-,<,onlinll('d
$JJ8.50n,OOO, deferred Federal income tax•• 551,200,000. minority int.re.t. In
subsidiaries $7,300,000. C'lpitnt surr1m; $81,200,000.

Common Mock i!li.listed on N~wYork. Boston, Midwest nnd Toronto Ex.ehan~es
and i. quoted on olherc.-:ch.1ngcs. Dc:dingJ are-allowed on tho London Stock
Exchange under Rul~ 163 (I) (e). ~bcnturc.s listeLi on New York Stock Exchange.
Prices (common $lock), highesl ",,,t I"wesl, (New York) 1968: 584i, 543j; 1969:
580. S39/: 1970: S5J>j, 5.14; 1971: S491, 5.\9/.

CLARK OIL & REFINING COIU'ORATION (276)
(In~orporu(r!J July 12. 19.14, as Clark StlP~' Cns Co. Inc,. in WiJconsln, U.S.A.:

.1141114 chanl~d 10 Peleo Corp. July I. 1946. one/lo pr~unl Ii/Ie in A/arch, 1954.)
on,uu-

Oaai,man..{ Chi,·r F:lI:t'('Uli'(I OffiCl'r-- r.. T, Clark.
Pruid...nt.......Q. L; Ilili. EIi~,·uli,,(1 Vk('-l'rl'~idt"lIt-c;.W. JlIndno;ek.

Ch.infl:oa 01 Elrt"culi"l' COlllmiUl.'t'-l. II. Dawes.
Vklt·PIO."~itlClll.-G.Willi~, ("rmtr Vi/.,'/If'ph· lind Trtl/Uf'lltlalfOlI,

K. J, [';II mer. li..f,,11 Markl'lhIK, G. S. Jhtri ... N.("Jim~rY .'jal,..,.
: 1". J. Shtedy, /Olmud"r/ur;II/l. G. T, WlHlllle~,S"('rl'/,,,)' .«. G;m('rlllC:ouru~'.
J. W. Skell)', b'.-.:pl,t,,,'I'1If &; /',,,,llIrlln,,, R, n.. C1'lfl.. /'.....1'1('1 SU1'l")I &: I>b,dlmtlon.

W, J. Lllh;u.lie. Admi,ri,I/,.tI/;ml,
N; O. T<tlooll• .'1,]I'..YJL,irlK amll'ul,/if: Rt"l,uiuHS.

J, A. IJr'l~s I'uwnco?~ rrNltflt,.,.
Conlrulll·I--C. 0, Arl:hih:tlol.

Dirt'clnn-J. Crkhlon, K. J. P;llmer. P, A. Trcihcr, E. T. Clark.
J. n. o ... \,..c~. O. L. Ilill. M, F. Snyder. G. W. Jand;l(..'ek. O. T. Wormley.

C.lltr.t omen·· R'HO.We~l National Avenue, Milwau1clXl. Wis('o"dl'l ')211. U.S.A,
Cabl.:s: l:rK-Milw'lul;ee, l'!tollc: (414) 321·5100.

R.fi• .,I".....;.lllsl .ndK~d(ic Avcnllc. lillie hlllllJ. Chklll,tf'J. 1I1illoi~ (,0406; Norlh Sidc HaWlhoflMl
. SUCCI, W~lod Rivcr, flauronl, Jllinoi, <i2(14H.

Business-Oil and gas c~plo'3tion: rcliners and marketers of petroleum pro­
ducts. Explomtion anddevclopmcl\t facilities in the Rocky Mountains, Ala~ka.
Louis.iana, Texas. New Mex.ico. The company is participating in exploration in
Canada. prim.:ipally in the Arclic Islimds and Saskatchewan. '

Through jls r.lrlicip,ati<>n in the SCAAND gcoup of companies, wholly owned
Clark Oil Producing Co. holds interests avemging 16i% in nine traelS totalling
45.541 acres offshore Louisiana in the Gulf of Mexico,

A 2S per Cent. working interest is hcfd in a concession covering approximately
231,000 acres in Brunei, NorlhBorllCo; teSI drilling perfQrmed in 1969,

The company owns a reOnery in Chicag.o, lllinoi!l, throughput capiJ.city 70.00()
b~lrrels daily. ~nd adjacent petrochemical plant, and a refinery at Wood River,
Illinois. Capacity 37.000 barrels daily.

Wholly oWlled C1,,,k Chemical Corp. (formerly Colab Resin Corp.) ope",tes
Clark's pcll'ochcmic:ll and resin business.

In 1967, Clark joined with another cOfl1op3ny to form Soulhcap Pipe Line'
Company which _has 211.tl2 %inccrcstln the Cilplinc 6.l0-milcs 4()"im:h di.lnlCICr crude
oil pipe-line extending fWnl the Lnuisiana Gulf CO:.lst :J.rca to Patoka, lIIinois.
Clark <llso has 33.2 per cent. interest in Chicnp Pipe Line Company. formed in
1967 to own "oJ op.:r;Hc it 20.5 mile.... 2(j·incll di;:lmclcrcrudc pipeline built fJOm the
Patoka terminal to Mokena, Illinois. A 33Xl% interest is held in Capwood. a
'pur extending 50 miles from Patoli.rl to \Voou River. Illinois, al!io 11 per cent. in
Wolverine Pipe Line Co. nnd 8 per cent. jn.West Shore Pipeline.

Net l'roduction-Crudo oil and condensate. harrels, 1970, 1,129,000: 1971,
906.000; n'lural gas, mof. 1970,2.930,267; 1971,3,381,472.

Crddc OU Processed-barrels-·1970, 34,761.000; 1971, 32,656.()()().
Cu.pital-AuLhoriscd: SIO,OOO,Ooo, in common shares of SI each; 7.120,432

shares ~..sucd and fully p;liJ ar December 311971. including 2,173 held in treasury.
""u.thor;\cd capital increased from $2,000,000 in March, 1966, and outstanding a(ock
Irht on • l~'o·ror-onc b.liis. St.xk split two-for-one Nov. 1968.

I.~~-arl)' in 1968, Clark acquifcd Colab Resin Corporation, Tewksbury, Mass., in
CU'W0e<: fv' 32,258 .har", of Clark Oil.

111C\"hll J..n. 31 i969, Clarl.:: purchased the fixed assets and Inventories of
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so million cubic feet or gas nnd recover 2,000 harrell; or gas hQUJd5 <fa,Uy. ewes
Sec\o'kc's ncloill'lfOlhlctioll in Colonloiil in 1911 avcmgeJ 1.7no bands dally.

Cities Service hoMs 25 per (:~nt. interes! in .Pctroquil'!'icn ArStcn\i~:'1 ~.A. whl~h
opcr:.tlcl; a pclrochclllic:ll piolu nCi.lr [{nsano. In Ar~cn(lna~ and ?O v. mtcrcSI m
Cia. Pctroquilllka llrasilcinl. T'mdllCCr or c.ubon black ..'te. til 11(;'1111. .

Wholly owned Argentina-Cities Service I)cvelopnlcnl Company conhnuC$ to
opernl~ tl,e producing properties in Argcntil~a covered, hy a cl~,,'~I(lpmcntcon.'rac.,
in whil."h Cilic~ Service holJ~ 63} per Cent. II1tcrcst, wIth YacI01lcntos.l)ctrohfcros
Fi~c'lk:s (Ar~cnlirtc) in rcSrl"C( of 11R,OOO acres near Mcndoz.a.. ProductIOn avcr~l.gcd
4S,600 han'cls fler day in 197 (. Citic:\ Ser"ice. ~:\ Opcr.:lwr f,,?r .two gmup.... acq~urcd
two cXI,lnraliun perll1its. Ramhloncs and BermeJo. on 1.75 million acres In the North
Mendola urea during Il)m; Cities Service inlercst 25~";.

OvcrSC,lS pclrolclll\1. exploration aClivitie'i [Irc being conduC"tctJ o!T.~horc. Jn~o­
nc,lii.l, the U,K .•LIllI Olltelt sectors of thc North sea, ofTshore and onshorc Colombia,
New Guinea and ~onmlia.

Citic!\ Scrvke h61ds a 25 per eenC. inCerest in che Sign,,' on grOtlp which holds
7 block~ in thc U.K. portion or !he North Sc.t. Als.o holds ~me-~cvcnt~ of thc;SO
per cent. int(',rcst held by a group In an 875 sqllilrc nulc block to lhe Iranian portion
of the TJcrsian Gulf (sce (r:lnian Orrshore Petro/eurn Ca.). .

f'\d I'rv<\ucliOll -, (inclu\.iin~ rny:tlties recei"ed)--,n;lrrc1~ dally (U.S.A.) 1970.
l"19.9iXl; 1971. 1:0,400; (Can,u_la) 1970, 9,2{)O; 19,7 J••9,4{)() (inICrn:llio~al, ~ltcluding •
Argenline) 1970,2,100: 1971, 1,7<10, Na,"ral g"s liqUIds, 1970, 8J,400, 1971,87.100,

Nutural (;:l'i Ul\uhl!>-··batrels dally, nct-1970, 83,400: 1971.87.100.
Nalunll (;~lS Prculuelion--MCF d.\ily, nct--1970, 1.036,100: 1971, 1,053,400.,
Nd well .. producing at Dec. 31 1971, 5,562 oil, ~,262 ~\S.

• Uclincrv Runs-c-U'lrre1s daily-1969. 254,000 (mdlUllng 26.000 processcd (or
olhers); 19io, 278,000 (J 1,(100): 1971, 286,OlIO (J 1,(00).

C~IDil:lt--Alilhori~cll: 2.5 million shMes of preferred ,'5-1ock and 40,000.000
sharc'\. cOl1lmon ~tock $5 par value. Is~ued at Dec. 31 1971 26.232.S37 shares com..
mon slod.. , inc!uuing 619,\26 slH'II'cs held in trca:<>ury.

Common swd split on a Cwo-foNmc b;I~i.\ in September, 1965" ami par ~'a.lue
reduced from $10 to S.s per 5hare. In Oct. 1969, lhe company oleqUlred 3.6 nlllho.n
share.. of it:i C01Hlll('1O SIOJ.:h; through an exchange oIT!.;:r 10 stockhol~efs fo.r AtlantiC
Richfield stock to(illling J.8 miJlhm shares. In Nov. 1971. a further 2.4 m!lllo~ 5h~res
of common stock Teceivcdin cXI.:hangc for 1.7 million. !>hmcs At1~tn~IC R\l;hl:eld
stock' common stock IIHis rc.;civcd W;IS subsequently rctlr~d. OutsHllld:ng preferred
and p'rcfl·r..:nce sharc.:... called fM n:dCOlPlion ,N.ov. 1970, UnlsMled sh:tr.:s of prcf:rrcd
and prcfen:ncc stock eliminated and 2.5 1111111O~ sh,~rcs o~ a new c.::las~ of pref~rred
Itock aUlhorised Fcb. 1972. For flrcviousalteratlOns an c"I'lt~I, see prcl'Iolls l'O/S,

Long: Tum I>t"bt due aftcr 1912-
Slx-anll.onc.dg,llth per n'nf. n,·hcnturcs. due 1978 to 1997-5100.000,000.
Tlm'l.! 'Per ('t.'nt. Sillkin~ Funt11khct\lur('s lIue 1917 S39,300,OOO. .
Six.;H1d.th'C'-t'ightb lK'r ("('"Jlt. ndwntures. due I-)Xa to 1999-·$100,000,000

issued Au~~, 1969 \"ilh Wl\rrant:,; (expiring Sept. 1 1972) attached for purchase or
soo,oon !\h:lrcs of Atlantic Rkhlidd comnlon ~tock at $110 per sh.ne.

~oh'~: $5I,700,t100 at 4} ~(. tu 7 ~;;,. d~~c 1973 to t978.
7.65~~ Dehenlurcs, due 1982 to 20tH--SlOo.ono.ooo.
Lnn~~Tcrm l)('ht of Su!lsidi,\ry Comp:mic-s-SI85.100,OOO.
Ohfdtnd, (Comman Stock-per 'Mn-ca,b ~i~ldend, paid qunrtrrly)-Fo:

195(, In 11)58 ($10 shs,) $2.40 and 2 per cent. stock ,hVldcl\J each year: 1959. $.2.40,
1960, $2.40: 1%1, $2.40; 1962. $2/<): 196J, $2.60; 19M., S2.I,5: 196~ ladJ. ro~
2.f"r-1 s,,,ck spii,) 51.421; 19661S5 shs.) S1.6~1: 1967, Sl.80; 1968. 52, 1969. S2,
19711 52.20' 1971, $2.20; \972, 55 eenls March, June. .

A('coun'ts.-For year ended Dec. 3t 1971. sl1bmillcd Aflrit 25 1972. cot\SO}lda~ed
net inc~lITlc $1O-t,500,OOO after providing $17.s00.(~)O. f~)r Fc~c.!"al and orel~n
incomc lax. O1nJ $1 to,l00,OOO for J~rklion ilnd d...nrcelatlon: ~li~ldlo':nJs tlbsO~~t~
S61.600.000: earned suq"llus cawed forward $1.177.900.009, eur~~nt D..
$<1050-0000 Atlantic Richfield Co.comm.on Slock (sold In 197..) at cost
'Sl',800,(X';() (mark.ct value. ~1"!O,OOO,OOO). securities or an~. n.dva~~;l1~1~
cOI\Sl,liJal~J forclgn subsJd,anc~ S10,800.000. olherOO,eculOnucs 3 t r::.bilitid
$3l.800,OOO. accounts and notes rcceiv3bl~ $24,3 ,ex : curren t
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the rate of one knot, but a small proportion are stronger, with rates of
between one and 2 knots. -These stronger currents may also set in any
direction, including westedy ones. In the ref!ion of Bass strait and the
coast of \-ictoria currents exceeding 2 knots arerare; elsewhere, in the open

5 ocean, no currents exceeding 2 knots have been recorded, in any direction.
Cape Northumberland to Cape Otway and Bass strait.-There is a

resultant flow of ' ....ater in easterly directions off the coast betw"een Cape
Northumberland and Cape Otway and through Bass strait. This part of
the Southern Ocean current, between the coast and 40' S., is Just as

10 variable as that in the open oceanJ described above, so that currents in any
direction mal' be experiencfd. On an average throughout the year,
excluding the small proportion of the total number of currents observed
which set due north or south, out -of every five currents three have an
easterly component and two a westerly component. The maximum ra.te

15 of current, in any direction. is usually about Ii knots, but a few currents
reaching or exceeding.? knots have been reported. A considerable pro­
portion of weak currents, with rates of less than one-quarter of a knot,
occur throughout the year.

Sets with a component onto the Australian shore are frequent through-
20 out the "ear in this region. These currents sometimes exceed one knot.

Vessels "making the land about Cape Otway during a continuance of
strong westerly winds should be prepared for a southerly set, though some..
times in these circumstances the current is found to set towards the land..

l\lany wrecks have occul'redon the west coast of King island, see
25 page 62. With strong or continued westerly winds the resultant of the

current and the east-going tidal stream may produce a south-easterly
onshore set with rates up to about 2} knots. .

Tasm,ania.-In the bight of the northern coast of TasmanIa, between
Circular head (40' 46' S., 145' 18' E.) and Cape Portland, the current

30 is said to set almost constantly eastward during the greater part of the
year. Ko current obsen'ations areavaibble on the. western coast of
Tasmania, except a few near its southern part. The currents probably
set in accord:l.nce with the wind for most of the time, but when westerly
winds are stro:1g or long~continu~d the resulting easterly or south·

35 easterlv. currents \\"iIi tend to pile water agair.~t the w~stcm coast of
Tasmania, resulting in a southerly flow of current along the coast.

Relative}\" few obsen·ations are available off the eastern coast of Tas.­
mania but °the general tendency is for north-easterly sets. o.ccasionally,
especially in late winter or spring, however, the east-gomg current

40 emcrginfl' from the Bass Str:tit may give south.cflsterly or southerly sets
aleno th~ northern part of the eastern coast of the island.
~t AusrraJian Coast current.-The East Australian current sets

southward throughout the year along the southern coast of Queensland
and the coast of i\ew South Wales to the vicinity of Cape Howe (37"

45 30' S., 149' 59' E.). The part of this current contained in the region
covered bv the present volume is less strong and constant than the more
northern part, which is described in Australia Pilot, Yo]' III. This i.
due to water branching off from the seav,'ard side of the current between
320 S., and 34() So, turning south-eastv..ard and passing into the open ocean.

50 Currents setting in any direction, including northerly ones in opposition
to the main flow, rnav be experienced in the region of the East Australian
Coast current between 34° S., and Cape Howe. Currents\vithanonshore
component therefore frequently occur. and some of these set directly
onshore. The period of gre3.test constancy of the south-going current is

55 from December to February, when about half the currents observed set
in directions between south-west and south-south-east inclusive. During

•,
l
i
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CILo\.PTER VIII

TASMANIA-WESTERl'! COASt'

Cha,t 1079. • .
WESTERN COAST OF TASMA."UA.-General remarks.-The

western coast of Tasmania is mostly rocky, of sterile appearance, with
reefs extending from it for as much as from 3 to 4 miles offshore in places,

5 and a heavy swell usually rolls ir. upon it frpm south-westward. The
prevailing winds are south-westeriy, and bring much bad weather,
especially in the winter months of June, July and August. The northern
part of this coast is comparatively 10\,.', but from abreast \Vest point,
about 16 miles southward of Cape Grim (.fa' .f1' S.• 1#' 41' E.). the

10 land rises and attains an elevation of 4,756 feet (1,449m6) at Frenchmans
Cap, about midway along the coast. Southward of this mountain the
coast is backed by ran,!>es between 2.000 and 4,500 feet (609m6 and
l,371m6) high.

The onlY harbours on this coast are Macquarie harbour. with its
15 entrance about 93 miles south-south-eastward of Cape Grim. which is

available for smJII vessels with local knowledge; and Port Davey, with its
entrance about 15 miles north-nonh-westward of South \Vest cape
(43" 35' S" 146' 02' E.), which is available for vessels of dee!? draught.

Caution.-The waters off the Western coast of Tasmanla have been
20 little surveyed, and less water than charted and unknown dangers may

exist.

Chart 3687,
COAST.-Dangers,-Cape Grim, on the "'estem side of the norm. .

western extremity of Tasmania and Steep rock. have been described on
25 page 163. .

From Cape Grim, black cliffs elCtend about 4! miles southward to
Bluff point, northward of which is a flat-topped bluff, about 350 to
400 feet (106~7 to 121m9) high. Valley bay lies close south-eastward oC
Steep rock, and three cxp~sed hays, Studland hay, Cal',!' bay and Canal

30 bay, lie between Bluff pOint and a pomt about 31' miles south-south­
eastward.
Chart Aus. 353.

From the southern entrance point of Canal bay, the coast trends
south·south-westward for about 61 miles to Green pointl and is fringed

35 with rocks in its northern part. l\lount Cameron West, 546 feet (166",4)
high, rises about midway along this stretch of coast, and between it
and Green point is Ann bay, at the head of which is the town of illarrawah.
\~hich is connected to the State highway. An above water rock lies close
off Green point and a reef lies about three-quarters of a mile west-south-

40 westward of it.
Nettley bay, a small indentation, lies about 2 miles south-westward oC

Green point with West point (.fa' S7' S., 1#' 37' E.). about one mile
farther south-westward. The latt.. point is sandy. and above water
rocks extend about one mile from it.

Chap. VIII.]

Chart Aus. 353.
Light.-A light is

a white metal fram
West point.

Off-lying dangers
(5m3) o.er it, on whi
"'ard of West point.

Porpoise shoal. wi
sea breaks occasionally
hal'e been obtained. Ii

Coast (continued).
point and Bluff Hill
southern end of which
high, rises about 7! mi
rock, on which there
south-westward ofthe
mate and it has not bee
south-eastward for ab
Gardiner point, the so
southward for about +
bav at the head of whi
a depth of less than 6
of the northern entran
2! miles southward of
extend about one mile

Temma harbour,w
about 5! miles southw
entered between Gaffn
sjde. and Richardson f
by road with :\larrJ'"
exttnd about Ii miles
of 60 feet and 12 fath
westward of the same
Richardwn point is H
tending about 11 mil,,.,
extend, abeut half a
south-eastward of Rich
side and another bay
ground extends abou~
southern entrance pOl
water, extc..1d about on
A bank, "ith a depth
westward of the point
6 miles southward, th
end of which is Kennet
in this bight. Rocks,
westward and I! nu
Thornton river and Pee
ward ....d 5 miles soutl

:\Iount Balfour, 1,3+
feet (-131m3) high, rise,
a."ld illount Hazelton, 2
feet ('S7m7) high, wht
eastward and 9f miles
(41 0 26' S., 144' 45' E
Lofty range.

I"" . j 4 .. ·ZlI;ld -t·~ g§nkL24J& ¥IU#£



[Chap. VIII.

9), from a white
l on Sandy cape.
r, about 6i miles
ich foul ground

rd, and Johnson
d 4} miles south­
oon river the coast
'andy beach, and
to Rupert point.

e north-westward

outh-eastward of
side and Conical
low water, extend

t
c entrance of the
ri"er and Conical

out three-quarters

~
river the land

ontoUT. and then
487",7) high, and

ntrance to Lagoon

'

es ahout 7! miles
feet (7S0",3) high

1t 17 and 20 miles
I, 300 feet (91..4)

fUCa! Rocks point

of the entrance to
nt cha-'lge; in fine
Ii depth, but after
Ins it. With north­
,ith heavy breakers,
I of Conical Rocks

lhs are greoter than
, but entry should

miles south-south-

IN water, extending
the latter point is

Duth-south-eastward
a rock, with a depth

Iof a mile offshore.
ut 81 miles, and is

offshore. Granville
ated about midway

lillage of Remine at
ward of Granville

::.ed to winds. between
all vessel with local

Inat recommended.
d with the rail head

east-north-eastward.
beach, which extendsI entrance point of

I

I

I

I

Chap. VIII.) APPROACH TO MACQUAIlIE HARBOUR 2S9

ChaTt Aus. 353.
Macquarie harbour, about 18 miles southward. Little Henty river and
Henty ri"er flow into the sea about 21 and 7t miles south-south-eostward
of Trial harbour. There are depths of 12 and 13 fathoms (21",9 and
23~8) about 1* miles off the long sandy beach to within about 3 mil.. 5
of Braddon point.

Mount Heomskirk, 2,+16 feet (745",S) high and conspicuous, rises about
4 miles Dorthw<Jrd of Trial h~rbour, and is visible from seaward for
30 miles. :'lount Agnew, 2,763 feet (842",8) high, and :-Iount Zeehan,
2,296 feet (69,,,.8) high, rise about 3* miles north-eastward and 61 mil.. 10
eastward, respecti"dr, of Trial harbour. "'Iount Dundas, 3,746 feet
(I,HlmS) high, rises about 7 miles e...t-north-eastward of Mount Zeehm,
and is the western summit of rhe Groat \Vesrern Tiers (chart 1079), of
which Mount Ossa (Cradle mountain), S,230 feet (1,59-1m1) high, situated
about 38 miles eastward of Trial harbour, i. the highest summit in 15
Tasmania.

ChaTls 3531, 1629.
APPROACH TO l\L\CQUARIE HARnOUR.-Entrance channel

-The approach to :-lacquarie harbour lies between the southern part of
Ocean beach and Cape Sorell, about 21 miles west-north-westward. The 20
harbour .entrance lies ben\'een :'.1acquarie heads. about 21 miles south..
westward of Cape Sorell and Ilraddon point (42' 13' S., 145' 14' E.).
Chari 3531.

Hells Gates, the entrance proper. is only about half a. cable wide, and
lies bet\-n:en l\Iacquarie heads and Er.trance island, a mass of rock on 25
which stands a lighrhouse (page 260), and from the northern extremity of
which detached rocks cxrend about half a cable northward. Entrance
island lies about half a mile north-wesI\\"arJ of Braddon point and close
off Kawatiri shoal, which has depths of los. than IS feet (5m3) over it
and parts of 'which dry. extending about I! miles north-north-westward 30
of L'1e point. The sea bre:iks hez.vily ort the north·wcslcrn extremity of the
shoal, the northern side of \;.·hich is unsurveyed.

HeUs Gates is approached by a. narroW channel between the western
side of Kawatiri shoal and \Vest breakwater, which extends about 4}
cables northward from Beach rock, on the C3Stern side of Pilot bay, 35
situated about 3!- cables north-wesrwa"l of l\Iaequarie heads. Thio
channel is obstructed by a bar, which in 19M, hod a least depth of 16 feet
(4,"9) oYer it, close north-eastward of Beach rock (42' 13' S., 145' 13' E.).
Chart 1629.

o,pe Sorell is the rocky north-western extremity of a long and tapering 40
peninsula of moderate ele"'ation which forms the western side of ilIac..
quaric harbour. It is 10v.·, terminates in: bare detached rocks of brown
appearance, and the toas! on either side is very rocky and sterile. l\Iany
above·watcr and sunken rocks lie close off this part of the coast, and one
small above-w.ter rock lies .bout 2 cables north-westward of the western 4S
extremity of the cape. .
Charls 3531, 1629.

From Cape Sorell to the western side of the harbour entrance and for
about 3 miles within the enrrance, the land on the western side is steep
and rises to irregular ranges of rocky hills of qu.r.zite and sandstone 50
cO\'ered with button grass, contrasting wim the land on the eastern side,
which is low and covered with dense scrub and marrarn grass.
Charls 1629, 1079.

Mount Strahan, 2,796 feet (732m2) high, and Mount Sorell, 3,748 feet
(l,H2m'l-) high, stand on the northern .ide of the harbour, about 13 55

t,
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miles eastward and 1411 miles east.south-eastward, rcspeetivdy, or
Draddon point, with Frenchman. Cap (page 256), 'about 11 l mile. east.
wanl of the latter mountain.

S elmrlr 3531, 1629.
Between Cape Sorell and Lucas point the north-western entrance

point of Pilot bay, about 1~ mil", eastward, the coast is fronted by rocks,
}lbove and below water. Watt hill, • remarkable rocky hill, rises about a
quarter of a mile south~wcstwatd of Lucag point, and Prater rock and

10 Tide Gauge rock, both above water. lie about one cable south-eastward
and 3 cables southward. respectively, of the same poillt. D"I1I1" of less
than 18 fcet (5mS) extend ahout 3 cahles from the head of Pilot hay. The
hea,( of this hay is formed by a ..O\ly kach. backed by "lIld hills and
dense scrub. Outer h:ly, which is- shaHow, lic$ on the north~\\'csfern

15 side of l\1acquaric hcat.l~. Mount Anthill, about one mile sOllth~sOllth­
eastward of\Vatt hill aod similar to it, but having a remarkahle Jouh1e sum­
mit; and 'Vellington head, about one mile ahove the cntranCl', which rises
rather abruptly and is easily identified by its table top. 2,9 feet (75m9)
l1igh, and hy a prominent quarry on its eastern slopc. From the offing,

20 'Veiling-ton head appenrs isolated before the Inwer ground, connecting: it
with the hills westward of it, becomes visible.
CharI 1629.
Li~hts.-A light is exhibited, at an elevation of 186 feet (56..7), from

a while round tower. 100 feet (30...5) in height, situated on Cape Sorell.
15 This lighthouse is connected by telephone with Strahan (420 09' S.,

145· 20' E.) (page 265).
Chari 35,11. .

A light is exhibited, at an elevation of 34 feet (10004), from a white
six-sided wooden tower, situated on the western extremity of Entrance

30 island.
For the lights which mark the channel over the outer bar and the

cntr:mcc eh.mlld, src page 263.
A light is exhihited, at an elevation of 24 feet (7m3). from elose south­

w,ird of the north-eastern cxtrcOl.ity of l\facquarie heads.
35 Tidal informalioll.-Tidal information can be obtained by radio-

tckplHIllC from the \\Tstcrn entrance point, where watch is kept when
vessels <lrc e..:pectcd. .

Sj1~ml1s.·-Thc following signals, shown on the western entrance point.
indicilc that the bar is dangerous or that the channel is blocked:-

40 By (by, a red 5quare flag at the masthead.
At night, two red lights, vertically disposed, at the yardarm.
Tidal strcmn :-ignals :Ire shown from the same place; for these stt

the plate fach.l?, thi:~ p:tgc.
\"'hen the Signals for slack woltcr nrc shown, a vessel shou1U endeavour

45 to enter and not w"it for the signal for the in-going stream. for at times
this stream docs not run hut the ollt~going- stream sets out more strongly
th'lll before sJack w.1tcr.

Vcssch ::>hou1d sound their sireos or whi~t1cs when they have made
out the night sigllliis.

50 Cltarl /629.
Allehor,,~c.-Tbere is no shelter from winds between west and

north for any hut small vessels outside the bar in the approach to Mac­
quarie Harbour entrance. North-westerl)' and westerly gales frequentl)'
blow here with great violence, and when there is a prospect of the wind

55 blowing from these quarters it is unsafe for vessels to anchor outside the
bar. -

,
I
I

TIDAL STR E AM S I G t~ A LS
,

DAY NIGHT

% m~ ~
Very strong out-going stfCa.1I1

( > (Over 5 Knots,)
..~

41 Strong out-going stream. m(217 to 5 Knots)

4' ~oderateout-going stream. m(Under Z~ Knots)

41 Very strong in-goingstream. $(Over 5 Knots)

11
-

Strong In-going stream. otQ(217 to 5 Knots,)

,. Modera.te in-eoing stream. m(Under Zyz Waats,)

11 Slack Water. 041
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Chap. VIII.] MACQUARlll HARBOUR 261

Chart 1629.
In fine weather, vessels waiting for a fayourable tidal stream, or for a

pilot, can anchor in depths of 36 to 42 feet (limO to 12m8), sand, about
It miles north-west,,~ard of the head of West breakwater.
Charts 3531, 1629. S

Caution.-Directions.-In north-westerly gales or when a heavy
westerl}' swell is ronning, dangerous breakers fann acrosS l\'lacquarie
Harbour approaches eastward of Cape Sorell in depths of 24 to 30 feet
(7m3 to 8ml). Vessels should not attempt entry in such conditions.

A vessel entering ?>Iacquarie harbour should follow the recommended 10
track, shown en the chart, keeping Bonnet Island light-tower (page 263)
open betw"cen the light-structures on Entrance isla.l1.d and the western
entrance point and one-third of the way from the latter. When the
knuckle of West breakwater is abeam to starboard, distant about 200
feet (61mO), she should steer for the middle of the entrance bearing 154°. 15

MACQUARIE HARBOUR-General remarks.-From its entrance,
~Iacquarie harbour extends as a narro\v entrance channel for about 5 miles
south-eastward and easnvard. It is then divided into t\\"O arms, a northern
ann, extending about 5 miles northward to the town of Strahan, and a
south-eastern arm, extending nbol,.;.t 13 miles south-eastward to the 20
mouth oi Gordon river. Macquarie harbour is under the jurisdiction
of the Marine board of Strahan.

Though this harbour is deep aboye its entrance channel, a depth of
only 13 feet (4rnU) could be carried through that channel in 1967, and
as the position of the channel over the outer bar is liable to change. 2S
'Vessels shcu1d not attempt to enter without local knowledge,; Vess~Is

over 240 feet (73m2) in length proceeding through Hells Gates should
guard egainst being set on to E.ntrance island (41" 13' S., 14S" 14' E.)
by the tidal streams, which run obliquely across that passage.
Chart 3531. 30

Prohibited landing.-Landing is prohibited on Entrance island and
Bonnet island, see below, \vithout permission from the authorities.
Pilotage.-Re~ations.-Yessels bound for Strahan should advise

the Harbour master of their expe(:ted time of arrival at the bar at least
8 hours beforehand; this may be done through the coastal radio station. JS
but preferably by radiotelephone to l\lacquarie heads, where watch is kept
when vessels are expected. On receipt of the expected time of arriyal
the Harbour master will communicate to them the condition of the
bar and local tidal information.

As a rulc, the pilot will board vessels abreast the head of West break- 40
water; in approaching this position vessels should keep Bonnet Island
light-structurc more nearly in line with the western entrance point light­
structure than with that of Entrance island.

Entrance channel.-Dangers.-Tr"ining walls.-Kidney cove, a
small cove with a tide gauge on its southern side, indents the eastern 4S
side of 1'1'Iacquarie heads, with its southern entrance point half a cable
south-south-westward of Entrance Island light-tower.

Nigger Head sock, a pinnacle rock which dries 2 feet (Om6), lies close
inshore on the eastern side of the southern e~trance point of Kidney cove.

Gate .11m, 148 feet (45",1) high, and Bell hill, 195 feet (59m4) high, rise 50
about.3 cables south-westward and 4} cables south-south-westward~

respectively, of l\lacquarie heads. A small T-headed jetty is situated
about one cable south-south-,....estward of ?\igger Head rock. From this
jetty the coast trends south-eastward for about one mile to Wellington
head (42" 14' S.,l45' 14' E.). The Cap, an above water rock, and Bonnet

,'
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Cl:G,t /{'29.
",t-north.eastward, bounded northward by Fraser flats, and southward
by the uppcr part of the training wall and by the sandbanks fronting Ihe
(oast between Round head and Liberty point.
Chart 35J1. 5

Lighls.-Beacons.-Buoyagc.-The entrance lighto are described on
page 260. The remaining aids are deseribcd below in the ordcr of their
use from seaward:- .

A light i. exhibited, at an c1eV>ttion of 45 feet (13m7), from a white six-
sided woolkn tower situated on the northern end of )Jonnet island. 10

A light is exhihited from Wall light-heaeon, a three·pile beacon,
standing alung:sidc till: training w.11l extfl1ding from 'Vellington head, and
about 21 eauks northward of Spor point.

Six kading lines, described below,lead up the channel from Hells Gates
to Kelly channel. IS
. A pair of leauiog beacons, half a cable apart, each with a triangular
topm:uk. stand on Entr.mce island, with the front beacon situated one..
quarter of a cable south-eastward of Entrance Island light-tower. In
line, a,tun, bearing 0030

, they load from Hells Gales 10 the leading
line marked by Inner Lead.. 20 .

Lights are occasionally exbibited from Inner Leads, a pair of Jight.
bellcuns standing one-quarter. of a cablc apart, with the front beacon
siluated 51 Cilbks southward of Entrance Island light~towcr. Juline, bear­
ing 177r ,they IC<lJ from the above-mentioned IeaJing line to that marked
by Main Leads. 25

Lights are occasionally e~hibited from Main Leads, a pair of light­
hencons standing half a cable apart, with the front beacon situated 21
ctlblcs south-l'outh~wcstwanI of Entrance Island light. tower. Tht,l'c light­
beacons in linc, astern, and in line with an unlit beacon half a cable
north-wl~stwnnl of the rear beacoll,and bcaring 322~o, lead from the lead- JO
ing line marked by Inner Leads to a position close eastward of Bonnet
island.

BrtldJon red can buoy is moored on the south..wcstcrn edge of the
bank extending from llraddon point, and one~quartcr of a cahle cast­
ward of the juuclion of the leading lines marked by Inner and Main 35
LC;1d~, both of which clear the bank.

.A pair of leading l)(,.·acoJls, each with a triangular topmark. arc situated
wah the front beacon on the training wa1l3! cables south-south-westward
of \Vc1lington Head sunlluit. and with the rear beacon on the shore one
cable south-south-eastward of Spur point; in line they bear 156~0 and 40
lead from ahreast Uonnet island (42" IJ' S., 1450 14' E,)lo abrcast
'''ellington head.

Lights are ~reasioHally t'xhibiled from Uo~net Uay leads, a pair of light•
beacons st.IIlUIIlg- nColrly half a cable apart, With the front bcal~on situated
thrcc~quarters of a CJblc south..westward of the light~towcr on !Jannet 45
island. These light-beacons in linc, astern, ano in line with both a black
beacon with a trianguh.r topmark 6} cables north..westward of the front
light.hcacon, and a beacon with a square topmark on the training wall
projecting northward lowards the Cap, bearing 3181', lead from abreasl
Wellington hcad to a position eastward of Walilight-heaeon. SO

A reu can buoy is moored 1~ cables north-eastward of the summit of
Wellington head ,md about one-quarter of a cable north-eastward of the
junction of the leading lines that meet off Wellington head.

Mosquito C';lVe Leads, a pair of lea~ing beae~ns, 85 feet (2Sm9) apart,
each wllh a dramond topmark, are srtuateu wrth the front beacon 2! 55
cables south·south-we.tward of Wellington Head summit. These

I
Cllarl J5JI.
i.land lie ahout 3 and 31 cable. north.north·wostward 'of the heOtI. A
training wall extend. about one cable northward from the shore 0[\ the
northern side of Wellington head to within half a cable of the Cap, enclos.

5 ing the castel'll side of Ilonnct bay which is fill,d with a drying sand bank.
Clo.e wc.tward of the head of Uonnet bay is a pine tree (196+). Two
white rocks stand about 2 cables south-westward and half a eahle south­
eastw;trd, respectively, of the root of the trilining wall. Close north...
eastward of the latter rock, foul ground, with a uepth of 7 feet (20.1)

10 over it,cxtL~IHh a short distance toward:), the f.airway. .
\Vithin Hells Gates, the entrance channel trends. about 3 cables Routh­

ward passing close eastward of Nigger Head rock, and westward of the
bank, which extends about 4 cables westward frum Ur.H.lJorl point.
Thellce the channel trends south-eastward for about 8 cables passing

15 south-westward of Uowra rock, with a depth of 3 feet (Om9) over it,
lying on Ihe edge of that bank about a quarter of a mile southward of
DradJon point, and thence eastward of Bonnet island ami the Cap.
Cllarts 35.11, 1629.

Fro',.lffi Bratldon point the low, strub-covered coast trends e3.st~wuth...
20 eastward for about 1:1 miles to River point, and thence c:l~t~nonh~cast..

wan! for ahout 11 miles to Yellow bluff, the we,tern enlrance point of
the northern arm of IVlacquaric harbour, sec page 26.... Fraser f1a1!~, with
depths of less than I~ feel (5m5) over it and which dries in places, extend.
about one mile offshore between Draddon point and Yellow blutT (..120

25 14/ S" 14,r;o 18' E.), and about one mile eastward from the latter point.
Back ch:ltlnc1 is entereu about 3 cables south-eastward of llraJdon point
and leads close inshore of the flats. There i. a small wooden jetty at the
northern entrance point of B:Jck channel.
Chart 3531.

30 Between the wef,tern enu of Fraser flats and Wellington head is the
inner bar, which, in 1967, had a depth of 13 feet (4mO) over it, on the
leading line, see below. Channel bay lies hetwc(,.'n "Vcllin~ton head and
Spur point, the.north~w,cstcrll extremity of Hound head, about one mile
south-eastward. Mosquito CO'/e, in the northern part of the h,ly, is

3S entered Lwtwccn C<lmp point, about 1~ cables southward of \VcJlington
head, nnd a point about 4 cables south..sollth-wcstward. Channel hilI,
261 feet (79",') high, rises close to the head of Channcl bay, and Hounu
hill, 311 fect (9·lnlX) high, risc~ about l~ cablcswcst·south-wcstward of
Round head. A training wall extends about I! miles south..castwarc..l from

40 \Vdlington lltolc.l ,1t~ru::.s the entrance to Channel bay. Ncar its ruot is a
small g'l}), :mu about l~ cables south..castwaru a white stone stands
on the wall.
.Cllart 1629.

Between Round head and Liberty point, the sOllth..wc'Stern cntr<lnce
45 point of the ca:5tcrn ann of l\:lacquaric haruOlII', ahout 4 miler; south..

westward, the coast is formeu by thr~·(· lmys, scparatt'll from each other
by Backagain point and Table head, s.itu:lted ahout 1& anti 3 milt,s south­
eastword, Table I'lead hill, 635 feet (193",5) high, rises about one mile
south-westward of Tahle hcau. Tht' whole of this stretch of coast i.

50 fronted by sand banks, mo::;t of which 3r~ covered, extending up to
2 miles offshore, only the north('nl edge of which has been sun·eyed.
Elizaheth (Betsey) island, with Biru islet and Shag islet, about a quarter
of a mile northward, lies about thrce..quartcrs of a mile ca!.\t~south..
eastward of Backagain point (420 16' S., 1450 16' E,).

Kelly channel, the uPI,er part of the entrance channel, has its western
end abr"""l Spur point. It trends about 3 miles east-south·eastwasd and
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arm to Strahan between Ihe ohore banks on either side. This channel ia
bro.d fot the first 3! miles to the entrance to Long bay, between Town
point and Dead Hor.e point, above which it has a width of about 2 eableB.

Swan basin i. an area which mostly dries, lying on the western side 5
of the channel we.tward of a line joining the northern end of Neck island,
about 2 miles northward of Yellow bluff, Cat island ond Magazine island.
A beacon stands close south-westward of the hater islam\.

Smith cove, on the western side of the channel,: about onc...quartcr of
a mile Wt~stward of 'l'o\,.m point, is a small indentation forming a natural 10
dock, in the greoter part of which there are depths of 12 ftct (3m7) or
more. Tllcrc is a d.epth of 10 feel (3mO) in its entrance, from the western
aide of which a ledge of rock3 cxtcnJs cast~south~castwardand from the
eastern side of which rocks extend a short \liS-lance southward. This cove
shotJld only be used hy small craft with local knowledge. A rocky spit, 15
with depths of less thall 18 feet (5m5) over it, extend' ahout a quarter of a
mile south-eastward from Towo point (./2" fl' S.• 145° 20' E.).

Dcfriez hay lics on the southern side of l\b.gazlne point, sihlatcd about
one mile northward of Town point, and l\lill hay or Pine b3)' is entered
stthe north-western end of Long bay Lcl\\'ccn l\1agazine point and 20
Strahan point, about 3l cabl~s north~castward.

Sop!,ia point is low, and from it a reef extend. about half a Inile south­
westw;.Ut.I, its outer eud being marked by a thrce~pile beacon, with a
platform.

King point, ahout 2! mile. north-north-westward of Sophia point, 25
has a reef extending about half a mile south..westward from it, the southern
edge of this reef oeing marked by a pile beacon. Pine cove, on the eastern
side of King point, affords ~ood anchorage for small vessels with local
knowlc~ge, in a depth of 18 feet (SmS). In addition to the reef extending
from Kiog point, a rock, with a depth of 3 feet (Om9) o\'er it, lies in tne 30
middle of the entrance. The tidal streams are scarcely perceptible in thi,
cove.

King (Kio~s) river, which flows into the eastern side of the channel
about one mile north-eastward of King point, has a shaJIo\\' mouth and
is only aCCl'ssih!e to boats. Lcttcs bay lies between the northern entrance 35
point of Kin~ river and Dead Horse point,:: and is shallow.

Lighls.-No. 7 li~ht-beaeon has been described on page 264.
A light is exhihited from No.8 light-beacon, situated on tbe outer end

of the reef extending south-eastward from Town point (42° 11' S"
1450 20' E.). ,

The front light of a pair of lea~ing lights i. exbibited from Regatta
point, on the eastern side of Long pay, three-quarters of a mile north..
ward of Dead lIorse point; the rear light i. exhibited from the south·
eastern part of the town of Strahan, 4 eahles northward of the front
light; in lil\e they bear 005° and lead into Long bay between Dead 4S
Horse point anu the dangtrs off Town point.

Explosives anchorago.-V(S.ds carrying explosive. must anchor
.outhward of a line joining Regatta point to Magazioe point.

Wharve••-Port faeilities.-There arc two wharves in Strahan
harbour. Strahan wharf has a length of 270 feet (82m3), witb depths of SO
9! to 19 fed (2",9 to 5m8) alongside. Regatta Point wharf has a length of
390 feet (IIS",9), with depths of 7 to 14 feet (2ml to 4m3) alongside; the
latter is used for cargoes of coke and explosives. Ore jetty has a length
of 400 feet (121.,9) between dolphins, with a depth of IS! feet (4m7)
alongside. Doth wharves and the ore jetty arc connected to the railway 55
syotern. On the ore jetty is a bulk eonve"or be" > 'n'lder'-' '/ritie

I
Cllart JSJ1,
bencons, in line, astern, and in line with a beacOll with aaquare topmork
Ii caMes wcst-nortll-westward of the front beacon, and a beacon with ~
white circular topmark on the training wallS! cables east-south-eastward

4 of the front beacon, bearing 2951°,leod from the position eastward of Wall
light-beacon into Kelly ebannel.

No. I can buoy, painted red and white in ehequers, is moored about
21 cables eastward of Wall light-beacon, and three-quarters of a cable north
eastward of the junction of the leading lines marked by Donnet bay, and

10 Mosquito Cove Lead,.
A light is exhibited from No.2 light-beacon, situated on the northern

side of the western entrance to Kelly channel, nnd 9J cables eastward of
Spor point.

A pile and a beacon stand on the southern side of the entrance to Kelly
IS channel, about 11 and 2 cable••outh-westward of No.2 light-beacon.

Chari 1629.
The northern side of Kelly channel is marked by Nos. 2A, 3 and 4

light-beacons; farther north~eastward, it is marked by No.5 beacon, and
by No.7 light-beacon, situated on the eastern. extremity of Fraser flats.

20 The ,outhern side of the channel i. marked by two beacon. standing
sbout 61 cable. south-westward, and 3l cable••outh-eastward, respectively
of No.5 beacon.
Chari 3531.

Submarine eable.-Deaeons.-A submarine cable i. laid across the
25 entrance channel in a west-north-westerly direction from the northern

entrance point of JJack channel to the western shore, where its landing
place is marked hy two heaeons. See page 17.

Ancltorages.-·Sheltered anchorage for small craft, in a depth of ahout
8 feet (21l,4), can he ohtained. ahout half a mile east~north-ca$t\\,'lf(l of

30 Donnct i!'.land in the entrance to Back channel. Bonnet Island light..
tower (420 13' S., 145· 14' E.) in line with a beacon with a triangular
topinark situated 11 C:lbIcswcstward of it, bcaring 260°, astern, Jeads
from the entrance chauncl to the anchor-a~c.

Anehor;lg" may be obtained in a depth of ahOllt 18 feet (5mS) in Mosqoito
35 cove, about (Ialf a cable C:lstw,lrd of the front beacon of IVlosquito Icads.

Charls 3,,31, 1629.
Tides nnd tidnl streams.·-l'resh"ts.-The tides are mainly diurnal

and have a ~nlJll mean ral1gt~, but the ratc ami duration of the tidal
strC:lrIlS arc very much influenced by great freshets which flow into the

40 harbour from the high mountains in rhe interior during the prevalence
of rainy wc'lther; .ami abo by the ch:lIlgc in the level of th~ watcr<,lue to
the wintls; with south·.we::;tcrly ",imls the level of the water 15 lowered and
with northerly winds is rJi::;cd. The out-going stream may continue to
run while the tide is rising, especially ;lCter heavy ruins, and at such times

45 there may be a sub-surface in-going stream.
During freshets, the out-going strc~m in the entrance channel runs

very strongly, often attaining a rate of 8 or 9 knots in Hell. Gates and
6 knots in other parts of that channel. At such times the tidal stream
will run Ollt of the harbour for two or more days; with stroog northerly

50 winds it will run in for the same period. The tidal stream. set obliquely
aerO" Hdls Gate•.
Chari 1629.

Channel to Strahan._Bcacons.-Duoy.-The northern arm of
M.equarie h,,,bo\lr, which forms Ihe approach to Str.han (p.ge 265)
extends northward of a line joining Yellow bluff to Sophia point, about
31 mile. e."t-.outh-eastward. A deep ch.nnel extend. through this
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Chart, 1629. /lUI. 353. . •
COAST,-Dangcrs•.,..Detween Cape Sorell (page 259} and .POlOt

Hibbs, nbout 25 miles southward, t~c coast consists of a su~c"slon. of
rocky bight. and point•• The land ns.es gently for ~ or 3 miles behmd
this coast and it appen", smooth and umfol'lll, but destltute,of trees a~d al·
most barren. Mount Lee (Direction), 2,409 feet (734m3) lllgh, t1.,e lll~heot 10
summit of the J);,guilar range, rises about 15 miles eastwnrd of POlOt Iilbbs.

From Cape Sorell the coast trends southward for about 7 miles, to
Sloop point, and is fronted hy roc1b, above and hcl~w water, cxtcndmg
about II miles offshore. Sloup rock, above water, lies near the edge of
the abo~e hank about II miles northward of Sloop point. /5

From Sloop point to Gor~c point the coast. cUTltinuC's southward for
about 31 rniksand thence 4 mites fanhcr southwilrd to the northern
entrance point of Ilirthday bay.
Chart AIlS. 353.

Varna bay, at the head of which Modder river enters the sea, is situ.ted 20
abollt8l mile. sOllthward of Gorge pnint (42" 22' S., 14.5' 13' E.). Rock.,
with dep'hs ilf Ie," thnn (, feet (Im8) uv"r ,thetll, e~tend abo~,t half a mIle
westward from the cntranc~ of IVloddcr nVCf. llibbs hay hc:s between a
point about 4 miles sOl1th-south-cas~ward of the entrance to !\.Ioddcr
river. and Point Hibbs, about 3 JUlIes south-soutll-\V1.'stwarJ. Above 2S
watc~ rocks extend about three-quarters of a mile sO\lth~wcstward from
the northern entrance point of the bay, and Hibbs river flows ioto the
sea nC;lr the northern end of the bay.

I'oi.t Bibbs;" higher than the neck of land connecting it with the
mainland. Rocks, above and below water, e'tend ahout half a mile 30
westward from the point. Hibbs Pyramid, 300 feet (9Im4) high and
con,;picuous, is 5o·mllncd from its shape. and lies near the ed~e of foul
ground e'tending about 11 miles north-eastward from the point. This
rock set'n from southward of Point lIil>bs on north-north~f~lstcrly bearings,
appears like the crOWll of a hat over the extremity of that point. Rocks, 35
above and below water, extend about half a mile wc:-:.tward, one mile
sO\lthw~rd and n miles south-eastwanJ, respectively, from Point Hibbs.

Olf-Iyin~ <1.n~ers.-Caulion.-Albina rock, above water, lies about
3 miles ~ollth-sollth~westward of Gorge point.

Two rocks, awash, were reported in 1955 to lie about2.t an<141 mile. 40
north-north-wcstward of Point Hibbs (42' 37' S., 145' I,';' B.). .

Ilrcaker. have been reported to lie about 3 miles offshore between
Sloop point and Point Hibbs, and vcsscls arc cautioned to keep a good
of1ing between these points.

Coast (c""li"utd).-Dangcrs.-Condor point, close southward of 45
which is an above water rock, is situated about 41 miles s()lIth-eastward
of Point llihbs, and separates Spero, bay on its north-western side {rom
Endeavour hay on its south-eastern side. \Vanderer river enters the sea
at the head of Christmas cove, about 51 miles south-south-eastward of
Condor point, and i. said to afford .nehorage for small vessel. with 50
local knowledge. High Rocky point, situated .bout 2; miles southward
of Christmas cove, is fronted by high rocks, extending three-quarter. of
a mile south.westward, and foul ground extends about one mile north.
north·westward.
..-...n B--...tock""'t t,-<st ... so....uth-.....d~
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cnlered between Rum point and Gordon potllt, a ,out ml es SO?t •
e,,<tward, i. only navigable by small craft. Sorell rJver enters the tIllet
ot its head.
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whicl~ Can be loaded at a rate of 240 tons per hour. The maximum
perm,sSlble length of:, vessel berthing at the jetty i. 400 feet (121009).

Water can be supphed by hose and from tank. on lighter••
Strahan i. the principal port on the western side of Tasmania. It i.

i~ regular .com,munieati?n b~ sea wi~h ~e1bourJ.,e: Bobart and Sydney.
'1 he ,PrJIiCo,pa,1 lIldustr>: '~ tllI~ town !s t1mbr.r m,lhng. and in the neigh­
Lourmg th:itnct the prmclpaluHlustru:s arc timber and mming. Queens­
to\\'O, ••bout 22 mites by railway from Strahan, is situatl~d ill the most

10 important mining district in T<lsmania. the chief orcs mined being copper
silver and gold. '

The chief imports arc general cargo, coke and e'plosives, and chief
exports arc orts, copper concentrates and blister copper.

South-cllstcrl1 arm ofMac'luaric h.rbour.-Caution.-Deacon.-
15 The south-eastern ann of l\1acquarie harbour. ,,,'hich extends about

11 miles s~lIth-ca~tw:lt'd of a line joining: Liberty point and Sophia point,
has heen Imperfl'Ctly surveyed and should not be used without local
knowledge.

Donble cove, on the south-western side about 3 mile. southward of
20 Liberty point, has depths of from 3 to (I feet (Om9 to Im8) in it and

afl"ords good shelter for small craft in all weathers. '
lletween Double cove and Sarah (Headquarters) island (42" 13' S.

14.50 27' E.), about 6 miks sQuth-eastward, the south-western shor~
consists of rocky points and small bights mostly fringed by sunken rocks .

25 the land behind being thickly wooded. '
Sarah ishmd lies on the inner part of a reef which extends about 11

miles cast-north-cOlstw:.ml from the south-western shore about 6 miles
e3s.t-sl)uth-e4\~t\..·anl of Douhlc cove; a few above-water rocks lie on
this. reef, and m~ar its outn eml i8 Grummct islet. Rum point. the north-

30 w(,'slcnl entrance point of Ilirchs (Dirches) inle-t; see below, issituated about
one mile sout)l\\'ard of Sarah island, and from it a reef with rocks auove
and below w:'ltt:r, extends about three-quarters of a milecast-north­
eastwan.l.

There is anchorage in ,Iepths of 18 to 30 feet (5m5 to 9ml) between
35 Sarah island and the reef extendin~ from Rum point.

The north-castnn t~hore, from Sophia point for about 41 miles to
Coal heau, is t!liekl)' wooded. Coal head i. bold with thick scrub on it
and foft.':-it behind, and is easily identified by a patch of yellow"clay on it.
Thence fur ahout 3;1 miles to Gould point, the western entrance point of

40 FOlflH cove this shore is heathy and barren, rising inland to ~lount Sorell
and Mount Strahan (page 25,). Phillip island lies about half a mile off
this shore, at the !:iouthcm end and clo$c inside the ollter edge of shallow
rocky grounu which lills the bight between Coal head and a point about
1t lll.ik!:> slmth-castwaru of it.

o Farm euve is entered between Gould point and Pine (loint (42" 22' S••
145" 30' E.), about three-quarters of a mile east-south-eastward; it io
much obstructed by sandbanks and reefs, also by Soldier island which
lies in its centre. A beacon marks thcsouthcrn. extremity of a reef ex­
tending about 4 cables south-eastward from Gould point.

The head of the south-eastern arm is dh'idcd into three branches.
Kelly basin, at the head of the north-eastern branch, is a natural basin
whieh alTords excellent anchorage in all weathers to small craft with
local knowledge. Gordon river, the middle branch, is .obstructed at it.
entranCe by a bar, with a depth of 10 feet (3000) over it, after cro.sing

55 which the channel lies mainly in the centre of the river and small craft
I r L ,,(\', t)·~I.~"""tl--...t· rn~
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Cllart. 34fO. 3411. '
t 'ard where it is divided into two arms: the northern arm cxtends

e~s ~t 5 ~,iles to the entrance to Davey river (page 271); Bathurst channel
ip~ge 272), the eastern arm, extends about 7 miles to Bathurst harbour
(page 271). '
Cllart .1410.

Bramble cove (page 271), which lies immediately northward of t~e
western end of Bathurst channel, alTords the most secure anchorage In

Port Davey,
Clrart 3410, pIa" of 1'ort Davey. "

Wh"/1 nearing Port Davey the land on e.ther SIde presents a most
ruggt:d and b:lr~cn 3l':pcCt, and eastward it is fitccp and mo~mtainous.
The two .ummns above Pollard head are well defined comeal peaks,
which arc c:lsily identified in the approach, and the .entrance may be
identified by Big Caroline islet, tlilliard head is a 11Igh, craggy, pro- /$
jecting point risillg to an e1e~.rlOn of about 750 feet (228006), about One
mile suuth-eastward. Sre view (32),

Isleta and dangcrs in thc approach.-The islets and dangers on
the northern side of the appro:lCh have been descrlhed ab~ve. .

Stokes rock, with a depth 01 less than 6 feet (Im8) over It, on wllleh 20
the sea brc<lks occasionally, lies about IJ miles southward of Pollard
head. ,

Big Caroline islet, about three-quarters of a 1~,le north-north-west­
ward nf tlilliard bead, is about 250 feet (76m2) blgh.

Swainson islet, about 200 feet (6ImO) high, with sunken roe~s c1~se 2S
round· it and an abovc..water rock close otf its north-western Side, hes
about half a mile north-eastward of Hilliard bead.

SlInken rocks lie close nIT Pollard head, but there are depths of 30 reet
(9",1) aboul one cable 01T that bead. Hilliard head also has sunken rocks
close 01Tit,' 30

Mutton Bird islet, lying close olTshore, about Ii miles south-eastward
of Hilliard head (43" 23' S" 145" 55' E,), is low, it has no defined summit
and from seaward appears like part of the coast; a smaller'islet lies close
off ilS north~c;lstcrnside.

East Pyramids arc a group o~ peaked islets, more or I~ss connected by 35
rocks, l)'in~ from ahout one mile to onc~C}uarter of a_mite s(lll!hwar~ of
Hilliard head; Sugar Loaf, the southern Islet, about 2,0 feet (711m2) IlIgh,
is the hi~h('st of this. group and it is similar in appearance to Dig Caroline
islet. Sa view [32], ,

Mutton Bird islet and the East Pyramids have heen reported toJie 40
about one mile {arther southward thanchal'tcd. There are sunken. rocks
between Mutton Bird islet and the East Pyramids, but there are no
known d.mgers outside the lattcr~

Outcr part and northern arm of the port.-Caution.-Islcl8
and danr,ers.-Light.-The ouler part of Port Davey extends about 45
3 milcs c;lst.north-c;stwanl between Poll:lrd head and Garden point l on
the northern sidc i and between lfminrd head and Ilannantpoint, on the
southern side; the northern arm extends above a ·line joining Garden
point to Ashley head ahoutl ~ miles east-north-eastward. These portioRs
have been imperfee;ly surveyed and they should be used with great
caution. Vessels should avoid anchoring anywhere seaward of Bramble
cove, as a shift of wind to southward or south-westward will bring a
heavy sea right into and up tbe port.

Nan"~' ",~,,"'k, av''''''t. ~n ph:,;-,"'ot', lies al.,~l'. Ii rrq...~, I""ast·p,....t'h..eastw.....,t "f

I
I
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Chart AUJ. J5J.
a,bout 6! ~iJes to Mainwaring inlet, at the hC3d of which Mainwaring
rIver flows mto the sea; thence the coast continuC9 south-south-eastward
for ahout 31 miles to Diorite point, and thence for about4l miles south-

S ward 10 Low Rocky point, lloul ground exlends about half. mile north­
wl',shvard from l\11ajmv:lrin~ inlet, and between that inlet and Diorite
POtn~, rocks abo\-e and below water, extt.'nd up' to Ii miles offshore.
Aeae,a rocks, 20 feet (6001) high, lie uear the outer cdge of the latter
area ,of ~oltl groun~, about 11 milt·s south-westward of J\lainwaring inlet.

10 LewIs rtV('f lIo~\'s !Olothe sea about midway between Diorite point nnd
Low Hoeky POlllt. Hoeh, above and belolV w"ler, exl{'fid ab"ut thrce­
quarters of a mile north-westward and three-quarters of a mile south­
wcstwanl, rcspectivc1y, from Low Hocky.point.

The land hetween Point Hi,bhs and Low Hoeky point is somewhat
15 m?TC elevated and not so dcgtltute of trecH as that northward of Point

HIbbs. Mount OSlIlund, 1,207 feet (367m~) high, the southern summit
of the Daguilar range, rises about 8 miles north-nol'th-eastward, and
Mount Sprent (Wi~mot range) (chart 1079), 3,483 feet (1,061m6) high,
the northern summIt of the Frankland range, rises about 24 miles CJ.l'iot-

20 north-eastward, T<'Speetivc1y, of Low Rocky point (43° 00' SUS.
30' R.), .,

Lir,ht.-A light is exhibited, at all e1ev,ation of 179 feet (51m6), from a
metal fr"mework tower, 60 fc'Ct (18m3) In height on the southern end
of Low Rocky point. '

25 Cltart 1079.
Coast (,o~Jtinuetl).-nct\VeenLow Uocky point and a roundeu projection

ab~lIt 1.3 l~ll,l's south.c,astward, the coast forms a bight in the centre of
which," h1hot bay (cove): From the south-e."tern end of this bight
the coast tn'nds about 10 mJles south..south-c:1stw:.Jrd to Point St. Vincent

30 which is fronted hy a reef on which lie th~ 'Vcst Pyramids, a group of islct~
and rocks, cxtclll1mg from about one mIle north..wcstward to about one
mile westward of that point.

From Point St. Vinccnt the coast trends about 2 miles south-eastward
to North head, which is fronted by a reef with abuve-water rocks on it

35 the~cc it trends ill.JOut one mile.: eastward to Poll41rd hc.ad (sec bdow):
. I'or abo,ut 19 mtlt'!> south-e;\~twanl of Low Hocky POint the coast is

111,gII, ;\11(1 In!,t,nd :l)rc sc\:cral Wilitc .bare pC<lb,. , ....llich appear as if cO\'crcd
WJth ~now. llle 1 ropsUng (Dc 'Vllt) range attains an elevation of 2,445
feet- (7+5102) at its ~outht'rJl end, ahout 18 miles sOllth~castwarJ of Low

40 Rocky point. The summit of the pcnin~ula terminating in Pollard head
nnd fOfming the W(.'stl'rn l'Iiuc of the northern arm of Port Davey (page
269), is 1,122 feet (343",0) high.

Orr-lying jslets and dangers.-Grcen islet tics about 6 miles north..
north-westward of l'oint St.· Vincent.

4S Trumpeter islets, a grol1p of fouf islets connected by a reef lie about
2 miks north-north-westward of Point St. Vinccnt~ ,

Duck hlet lies about one mile westward, and a reef lies half a mile south­
ward, rcspt'ctivcly, of North head.

Off-lying depths.-A depth of 26 fathoms (47..5) was reported in 1967
~O to lie about 7 miles west-north-westward of Point St. Vincent (43" 17' S,
~~w~' .

Charts ,1410, 3411.
fORT DAVEY.-General remnrks -The entrance to 1'01-' "'''ey Ii,·
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Breaksea isl~nds, on the northern s!de of South passage, lie Crom :::.. ~l.\V·l'oi'" (.1J0 20' S., 146" 00' E.), lIelby point and Deep point,
about half a m.,le n.orthward of Shanks ,~Iets to three-quarters oC a mile ~uated ahou' 4 cables south-castward, 5~ cables, 61 cables and one
w~stward o~Mllncr hcad. The~ arc threc 10 OIlmber! and all ~rc Caced with mile east-south-eastward, respectively, of Ilixson point. Ileathcr hill,

S chITs, the middle and longcst bemg 250 Ccct (76m2) hIgh ncar Its centre,the 185 Ccet (56",4) high stands close northward of the first named point. S
northern. 255 ~ect (77m7). high, and th~ southern.. which is almoM joined Bcabcy point, on thc ;outhern shore, close southward of which is Schooner
to the r~!Ildle Island, 175 fcct (53m3) IlIgh; see VICW [31J. A rock, 13 Ccet hill 395 feet (120",4) high, i. situated about midway between the point
(4...0) Illgh, lies about one cable west-sollth-westward of the southern a q\Iattcr oC a mile cast-south-eastward oC Turnbull head and Forrester
extremity of t!lC southern i~ta~d, and abovc-wat.cr and sunkcn rocks lie point; about thrce..quartcrs of a milc sout~..cast~ard.

10 close off the ~Ides of all t!,ese ,slands, hut thcrc .. deep water about one' Mundy island, very thickly wooded, hes mIdway botween Be1by 10
cable off thclt "<:ste,,., Sides an,! deptl~s of not less than 30 feet (9",1) " point and Forrester puint, and dividcs the channel into two branches,the
ab~lIt 1~cablcs o~ their C<lstnn fades. 1 he Islands arc connected With the main fairway leading southward of the islal1d an? con~nuing ahout o.ne
m?Hllan.d ncar MIlner head by a 30-foor (9,..1) hank, but between the I milc east-south-ca,tward to ahreast Branson pomt. Covcr icdge, with
middle 15lalHI and the smlth-,>aste,,: "de oC the approach there arc depth. 1

1

depths of bs than 18 feet (5m5) ovcr it, ext<:nds a short distance eastward
IS oC over 36 f,>et (lImO) for a leO't WIdth of ahollt one cable. CroHl the east<:rn <:nd of the island. IS

Two patch~'s, with depths of 28 and 30 feet (SillS and 91ll1) over them, Schooner cove on the southern f'ide of the channel, between Forrester
respectively, li.c c1ot'c together on lh~ s~ulh("r~l f'ide of Southpa~~age. point and Night· bid. about 3 cables south.eastward, is only. suitable
3!'out half a tlHle north-:wcstw,ml,of.O Bn?n POlllt; ,On the smlth-caslern for small craft, its southern part being shallow. A rock. awash, lies about
SIde of the approach, betwcrll 0 Brien POl1lt and 1urnhull head. depths one cahle off its wc!'tt:rnshorc about one.quarter of a mile south-south..

20 of less than 36 feet (tlmO) extend as much as about 2 cahles offshore. wcst\vard of Forrcher point. 20
A roock,> 6 feet rQ"'S) I,~igh, lies close north-westward oC Turnbull head Cltart, 3410, 341J, 1'11111' .of flatlmrst cltmmel, ,heet, 1 alld 2.,. .
(43 20 S., 14" 59 E.). . Berw<:en Noon pomt, sItuated aho.ut 3 cahle, easnva!d oC Nlghtl,let, ~nd ..

~orth pass;lgc hc~ hct:vcen the northern end of Brcaksca Jslands and Pine point, the eastern entrance pomt of Horscshoe mlet, ahout 11 miles
DOli rock,S feet (lm5) lugh, about 3~ c'Jhlt's northward. It has a least farther c<I:;twanl the southern side of the channel is kicked hy a ridr;c.

25 width of about 2 c'lhlt's and throll~h it a )cnst depth of 30 feet (9ml) on whkh :lrc I\tUlillt Nart'R, IN5 fl.·ct (JO.~'ll:\) hil~h, l\lo1111,Ni('holl~, Z$
can be carried to l~r;Hnh.lc cove. J(athlct~n !sland, faced with clitfs anti 1,170 feet (35(111\6) high, nml 1\'1011llt C'UUilll,. 1,025 rel'! (.\12-"14) lIi,;h,
360 feet (lOl)1Il7) 11Igh, lies ahollt half a IHilc north-north-wcstward of situated ahollt h,llf a mile southward, one 1l11lc 811uth-t';lstw:ml ll"d 11
Doil rock; sec view (.H]. Needle rocks. a group of islet~ and sunken rocks miles cast-south-castwanl. respectively, of Noon point (4.1" 2]1 S.,
lying hetwrcn Kathleen island and the shore. arc separated from that 146~) 01' J..:.).

JO island uy n clear pa~sage which is tl~cful for b~ats. • . From abreast nranson point the fairway ~rcnds al~out. (~n~ mile cast.. 30
AhOllt -half a mile northw4lnl of Milner head IS Roanng beach, hacked ward to Little 'Voody islet, the depths northward of a Ime Jomll1g Branson

by diff~. Two roch, :.lw,tsh. lie a!)()ut 21 cables wcst-north~wcstward and point and Little 'Voody islet bcin.g shallow. l\1ount l':lrry, .950 feet
3 cabb, "'.,rth-'veotward, respectIvely, of the southern cnd of the heach. (289006) high, and Mount MackenZie, 990 Ceet (30Im7) high, nse about

AncJ:wLlr,<"S.-Thc best ~n("hor;Ig("5 in Bramble cove arc in depths of thrcc.quartcrs of a mile north~\~ard and one. mIle north-eastward, rc"
35 abollt 42 alll139 feet (12m~: and 11",9), about If cah!e, south-south- spectivcly, d Branson point. Ihence the C3Irway trends ab?ut three- 3S

westward and J.t c:lhle~; s{Juth.south.c:tstward, respecttvcly, of Datum quarters of a milceast.north-castward and eastward. passmgabout
point. TJw:,c positions give good shelter from north-westerly winds, 2 cables southward of Opossum point and 3 cables northward of Pim
which kl\'t~ the reputation of bdng the strongest hereabouts; the bottom point. The fairway then curves south·eastward, eastward and north..
is harJ :;;md. eastward. round the shoals, with depths of less than 18 feet (SmS) over

40 Chart, .UIO, 3411, pilln, of /lilthurst chmmcl, them, extending about half a mile we't-so~th-westward and three-quart~rs 40
Bathurst channcJ.---Bathurst channel, which connects the western of a mile north.westward from Farrell pomt, the northern entrance pomt

part of Port Dav"y wirh Bathurst harhllurr see pa!;e 27.4,.has a deep fair- of The Narrows, about 1! mi.lcs <:astw~rd of Little.Woody hlet. Grav~lIy
way, throughout its length with a lca~t :vu.lth, whle!, Isl.n The Narrows, beach. compos~d of pur~ white Cl.uartzltc gravel. situated ab~ut,3! cabl.cs
sec page 274, of ahout 200 feel (6tmO). fhe water In dll5 channel has a eastward of Pun pomt 15 conspiCUOUs. ano ahout a. quarter ()f a mile

45 peculiar coffee colour, which entirely hides.any signs of uneven bottom, an~ southward is Balmoral hill, with a round bare summit, 500 feet (152m") 45
is Ca\lf.e<l by the fresh-water str<:am' willehfiuw through the peaty SOli high.
oC the hutton-grass plail~~ in their ~ourso to the ~ea; this colollr is notic~. I CharI 3411, p.lan of Bathur,t cltanllcl~ ,lteet 2. . . .
able ulH.lcr all wet condltton~ and IS to b~ seen an the smalle3t mountain I Horseshoe mlet, on the southern SIde of the channel, WIth Its entrance
str<:am.' close south-w"stward of Pim point, is only availablo for small craft with

&0 Chllrt 3410, plm. of Bathllrs! cltallnel, ,heet 1. , local knowledge, its depth »eing only about 6 feet (Im8). Its shores are SO
(9 At the entrallce to Bathu,"t Channcl from Bramble cove, the. faonvay low-lying and, except off .ts northern shore, ?anks tha~ dry extend a
:Ii. 11 cables wide, between a point abollt one-quartor of .a nllie cast· I,> considerable distance from them. About o~e mile above Its entrance are

BOuth-ea,tward oC Turnbull head and the south-wcstern SIde o.f Sarah two patches of rocks which dry and .conslderably obstruct the channel
i,land. Thence the Cairway trends about three-quarters of a mIle east. on its north-eastern side; when entenng, these patches should be left

55 south-eastward to Mundy or Woody island. The northern shore is on the port hand and they should be given a good berth. 55
'",Jentcd 1>1' small shallow ba'", &cparated from each other b'r Hammond Jo.» '>" >eor T0'-' bay, on the northern aide oC Bathu",t channcl r.xtenda
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Cha,t 3411. plan of Balhllrrt barbour.
southward and ending in a large shallow basin, to which this creek is'
na\'igaule for boots drawing up to 5 feet (ImS). About the middle of the
southern ~hore is Di.xon, islet, which is conspicuous and lies on a shallow
spit extending about 2 cables ofTshore. S

The northern shore i. indented by three bays. Ncar the middle of
the entrance to the western nnd brgf'st of these bays is Swan i!>lct, with a
very foul channel westwaru of it ~nd with foul ground extending about
onc quarter of a mile southward of it, the channel eastward of this islet
has not becn examined. North river flows into the head of this bay. Old to
river flows into the head of the eastern and smallest of the three bays.
The south-eastern corner of the harbour, is indented by Moulter cove
(43' 23' S., 1·1(," 13' E.).
Clwl, 3410, 3411.

Tides and tidal strcams.-Wntcr lcvcl.-From observations made 1$
during a short period in Port Davey, it appC'lrs that the tides arc greatly
infhu.'llcC(l hy the force and direction of the winus, for, prC\'iously to a
strong \\"t·gtcrly breeze the water rose from 4 to 5 fect (1m2 to 11llS) and
fell but 2 fect (0...6). Whcn the fine weather returned, 2 feel (0...6) appeared
to be the extent of the rise, and this was about the time when the moon 20
ch:mgt·J.

The tiLIaI streams nl11 through The Narrows at a maximum rate of
about 2 knots; tile wcst.going stream. is stronger and is of IOllgcr duration
than the e:l~t-going stream.
Chari 3410, plall of I'orl Davey. 25

Dircctions.-The entrance to Port Davey alTords no difficulty apart
from Stokes rock, which should be given a good berth.
Chllrls 3410, p1<m of I'orl Davey, 1079.

Coming from southward, a vessel should pass at least one mile off
SOllth We,t cape (page 276) and, the East Pyramids, and between 2 and 3 30
cable> orr Big Caroline islet.
Churl 3410,1>1"" of lIallm"l clIO/mel, sheet 1.

To cntcr Bramble cove or nathurst channel, the vessel should "pproach
North passage, by steering for the northern extreme of the Urcaksca
islands, and pass between them and Boil rock, or stecr for the South JS
passage anu thence in mid·channel to llramble cove, which is easy of
aCC{'S3 [rom either passage. Doth sides of this cove arc bold, and may be
approached to OIlC cable in dcpths of 24 feet (7m3). .

Chari 1079.
COAST.-Aspcct.-From I1illiard head (poge 269) the Coast trends 40

somIH,outh-eastward for about 12 miles to South West cape, the south..
weStern cxtremity of Tasmania. The land is mountainous and presents
a barren and desoh!te appearance, see views [32), (33).

Windowpane bay, about midway between Hilliard head and South
Wcst cape (43" 35' S., 146" 03' E.), is so called on account of the glistening 4$
mica schist of its hillsides. Seen with the evening sun shining on these
wide expanscs, this apt designation can be fully appreciated.

[Chap. VlII.274 PORT DAVEY

CIlart 3411, plan of Batllllrll cllannel, Ill.., 2.
about I ~ miles northward of its entrance eastward of Opossum point.
It. southern end afTords a useful anchorage for vessels of moderate
d~aught.. ~ith good protection from uorth-westerly wind" which blow

5 with eOMlderable force between Little Woody islet and the western
end of The Narrows. A 16-foot (4...9) patch lies auout 3 cables south.
8Outh:'castward of Pauline point, situatcLI about 4 cables northward of
OPO%UIH point. About 6 c~lblcs northw:Jnl of the former point is Hehir
islet,C4,r 19' S., J.l6" OJ' E.), frolll which reefs exleud ahout a q,mkr of

10 a IllIle north-eastward. l ..indsay hill, 525 feet (loOrnO) high, rises ahout
one mill' nnrth-north-wc~tw;,rd of Farrell point. A spit, with dcpt"!; of
le~s than 18 feet (51115) over it, and a rock, which dries 2 [('ct (Om6) on its
outer end, extends about 2 cahles south-westward from a point'lhout
3 cables wcstw;uu of Lind~ay hill. Cone jsld lies ahout one cahle north.

15 ward of the 2-foot (Omu) drying rock. Ahollt 4 cahks northward 'Pauline
voint a",1 COlle hlct~ sVits .with depths of less than IS feet (5onS) over
them, extend from either Side of the bi.ly,almost joining to form a har.

Spring r~\'cr, which flows into the ht:ad of the bay, is navigahle hy
boats draWing lip to 5 (Ct't (lmS) for about 3~ miles, hut the bar ;1t its

20 entrance should be navigated with caution, keeping about 90 feet (27'114)
from .th~ hluff 01.1 its eastern. side. Thcchnnncl::1t the head of the bay,
dose mSldc the fiver mouth, IS very shallow and dries in places.
Cltarl 3,lll, plllll of lIalitursl dlll/lIlel, sltrrt 2, alld 1'11111 of Tlte Narrow,.

The N:UfO\\'S, from its western entrance hctwcc..'n F.urell point and
25 Jo::IO point, trl'nds abollt 2 miles eastward where it 0PCIlS out into BOlt...

lum.t harbour between PJrltyp1l5 point and Nix50n point. The- fairway
through it, whkh is ks~ th;m half a cahle in wiJth at the westcrn cnlr.lIlec.
follO\vs the general contour of its shores, it::; least width bein~ :thr~agt
Eve point, on the southern shore :lhollt three-quarters of a mile cast-

30 ward of Joan poillt; shoal hanks extend .some distance from its points
more cspc~ially from :l point on the southern shore ahout 4 cahh"~s Ilorth~
westward of Nixwn point, wllCrca reef, with GlIll islet at its Otll(:r end
and a shoal h;l!Ik, ex!<'nd hnlf \vay across the channel. l\-lount nll~hy, on
the lJ(,rtllern ;;ide of The Narrow", i. 2,521) feet (76Sml) high and rugged.

35 topped; it is pl'ceipitol1s 011 ,,11 ~idt·.s, CXCl:pt on its northern side. l\lcHlnt
ncattjt~, f)SS kct (2 f

) Illll) high, rise.:; 'lhout three-quarters of a mile south...
we:;twanl of Ni,,;ou poiut (./.10 21' S., 146" OS' lq.

IlHlcntatinns in the northt'rn shore of The N:trrows are Ila bay dose
eastward of F.:trrdl point, and St:lrv<1tion hay ahout midway between

40 Fflrrcll point ~l1d Platypus point, and in the southern shore, Clyte cove,
bctwct~n 10;111 point ;tlld Eve point, ana lola oay, about half a mile cast..
&Quth-tat~twJrd of E\,c point.
Cbarl .;.tll, 1'/cm '1 B((lb"rsl barbollr.

Bathurst h~rbour.-Fromthe enstern end of The Narrows, Bathurst
4S harbour extends ahout 4 milts eastward; apart from a l3-ft)ot 01110)

roeky patch ",ar its centre about I ) mil"s east-north-easlIvard of Platypus
point, it has a very even bottom, with depths of from abollt 18 to 27 feet
(5rnS to 8m2), the deeper water bt-ing in its e;lstcrn part. Immediately
eaotward of The Nnrrows, the depths ,decrease very rapidly to from
15 to 21 feet (4..6 to 6...4). With north-westerly or westerly winds, a
very short and steep sea, dangerous for boats, gets up very rapidly in the
harhour.

Cckry Top islatv.h. six in number, with \Vhitc rock. which is con...
B"'lieUOU'J, ChHC oIT their north western cnd, lie in the south\vC'Hern
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igun: z5 - Dnjnage. This map "'as produced by reduc:ion of the blue plate on the I : 500,000 map. Some inequalities of representation msy
be expected due to variations in the stand~rd of m~pping but thl: overall impression is COrrect.
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\\'OOD-L"SI~G I:"DUSTRIES

The values of produ-c:tion have been taken from annual
reports of the Forestry Commission. Total value has risen
from £5.9 million in 1947/43 to £32 million in 1961/63
(~ee Figure 70). In 1960,61 the nlue per head of population
was £ 16,4 compared with the Australian ave.rage of £5.0.

Sau'l: timber and /)~)'w{jod: A little oyer 300 million feet of
logs are used each Year, two-thirds coming from Crown lands.
Of the sawn timber produced, not qui'te half'is e.xported,
main!" to Victoria.

p"ip and Paper: Fine \".. ritings and printings -_. Production
st:irted at Burnie by Associated Pulp and Paper Mills Ltd,
in 19;8. Output has now reached 86,000 tons a year. E.
deiegatensis makes up the bulk of the -wood used, most coming
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(ii) northeast from the Tamar estuary to the east coast
and from Ben Lomond to the plains along the north
coast. Forests on basalt have been cle:lred fer farming
around Scottsdale :lnd in the Ringarooma valley;

(iii) HUQlI·Dcr.Jent-a zQ·mile'-wide strip stretching
for I 10 miles from Lake St. Clair to the south coast.
Two important outliers are South Bruny Island and
the Tasman Peninsula. The forests along the Huon
Estuan' and lower D'Entrecaste:lUx Chan;.}el were the
centre 'of the e:uh' sawmiJling industry' and the State's
most ad...-anced and extensive areas of eucalypt regrowth
occur here, E. glolm/us is locally abundant.

Figure 69 - Distribution of forests, with isohyets for 30 inches and
60 inches indicated. .

Figure 68 - Disttibution of State Forests.

RESOURCES

THE .."RE.... OF Tasmania's forests is estimated -at 7.8 million
acres, or 47 per cent of the State. At 30th June, 1964, 1.5
million acres had been dedicated as State Forests (Figure 68).

The distribution of the forests is shown in Figure 69,
where thev are divided into t\VO types, based on the Vegeta­
tion Map (page 3I). The rain forest type includes rain forest
and eucah'pts with an understorey of either rain forest species
or so-called wet scrub (Pomaderris ape/ala, Olearia argoph]lla,
Acacia dealbata, and so on).

By far the most important component of the forests is
provided by the eucalypts, with delegatensis, obliqua and regnons
the species Df greatest value. In general, the better guality
forests (mature tree height above 135 feet) grow in regions
between the 30 inches and 60 inches isohyets. Rain forest
species, of which myrtle U\iothojagus cunninghamii) is predomin­
ant, appear as t:nderstore\' trees with rainfall at about 45
inches a year f:~d exclude the eucalypts over large areas with
the rainfall above 60 inches. Below 30 inches the forests
have gicbuius, linearis, obliqua, OI'ata, pauciflora and t'iminalis as
the main eucalypts with a future as pulpwood and fuel,
except in the more favoured sites where some saw-logs and
poles can be cut.

There are three trulin commercial forest zones:
(i) northRut from Deloraine to Marrawah and in­

wards from the coast for 30 miles with tongues back
for 50 miles (e.g., j\Iersey nlley). Large areas of forests
on soils derived from basalt have been cleared for
farming;

CG'- I
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i:ir~ugin~ oysters, U~Clr catel1 y~c~G:r~g ne2.r~y 'l..r"lree anu U:1:;'
hali million o\'Sters annualh-: in the same year over eight
million "?-'ere taken in Spring Bay. By 1882 the fishery had
collapsed and the yield thereafter was about 200,00e oysters
annually. Occasionally new beds were found, when the

C65
--!oOO'(xx)l!:s'

.. 2SC.:ro l!>s.
- IOO.!XC lb>.

Figure 80 - Fish landings at main fishing ports, January to September,
1963.

catch curve would rise sharply, only to fall just as steeply
to the former level.

In 1886 Sydney rock oysters (Crassoslrea .commercia/is)
were imponed and set out in a resen'e otT Battery Point near
Hobart, where thev suryived for at least two years. Sub­
sequently other shipments were 'made' from ~ew' South
\Vales and transferred to the Tamar and Derwent estuaries
where theV survi\'ed for some Years. Unfortunately, acclima­
tization \,,:as not successful and these rock onters died out.
Further attempts were made in 1948 to estabiish the Sydney
rock oyster in the Tamar estuary, but these too \\-ere unsuc­
cessful: In 1947, spat of the f~st gro\\-ing Japanese oyster
(Gophaea gJ~f,as) was introduced into Australia and set out
in Pittwater, Tasmania. This oyster has now been introduced
on the Bass Strait coast and ls spreading successfully.

appr9ii'flo.te gear. In 12 years between 1944 and 1956 the
r3.~'~e't'hook feU from 2.01 to 0.99 pounds. In most Tas­
\lan~n ports the fishery is operated on a seasonal basis.
n the first nine months of 1963 more than three-quarters

of the total catch of school sharks (1,039,000 pounds) came
from the Bass Strait area; areas south of Hobart vielded
106,000 pounds and fishermen from t.he three east coast
)Or!S of Triabunna, Bicheno 'and St. Helens landed 146,000
pounds weight of shark.
. \\'hereasthe greater part of th;:: shark catch was taken off
:he nonhern part of the State, more than half of the catch
.35°,000 pounds) of "barracouta" (Leionura atfln) in the first
nine months of 1963 came from areas south of Hobart.
East coast landings were less than half of the southern total
:15 3,000 pounds) and the Bass Strait barracouta fishermen
:aught only 14,000 pounds or one-tenth of the east coast
catch. During the period 1946 to 1950, Bass Strait catches
of barracouta V.'ere much hi.gher than those of the east coast
but in n:cent years southern catches h:n"e been higher than
the Bass Strait ports. In the past 15 years from 1949, the
Tasmanian barracouta catch has fallen from seven million
pounds weight to less than one million pounds. Early
records show that the average weight of barracouta was
formerly greater (six to eight"pounds) whereas the present
run of barracouta have an aver:Jge weight of three to four
pounds. The reason for the change is not generally under­
stood as the same method of catching is still used.'

Australian S'.llmon (Arripis Indta) now ranks fourth in
weight of fish landed at Tasmanian ports (747,000 pounds).
Methods in this fisnery ha\'e changed spectacularly: No
!onger is the catchin;; of salmon dependent on the sighting
of a surfacing school close inshore, as now schools are
observed from searching "spotter" aircraft. The operation
of encircling these schools, not vet seen from the surface craft,
with beach" seines is radio controlled from the aircraft. This
improved technique for capturing salmon has more than
trebled the Tasmanian catches of a few years ago. In 1963
(January to September) the yield was 747,000 pounds com­
pared with 195,000 pounds for I2. months in 1956.

The other beach seine fishery of importance is that for the
sea gar6sh (fJel.'lirhampbus melanocbir). During the first nine
momhs of 196; oyer ZC'j ,coo pounds of sea gari1sh were
landed. This figure represents a considerable increase in
landings oyer those of other Years. The yield from this
fishery~has been rising steadily due to an increased demand
for this qualit\· fish which now proyides the sixth fishery
in this State. The m:lin centres of this fishen' are in the shallow
bays and inlets of the Flinders Island area and of the east
coast.

Less commercially important are hook and line fishery
for flathead (Tmdis bassensis) and the Tasmanian rock cod
(Pqpimltls barvatw) \\-hich \-ielded over 60,000 pounds in
196;, while the set net and beach seine hsheries for trevally
(UsacarafJx nvbilis), Tasmanian bastard trumpeter (Latridopsis
(orsleri) and yello\\·..eye mullet (L'ildrichetta .!orsteri) totalled
75,000 pounds. A small trolling fisher\' for southern blue
fin tuna ( ThunnJls Ihyn!1tls maccoyi) landed 24,000 pounds of
this tuna.

At present Tasmania has little or no oyster fishery but
during the period 186o to 188o there was a lucrative dredge
fishery for the native mud oyster (Oslrea angasi). In the early
days of the settlement oysters 'were collected for food and
the shells burnt for lime·. Bv ;860 a sizeable fishen' for that
period had built up in the ~stuaries of southern Tasmania.
At Southport six to seven boats were engaged solely in
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TASMANIA

Vo... 1"6/7}.
THE MINING ACT 1929

EXPLORATION LICENCE UNDER SECTION 15B

(R~gillaliull 6.\)

036179

ISSUED to S..R.II•. HARV3Y.......................... ..of ..Box.. .221.1., Princ.e.ton., .
Ne~ Jersey, 08540 U.S.A.

m respect of .. 0ne.hu.n:J.reiquare miles of land in the Land District of J!OliTAGU .
and forty ei&~t (148)

vicinity of J::MlQUAlUE. llWOUR..... as described in the schedule hereto. ~

This licence shall remain in force until the ..~Te.Ilty eiglJ,th day oc..P"lge1ll9.e.:r . 19.12.•

i
I
I

This !icence is subject to the following conditions:-

That the licensee shall imnediately on the issue of this licence take
steps to co::mence praliminuy uorl(s necessz.ry. for the investigation
of the area.
Th2t the licensee shall carry out investigations as may be necessary
to deternine the pot.ent!:;,.l of the z.ra2. c;.11d in particv~c.r l1i1.1
co=wsnce a ·recorul~i$s~nce s2~pling of the ~rea for cn~lysis conbined
ui th a survJ:y of tho unier\J?ter to:9ogra:phy. If results "fc..rrant this
",rill be follo·,red. by s~:9ling at much higher densi ty o.nd. measurement
of shallow sediments.
·C'ho.t the license·e shall eDploy such technic8J. an:1 other staff and.
e~UipQ8nt as may be neccss~ry effectively to carry out such investigations.
Th~t the licensee s~~ll frrnlish the Director of I:lnes,.Zobart, vith
coc::'Jlote recor.is incl·v.::lilt.g plf.'ns of drillinz :::-.ni ot~;'3r ~Tor:r 1"rithin
the compass of the progr~'!e of explor8.tion. Sue:l recoms ani p1a.IlS
sh~11 be hel& for oZIici~l 9u~oses during such tUJ~ 2S the ~reas

involve:!' are la.::fully hell by the licensee or as othe~dse agreed to.

Thct the lic8ns~3 sh~11 obse~ie the nrovisions o~ Section 35 of the
I:ines Ins,eotion Act, 1958, with reJ~ri to notification of boreholes
praservation of cor~s ~ dis~osal thereof.
Ii' reQuired. by the Director' of !·:inss, the licence holder Hill f'onrard
lu'Olicate semules of rock an-l r,ineral ser.11lles obtained in the licence.
are~ to & place ap?royed by the Director of Nines.
Th&t a Stc.tement 0-:'" 3~en::li tu..r~;r verif'ie:i bjr St2tutOr'J d~claration

shall be 101gei llith the Di!"2ctor of lIines, I-Iob3.rt, P.t the end. of
eacll c2lendar month from the da~e of this licence.

That such Statement shall be accompanied by a progress report of
operations.
This licence shall app~y to all minerals.
;Jhen no longar reQuired, 2.ill~.rge or daol? excaVJ.tions, p8.rticularly
~~OS9 m~de by bullio~er cr ot~er e~rth movins eQui?D3nt, shall be
:filleiin, or othorlIise ms.de nux'e, in z;.cco:cdai1ce\rit~1 "ehe Eines .
Inspection Act, 1968, ~1 ro~soU2ble ren~bilitation meusures taken
to the ss..tisf'action of the :)irector of :·~ines.

The licensee cllall conduct o~er~tions so ~s not to disturb the
environm,~nt exceryt in so far- as this :may be necess~1:"V to uniertake
the prozr~~e of-e~plor~tion re~lirei by t~is licence:
and in 9articular shall -
(a) not clear al1J- natural veget~tion or make e=cavations which may

be visible fro~ populated areas;

(b) discuss 1ii th the loc~l l1unicipal Council any pro90sal to clear
area.s of natura! vec:etation an:1 shall comply "dita the reasol12.ble
re~Qirements of such Council.
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The llcensee Cll_J..L ODservG ['.nov lnSliruc-,;:,ons "\l.a.J..cn mt._Y Uel g~VL.!l uy ..ne
Direc.l~or of l~inGs "-Iith a viei'; of minimising or preventing d2..ma~e .to
public cr priv~te property.

If it is found, that the operations hereby authorised, ar~ causi~ any
undue dnnasc to, or erosion of, the subject land or other lani. in the
vicinit;r -thereof or are UnnGC8S3arilJrdiGt~,)..roin3the envirol1Jr.cnt, the
Hinister m~y c~nccl the licence without connensation to the licensee
by giving seve::l dajrs I notice in \'Tri tins of his intention so to do.

The licensee s~e.ll -not light o.n3' :fires i1i thout tile approval of the
Rural Fires BoarJ or other relevant authority.
(There any aborigino.l relic or Objects of historic interest are
discovered, operQtions shall be ccnductei so as not to dam~ge or
interfere uith such site or object and details of such. discovery must
be re;:>crJ;e;i to the Director of Hines.
The licensee shall notify the local representative of the Forestry
Commission before enterins on 8. State Parest and shall comply lIith
the reasonable re~uirements of such officer in operations on any such
State I"orest.

The licensee shall not interfere in :!:ny Hay uith native fauna or
bird life.
The licensee sh~ll notify the ouner end occupier of private le.nd.
before entering such land.

T'n.at the security ]Ic'ovided by Section 15B (5) Of the Eining Act, 1929,
(see belou) shall be lodged with the Director of Nines before
enterin.g private land.
~{here investige.tions exe Ulrlertaken near the coastline br in sanJ. dune
areas or where erosion is li~elJ' the fOllowing conditions shall
apply in ~ddition to the foregoing conditions.
(a) B&rth noving equi~TIcnt comprisin~ bulldozer, back hoes, or

similar mech~nical eOUiTID8nt is not to be ~sed and operations
a.re to be cond.u.c"~ei b;r reeans or drilling or by the use of hand
tools or equipnent. .

(b) The licensee shall ccniuct ouerations as not to cause any damage'
to shrubs, trees, or other native flora grcwing on the area
denised •.

(0) Where it is necessa~r to remOve n&tive or other grasses to enable
prospecting ou~rations by borin~ or ctheTI1ise the licensee sh~ll

keep to a ninimun the are& o~ surface to be disturbed.
(d) All surface soil and. grasses shall be stacked separately for

replacement.
(e) All excavaticns shall be filled in as soon as practicable and

surface soils ani grasses replaced.
The licensee shall deDosit an anount of S500 as security that the
conditions contained herein shall be observed. Upon expiry or
sooner deterwin~tion of the licence, if the licenses satisfies the
Directcr.of r:ines that such ccnditions h~ve been ccmplied "ith, the
Director sh~ll refund such deuosit, cr such portion thereof, as he
may determine. . -

SC:~ULE

Ccmmencing at the ~osted notice situate at a north east corner of
the :!.rea \.,l1ose grid co-cr;lin"tes are 320,000 yards ll. 33<·,000 ye,rds
3. thence grid east to 340,000 y2rdS 3. grid Douth to 800,000 yards
H. e.zz,in grid e3.st to lo~'l i'[2.ter ffi2.rk on "'cl~e shOreline of i,Iac(~u2.rie

HaxDour thence by that shoreline of l~ac~u~rie ~arbour aforesaid und
Eirc~ Inlet in 3. gener8.lsouth easterl:T , sonth lTcste:rlJT D.ni north
westerl:'l direction to 803,000 yo.rd.s ]~. f\S8.in 3rid. east to lo~'l IT;]..ter
nt?rk on OC82.11 3e8.c11 thenc'~ b~;r th8.tloi'l 1"13.ter Dar::': in a general
northerly direction to 830,000 yaris IT. 8.g2.in e;rid east to 334,000
yards 3. afcresaid thence ~gain grid south to the point of
cOIT'.J:lencement.

...

~i
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(a)

( . \0,

(c)

(d)

(el

ENDORSEMENTS

are~ embrscei by this licence Ghall be exclusive of:­
All mcmici9~1 ~ni 9ublic r~serves ~ni ro~iw~ys.

All fo~s of t1ini~13 tane:nants :;.nl vrJ..,'.terlicences inclu.d.in,g
le~ses, -;r::.tzr lic8ncas, e:.:""'..serc::nt licences, s~Jeci3..1p.nJ.

ex?lor~tion-licenccs, yroS2ectors licenc8S, miners rights,
·oemits to enter I o-:'1narsconsentG 2.ni a,'rnars ri~ts ~.'l::Iich

,'jere in 12.1'l"£1,.'l possession or illarkei out prior to the d.ate of
!l~rldn::; out of this lice:n.ce.

L80m exem:pt fro? the provisions of the I~Iinin3 Act" 1929 •.

L~ni unier the ;,ational Parl:s ani :Iildlife Act, 1970, not
subject to the l:inil1C Act, 1929.
Ar~·" Ora,'Tn reservations or ot..1Ler land. set apart or ded.icated
for 2.ny public pur-poses.
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"
EXTEHSIon
This licence is extended under the nrovisions
of the l.aning Act, 1929, until the 28th June,

EXTENSION

of Section 15C (6)
1974. n
L ~k0/.N
:mTISTE3. FOR :.;IlIBS.

/7 January, 1974.

I
I
I

This licence is extended under the provisions of Section 15C (6)
of the Mining Act, 1929, until the 28th December, 1974.

MINISTER FOR MINES
J:>! July, 1974.

. ".... ,. - ,

.'.
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EXTRACTS FROM THE PROVISIONS OF THE MINING ACT 1929

Exploration Licences
SJlctION I~. ()) An exploration littl\('e-

I HM effect in telaliOll. to such a,..,:l., and for sum period. a~ the Minister may de~rmille:

II Shall be cnu'llt-d Uptln anu ~ubjeel 10 J;ueh terms and <:<Jndilions .. ~ a~ pi'c-"'rjtm:l jn Ibis section lind weh otllet' lenns
and conditions (includin, condit,ons ~ 10 tlu: feu an'" rent· 10 be paid by the: holder thell;t;>O IK the Minister may
dettrmilK:

~d

1lI While: in forcc-, bas effect 1(1 aUlhnnH the holder thertn!, Wb;cCI to the ~lbservance of the: term~ llnd rondlhon" thncor
and to '''c: ·prOVIS\OIlS (If Ihl5 A~t, 10 enter "pon "nd pass over or acr()l;S era... n Lands and. whjcc! 10 wMccuon
15) of tbis ~clion. tlTivatel:tnds, ",ilhin the anca \0 whicn il relates, and to prO$[IC'ct and !>earch thl:u:on fw $lid!
mining producu as may be:. s!X"cHicd in the licence and 10 dQ .til SIKh OUter .ua and thiJ1j!S as may· be nasot!;Ibly
ra:Cll:~Sllr)' to enable llle hOleer· lhereof to engage in larllc Kille exr!lc:lralion .. orl;..

(4) The holder of an uploralion licence shall. $U&jeel (0 Ihis "el-
I Engage, 10 Ihe satidaction of the Minister, In such aerial, Jeolopeal, or aeorh)"5ie.a1 IU["R~ ,I\d uriNation n tbe

Millj",tel mil)' direct or :lpprove:
II Fumi~ lhe Director with such Periodical reJ'Ott~ .nd rnumt as the ,\filli.slel'" may di,", m appJO\'e:

.nd
m X"," an adequate te=ord of all Of'!eratio!l5 conducted under the 3utllority of the licence. and at ,n reasonablt \irnK

pe1l1Jit Ihe Director, or any oflker aU!IIoriL...tl by the Du"Caor so 10 do, 10.eUll)Jjne those recOTds and i~ any
specimens or 'fll:l.lcriab 'ohl:tined in the coun;e of 'hose opcnltlons.. ,

•(5) The holder of an exploration licenct' ~hall not eiller on 1",j".. re l:utd r~reundcl'" &lnk.u he has lJnn !leCUJlty as provided in
s.ubscl-tion (:!) of sect;(>n sey... nly, and, uJ'On enlennl: on pnYate 13.f1d, is subeet to &c.ctlons KVenly-one= :lnd $eYeDt)'­
IWo., liS if his exploration li~nce were a pennI! unde:r se~lIon seventy.

•
I~ (6) UJ'On appli~alio.. mJtk i!\. Illij.1 bdl~lf by the hol<lerOf a spe~iJl.I·Jlr""'J\tClor's lkence or of an exploration licrnce bcf(lre

Ihe cxpir"\im, Of.'!>" .f"<".JO<l Inr ",:I""h It is gtam('d 10 have: .efleet the Mlni<ter may ('xtend thc:c licen,-e f<:or web
tunhcr pctlO<l or pt,nM.t; and lll>OlI such COJl(lililliK a'i tTe tlun),:s fit but so that in Ihe ea-e of a spe.:ial prospector'!!
licence, tilt:' aJ:;;lel;all: period for .... hiell ttle licence is. and :Ill. ('xle:n5iOlU thereof ;IIr:-, ,nUlled, 1108 nOi ellcced l'lO"lClvc
motlths.

•(7) Where I liC1:ncc:c j~ el«C:ndeil pursnant'10 subsection (6) of this SC'"tion, lhe Millisle, 11/;11)1-

Ion the rccommendal'loll Qf'lhe DireClor, add to: I'lt

J1 Reduce tbe lU"ell of land (omP'lise<J jll tilt; lieern.'e"

•
(8) If tbe bolder of a s!'ecial J'lfospcclor's liC1:nl:C or of an exploration licence lXmtra"eoes or falls 10 eampb WIth Iny or

W provisions, of "'is Act or 3D} of the ler01S. an'" ,;ondmons to wtnch the bt1:nce IS 5l.tb)«t. the Mmis~r may, by
notice in "",iune to Ihe hoMer, revole the h.::eacr.

ill} Wjmtbe «!J'.sent of the holdc-r or a special prosJ>e,'Il'r's HC1:n;c:c Or an Cltploration lloeneo-
J A prospector's lict'nce, mining leaS!', water 1icen~e, or easemml licertee rna)" be granted in mpea ot land Comprised

lhcrcin as j( the special prOlipeClor'S licrncc: or CXplOlaliQn li"ence did 1I0T exist: anl1
'" A Miner's right may be uuci,w. a~ if thc land eampri5Cd in the II'C"iai prospeetol', U~ or uptora.don licence were

ulKlCCIlpicd land..

(JO) SPeriai j)l"D5l'CctW's Ucencn aJIli· explorauon licence' may, ""ilh lite cunsent or thtc MiRister, be traMfefred as pre.crJbcd on
paynlCnt of lhe prestribc;11 fee.

Ru;vunoH.,5) Where a1'Plicatlon is made fw a· special rtQ're\:~or" tin:n~e or :tn exploratIOn hceTM:t', and a licence is ,ranted~
in rc~l"'!'C1. of an area Ie" than that (omril1~ed j n the ;Ipl'lh,"ijjiufT. lire ho1d(,:, ,.·jtbin !l'nll. da» ,Ilfur lhe: issue Of JUCb
h('Cn~-e shaG "!fa to M. d,uum-[IO".t lin amendl.'J lIotice sh\lwjnl the area wh"h he is aUl!IOTizc4 to prospect.

'.

f
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TASMANIA-DEPARTMENT OF MINES

TRANSFER OF LEASE OR LICENCE

I,
of

being the holder of a ...... .. _No. __ .

1929," of a Mining Tenement, containing__ .

___ . , under" The .Mining Act,

.acres, situate at

do, by these presents, transfer and assign all my right, title, and interest in

::'.::~ ~::=s~ha"nd the said lease to· ....
Cleeuv.aliun of tbe
pwposed tran5/l!'~~.

in consideration of the payment to me of the sum oft.

In witness whereof I have hereunto set my hand and seal this

t R ..~ IllRrt t~
amount. or WDSIdeT­
t1mt or Jll,lr..hu.
mont)" dlreetJy or
indj.....,Uy paid. i ..
word~ .t l ..ngth•
• nd el\\lSE' th.. St....P

~:,~ i~' ::e:r~'::~or
with lb.t taw r..J.. llnll'
to Stamp Duties in
force IQr th.. tim,.
beirllt. a\ p ..r &1.1..
on buk hereof.

_____ day oL .. __

Signed, se:-.led, and delivered by the said

..... __ ., ... ..... .in

my presence

__ .. _.. .. _, 19 ...

Si,ature of wt~ .......•...••.... _- •...........................••...............

WE, the abovenamed transferees, do aeeept the above transfer. In

witness whereof the Common Seal of the Company has been hereunto affixed

in our presence, this ... __ . . .. ....... __

.__' .. __ . __ _., 19

_____________ day of

.. .•••••••••••••........................................1

This Transfer was registered in the Offiee of the Director of Mines this

.................... , - .. " - .
Direcior of Mines

NOTE.-The Lease or Licence must accomp.:wy this Deed of Tram;.fer when forwarded
to the Director for Mines for Registration

I

•
__ .. _day oL __ ., 19.. •
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of 27 Paterson street Launceston

in Tasmania Geologist hereby ackno¥ledge thpt I have entered into

the Indenture (a photocopy of 'dhich is attached hereto) on behalf

of the follo"ing persons:

Overseas n'tural ltesources Co. N.J.

Robert P. Lucas

Edifard Go Brady

Hyself

DATZD this day of 1974.

I
I

SIGl:SD by the said SRielE ~OBDI )
)

IHCHAZL H.cRVEY in the presence )
)

of )



DATED

NR. S. R. H. HARVEY

to

HR. G. O. ROOZENDAAL

DEED OF INDEMNITY

1974

SHIELDS HEHITAGE STACKHOUSE & MAHTIN
'.0.

Solicitors,

LAUI/CEaTON.



day of

One thousand •

036186

That he holda the said Licence as S6ent Ear the Principal.

That all ri,~ts and ~ains which may accrue £roc the ~aid Licence

nine hundred and seventy f'our H E 'J.' W :to; E F SliAl\I"B iWHIN HIClU..BL TlAH~Y

o£ 27 paterson Street Launceston in 'l'aamnnia GeoloGist (llereinaf'ter call~d

lithe Principal." which expression ehall '''here the context permits include'

his executors and administrators) o£ t~e one part and Qt~RrJillD aDILIUS

HOOZEFDAAL o£ Bridport in Tasl::lania Fisherman (hcreinaf'tcr cal.l.ed "the

Agent ll which e~pression shall where the context permit:s include his ••

executors and administrators) ot' the other part _

:1 1n'Ijffi5SETII as 1'0110"5 a
'I
!:..!..! The Principal hereby app.Oints the Acent to apply 1'or and obtain on •

behalf' of' the Principal f'rom the Hines Department in Tasmania an ••••••

Exploration Licence for an area of approximately one hundred· equare

miles cove-rinz the Port Davey/ Bathurst Harbour region and also f'or this

f. purpose tosi e" all docqQents necessary to obtain such licence. __

::~ The AGent he~eby ac:cepts $UC~ appointment and will r.lake the said ••

application and do all things necessary to obtain the s~id lieence and
~
";1 to renew or extend. the same when requested by the Principal 80 to do.

!,
~~. 1be Atient by his execution o£ this Indenture hereby acknowledges

:: (a)

I; (b)

or derivative licence will be passed on to the Principal as :!Soon

aa rea~onably possible. _

(0) That he has nO bene:ficial interest in tho said licence. ---------1
(d) That he will transt'er the benef'it of' this Indenture and all 1.1ccnc~s

and. other rit;hts dorived thereunder at any time when requested 80

to do by the Principal. to any person or .persons nominated by the

Principal.
jj

(e) The Principal will re-imburse the A~ent £or all expenditure incurred

by hi.r.1 Which rO:$ults f'rom his carryinG out the terms of this· •••• ~
Agreement and will alao re-imburae the A"~nt £or any expenditure i
incurred by him in carrying out his obliGations under the terms of"a

the said l.iccnce. ~

.!L. Tho Principal hO,..by i>,demnUiea the Acent acainst all claime which I
cay be made aGainst the A{;ent resultinG frolll his holding the Daid licenct

IN WJ:rNESS whereoC the•• p,·o.ente have been dulY executed the day and r
yeCtr ;firstly lloreinbo1'ore written. !I

o
J
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presence of

~..JQj~D J?2"·~lJ.._.l~~Jj D';":' ~V';;;J...i~l) by tho said )
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APPENDIX D
FATHOMETER TRACES

,
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APPENDIX E
CHEMICAL ANALYSES
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:5iJ)Th-:':;~alian Mineral Development Laboratories·

0361~U
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Enquiries quoting AN 3050/74 to Officer in Charge please

NATA CERTIFICATE

REPORT AN 3050/74

18 February 1974

Ptease address all correspondenceto the Director
In replyQuote: 6/625/0-3050/74

Amdel application dated 14/2/74

As listed

14/2/74

A.B. Timms

~
for F.R. Hartley

Director

YOUR REFERENCE:

Officer in Charge. Analytical Section:
,

Flemington Street, Frewvllle, South Austral1a5063
Phone 791662. telex AAa2520

IDENTIFICATION:

mhb

Dr S.R.M. Harvey.
C/~ L.R. Wastell,
207 Paterson Street.
LAUNCESTON, Tas 7ZS0

DATE RECEIVED:

,
I,

I ~
A Th" '·'.0"'0"1 " ,..,,,.,.. by to. N.lio'.' .....'.lio. of.T••li•• 'ulho,it,••.
.. ""uSoualla. The leM(slreported herem have been perf'Jrmed In accordance withTA ilSlerm$ 01 reQI$lration. This dacume"l shall l'lot be reproduced .8J11:Cept in full.
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-gr;?...e.. 036192
-- --_. TheAustralian Mineral Development Laboratories

Flemington Street.Frewville. South AUSl'a:·,G!. 5063
Poone 791662. telex AA82520

PA!l'T !l.EPORT 1
NATA CERTIFICATE

}:." S.:t.H• Harvey
Brx 2211
PRINCETOn
New Jersey 08540
USA

REPOR'! AN 3447/74

Please address all corres.~O"';:e""c.e to the Director

In reply Quote: At;bi62510 - 2447/74

28 March 1974

Enquiries quoting AN 3447/74 to Offleerin Charge please

IDEN'l'IFICATIONr

DATE RECEIVED.

Officer in Charge, Analytieal seetion:

Letter dated 11/3/74

A. listed

14/3/74

A.B. Timma

,

for P.Jl. llartleyn4.,_._ ._ --- ---------------1

c. c. Hr S.R.H. llarvey
C/- L.R. Waste11
27 Peterson Street
LAUNCESTON Tu 7:

pm

~
Th;'1a

T
· Auslrali

A its lem

Dear Sir,

This is to acknowledge receipt of:

*Your order/letter Ref: •••••••• ;..... Dated: -;'-:-•.?:.?v....
*Your samples. numbered·..........•.......•••••..............

'11:J.e work requ.est.ed will be carried out as SOOD. as possible
but 1D the e:re~t,~! ~n.y queries please refer to ,our:

PUe No: .:::.~·.i·.~.. ?..a Job No' t:~,,/ _3 j.:~7/7r.,L'" .. .. ,. .. " .
./...,./ ....,.., -""/.,' 'J~. r/~.i\~""__ ~. /Jo-_, ..~/~

for F .R. Hartley 1
Director.
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1,....:14=-!----'----'~!::..-,.--lI----+----I-~/,~O'=-!----'---+--~,,~"""'<-rl---J---!----'---+---- ~

1-'1-'--5-f---.'---4.L----1----t----+-~/-c-:2'"':~-f--~1--''''''''Y~\--+---1-----+--'-- f
~_+__--.:..L--+_--+---+--!..t:::!_._+_--+-..,..-~+---+:....---+--- ,
116 5 10 ~ t

.20 ~O X [

.ri1~t;HO~L~8~=8[~gi==t====~====~=~b~J;~(=~===~~====~====~====~=== l'

.t--=-2-+-__---::-'lLJ",11()L--1-__-t-__+--P.z~+--_t_~~_t_--+--t_-t
I 3 .q, ~ 40"
.--:4~--~2.=--+--+--J---12~~OH--I--2t-(-l---t----t-- I
I 5 3 /0 \. f1-=-+-----:,.L-.-+----f---f-7-.,+--+-:-:~,:l-..1!----t--t-- ,.
~6-l----'-~"fL-__if_-+--+_---7:;5_\--+-~, ' ~f---+--t-- i

~1-7!-8-+---~~'---+--J-----i-A-f.~~I------'+~~~?;:-'-t----t---t--- ~
=-.L-l----!~-t---_1_---f-4~+_-p~~--t----+--,
.1-!9!!..-\.__-l..,!-+_-+__+-;qA"lk;;~,-~---l------1f---+----t--[
1!l'10~~__~~-+---+--+~",(~"">+----1h~-t---+---t--~
.r114__-..J..q_+_+-_ ___j~/~"i-+-___jf-\V-/__l--_j_-__+_- i

l1~ll2W--J.\IOJJ.L(}--f-___j~-+..E;<:~rJ4-___jf--:-'_l--_j_-__+_--:- t,·

'"13 STO 5/ ~ \ '

1~114tj==~~=~t,==i===jt====t=~~~~;=t===~~~~""(~~=~===~====t=== :
-15 2. ;<0 ~ .

•~116~i=====-.j3[==t===±====i=~/~~';=}~t===j~~~~~jt===~===~~== f-17 4 ·6 '-...\ I
::.!..!...-+c---.::L--1---1----1--'~-l----t-~.l--+---1--+--r
1118 5 In
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ANDEL ANALYTICAL SERVICE

TT Sample No. Mo kg
, 1 1fOl,,,..B_u.IWLJn,---+-_-+__-+---=b~+-_-+-_-{-->-+-_-4___l__

2 8 If) ~
3 q Ih \

6 11 1-5:" ~

8 /3
9 N

10 /5 I~ \/
11 /l.. ~,

12 17 19
13 /g I;; ~J

-,.;,:;..4--+----'-'fq=---+---l-----+--7I'6~--+--+,~...,....;~'¥--I-----l---+--

15 '-0 >. J.:, - ~

17 2 (\ \
18 3 >f""'"

- 19 HOI B II)U Jf{

.---"'.
I~-t---+--,-(-+---l---+--
1'6
12
3n

10

.Id
6 30 x

2 b
1 HOLB JI) c;

5 Ci .
4 sc:
3 . 1

8 2-
7 I

9 3
10 If
11 5
12 b b-. >

13 1
14 ~

15 S'Tt> '1/
16 'l
17 . 40
18 J

19 HOL6 141

/2
10

12
12
15-11;)-



03620~
AMOEL ANALYTICAL SERVICE

-
. JOB II .

B TCH N~ Si0
·jFORM.(i . 3Lf't1 1lt R"uUs in ~pm fJn:t~ss.th~rwis.r s,.,"

TT Sample No. Ma flq
1 H0/.B 14?> I£'

..
2 If !£' "-

5' 2lI3 ~

4 l.. /..2 ~

5 -, b ..~

6 srn ~Q .....>"
7 2 6 .~

8 Cl tiD ..........
9 150 ',2()

10 I /6 \
11 2- ~I() ,
12 3 .21:' "-
13 , lJ If{" ~
14 15'5 X Ie ~

15 h In . \
16 7 b -<.~
17 l? If;"

......

18 q /2
19 ,",OL!=l. 'hO 12
1~ ..,............. ,c:::-_~ ~

1 [HOlB I (, I ~ "-
2 ). ),~ (
3 . J -:.1.2, \
4 If 1'8 \.
5 s 2't ~
6 b . IY "''''7 1 /2 c:
8 g 26 ..... ~
9 bq 1- 2~

........

·,0 "0 ~::',J

11 I ~ \
12 ~ ID \I

13 3 J~ '-.\
14 It I~ ,"\
15 SrO.5"7 "... 16 5 /2. ~
17 (" I.!. "'-J.

18 1 1/)
• lr, I I...J ... I :41 ' r-ry

I
, 1,'; ,

,

I



AMDEL ANALYTICAL SERVICE

,-,'tt\)\.JOB.3't't/' .
J

I

BATCH N! 7/8Result .. in p.. '" ·~n'~ss 'oth,,'WI Sf st~ tf'dF_,! 6 ..., '-t
,

;

f1?oTT Sample No. 110
HQt.P. n'f IS

.

1.
2 fO (S" "'.

. 3 I 15 . - \
4 " P .. ~
5 3 € \
6 sm. 5, '"7 8\1 J..5 ~- I

I

8 S 3 7 ...........!..J

9 ~ /g .
...........v

10 1 /0 I

11 g 10 " ,
12 q 0- . 'I
13 qo I').- . ... \

14 I 10 ~
(0. 1l /5

.

~\15
16 3 20 \

17 If f.? ,,'\
18 S- IS
19 IHOLP. 1% J.l. .

TT :>amlJ'" ..9' ..
1 U~L.L'" /97 ~

2 ~ Ig; ....:..

3 q It (

4 ...::> ...... ~l <
5 " /~
6 ~ Ii< '""7 ~f lfi" .5, °

8 .4 1.2- ....... ......
9 ~ 10 ..........

10 b /~

11 7 12 .. /

12 f? fi v
13 9 /2 '-)
14 _-S-., .5:7 ~".

I~ ~15 /D

16 - /i' !J .... )

17· /.2 . I;, "-J
18 /.!! /0
19 .!J"a· /2

,

I
I



036204AMOEL ANALYTICAL SERVICE·

.Hutts ia pp", untl'$S othl'fWiu· st.1,"

TT . Sample No. If}o.

BATCH N! CJ II !
. 'Ir;,

2 /t:. /l?

4 /P 1.2 \

6 ~. IZ , r

--=78~---.o"'''~'~~-l---l--!-.2_· 1.·---t-:--.~~---+--+---1--
-' /5-. "

9 ., /P

11 "'I. 15 \i

.

1\ "
15 ? Iii,"
16 q (~

·11 Jo /2.
1A 1 IZ

, )
\\

20 7><

2

3
4 €t'-

/4

l,z )

.

- .

...:--5-.- ....

6
7

8
9

10

11

/~ .
I~

15"
/'1

If;;
/~ \

... 11 ? I,
16 7 /t'

•

13

14

12
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BATCH N'

AMDEL ANALYTICAL SERVICE. ~· . fiM~ JOB
• .FO 6 v4N .u~J7 I.t Rnuns i", ppf'l\ uhlcou ot"~rwjs~ Sf.lt~d ////.2.v

I
1~lo /19 II

TT Sample No.

1 /0.L ;,..- ~,S"/ J~·
2 -2 10
3 I~ ..s'7

...,
4 ~~ /21 ~
5 /2.

,
~4'

6 < [J- S--
7 _£- 1.1.. "___ 8 7 10
9 ? I 0

10 9 I (')
.11 _: .An B \. I

12 "
g - 'I--

13 -? $? .
'-

.

_ 14 .; )I Il- l- J
15 4' ,r. :,""-
16 5 ,5 ~
11 ~ I)..

,
C~---

18 7' /0 .
19 W"JR' -< b :'? I~

-"

.'1'\ '"'Ull ......... ._. -< -.
1 #01;.8 02b-9 ,,22. ,

.. 2 70 /,8
3 / If! ,

4 01 ;(IJ )

5 .:I 12 ('
:I-

-6.. . -~-

p /2 \
__ 1 .:S'"'">( ~ ~
8 -- £ IS- "'-

--9.- _. - ----,- - - 7 ~'6 .................. -

-W- . . - - ~ 1.2
9 -------

- IZ11 - -

~f") 2{i{ \J
- -

-l2 - --

-'-..13-- _ .
/ ~a. -'. -

14 ..2- d2 t-.. \

15_ -s.. ~7
,-,

.-
.of ,:(-!) -\16 ..

17 .Li' M \.\
18 S- :<;;;
19 , /.,-o.<f'/ oZ1?L. ».

j­

I
I



AMOEL ANALYTICAL SERVICE 0 3 () ~ U b
Rn"11S i. ppm "~l....'horwi.. ,UI.d .BATCH N!~~

TT Sample No. j'J10

. ..

6 . -- / no:CI..

8 j /5 -
10 .'5- ~(J

11 L 15"
12 ... 7 K

\ .
v

14 ~ .CC. . • q, 4,.~~+---t-~'.J\-1-----t----I----+--
15 IGrr""'"
16 - - I ~ /15 "'"
17 ~ /0 (~

- 19 t£.,r J1 --?"'.4 .22.
.

I
TT Sample No. • •

•

-

-

/g

12

15"-+---+--:;--;-,,-+----+--1---+--

10
1t3

-

5 9

3 7
.- .

4 s>""
~ .. _--.-- .

6 /0
__ • - • __'0'

7 //

16

15 L,o.,. R

13

.
12

-~ .-

2 6

- .
14

--:.';:...9 '--_-: ,__-'~M~t(J...L.!f}&_i- Code 2.0
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TheAustralian Mineral Development Laboratories
FlenirQIon Street. Frewville, South Australia 5CE3
Phone 791662, telex AA62520

PART REPORT 2
NATA CERTIFICATE

Mr S.R.M. Harvey
PO Box 2211
PRINCETON
New Jersey 08540
U~

REPORT AN 3447/74

Please address all corresPOI"Idencetothe Director

In replyquote: AN6/625/0 - 3447/74

24 May 1974

YOUR REFERENCE:

mENTIFlCATION:

DATE RECEIVED:

Letter dated 11/3/74

As listed

14/3/74

Enquiries quoting AN 3447/74 to Officer in Charge please

Officer in Charge, Analytical Section: A.B. Tllmm

for F .R. Hartley
Director

•

c.c. Mr S.R.M. Harvey
C/- Mr L.R. Waste11
27 Paterson Street
LAUNCESTON Tas 7250

plan

I

ThiS laboratory is registered by the Nalional Association or Testing Authorities
A.ustralls. The tesl(sJ reported hereIn have bunperfOflrled in accordance wil~
'15 terms ot re~!strat,on HilS dOClJmenl s~all 1'101 be reprojvced eJC:cept in full



BATCH N! I
AMOEL ANALYTICAL SERVICE

, .

.
Sample

"'-, . Au.TT Np. . - "~ -.

1
10..2 51 - :. - ;. O·"z,

2 II? , - <0. a;:,-

3 'l . -\ 1<0.0.:)

4 bO X .. .. <0. oS-

5 I . '<0·0S"
6 2- I<,,,.o."}

,

7 3 1<0' oS"

s If <o·oS-
9 C) - "0' oS

10 h ~

C'. I

11 1 <.- .. l<o.CS-

~ :.. _;.r I·
12 <c·~

13 sm 109 ~ . -
14 q ~:, - ~ <0' oS-
15 10 'L -~; ~ <0 . {"If)"

16 31'1 " 1-: ;....,~'.:: 1<0 -os-
17 110'8 g2'2.. I - .,.

'J -

'"
r.~·;:' <0' oS-

18 (,,0 X .
1"0' ..:" ".l-

19 tU~ - /?r .L//7J w /J--. lJ
20 .

7/

-_..__ .. . . - ~-~- -_ .. . _- .

, . ,

.. •.-

. i
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ro~ 6 JOB 34ltl /14
AMOEL ANALYTICAL SERVICE

Rt'$uCts in ppm vftl~ss othrl'w; •• sf.a.,.11

036209
BATCH N! I

" rT Samole No.' ,e,; ''''c.. . Cu... Pb .2...
1 b2' kn /2. ~S ... ,

110
12.
IZ;
10

10 ,0 . 'C'. .30 -2,1 C?D 10 JC' .1.0
11 ::2, \ C\ '.. ItRJ ';2. 110 / /? .. I .< f)

13 h~
14 Rr Ie

15

16

t: .. - - -

18 /110 J -c, - C«J( C l.-..w--t-------t---t----t--L!.:.-+f-.--F:.:::..:....::...:+---l-----J.-
19

20

. .-"

... . .-..:.:_~

,

......• ,
..0;- ..- _."' .

. .~­

",'. ' . ' ..-.-.



THE AUSTRALIA:, :'lI~ERAL DEVELOP}IE~T LABORATORIES 0 3 6 2 1 0
x = not. detected at the t~mits quoted

ttPORT Ai, 344J ..:zA..
Results in ppm unless othe~ise stated. Detection limits in ~rackets.

•

l'plUl 91 r.. " ;~ . , , , "",,- . - .
. V

,
W N'o L.. I

So"" Z.,. \\. <b6 &.. ~'\,
Sample •

No
"-'0) I...S>O) l'lo) l\) til IJO)'-"- \,!OO) \J:.o) \.\) \;.>

i

it", ;:) c., I(\n . c;"("\ X <;2..... 10 I 'tt"'\r"I 11,..nnn y I ,,

C:.?. ! \ 0;')
,

\e..... ·'l.C,",,", i "-,- v ~ '\ \00 X .
5~ ~() '!.. 'It - \ ~n 1'1..000 ." '"

~~h. bQ t:.o '!.. 'It \.., 0 I '\~ 1'1 ~oo ," I<..

)':-:S (" ~n "- " \c:;n \ So !'1..000 " I<..
~

"

'oJ PO 'Kn I'l..ol'lo "~ .. : "".., 'It 'lC. .. I X
.. ..

~-4 ,_"l '\.., lC V , c:;,." :3 "'0 ~\ooo J( J(

:-':}-b4 1:;('\ )f ~ '1.0"'" \ '2..0 1'1,00 a " ."

-"
\<::; ("\ !~L S'00'_1 b<:: ~(\ X. ." '2..on ~ " X

7
!?--.OOO I,...-'j.-f:&. ICO ~I"\ X '00 \0 '2.S0 X..

t;"
.

!~,~ I1-' (." 100 "- )( \00 ISO . l(

(_If "'2. '1.c\ " "
- I ~I"'> 1,<::::nO " X

~~q- -~o 1< )( '2..00 \ "'l"'I 1'1,000 )( 'It

1'-~~ '0 9.n "- ." .2-0,-., . \ c:.l"'I h, S"OC >I! v

,1-.. :" ":t\n 100 "- )( "2.-00 I I () () ~,OOO " 'j{ )

\:.• ',p .""l ') <;1.0 )(. "
-go I ~o '1, ClOO )( x )

- -- (
. , . , " . - ..........-.

. .

I .
. - (;~ b..l '<OJ( 11.\_ C-.Ll

6,., \e, A '\ ~ C-A. It..n

bv.. l'J' '\ " Ib I
b. ., ·lL.,\ '" \t.,

rl yY /." ',0)
. , .- r 9 -::: 1 o~- l~,","":; Ie ! ,

~- -- . , .. -' 1""'- ..

-- . ," . ,- ,t....',. ...: ~_.~) - . < -- ';., -- "

- 6' :~
, r - < I .N :'x~';<.... C--- ...::.:. - :'2.- \ -- )

.... "+ . ~ ..... ,

A ' f' ~ .' . -, - ,'- \s: -:. , - !...;:' .... I:"; ..'~.~Y'''' ~( '; ~ -,- . - . > - o ,

Results are semi-quantitative. Element~ apparently present in concentrations of econcm~c

interest should be redetermined by an appropriate. accurate analytical technique.
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TheAustralian Mineral Development laboratories

036211

F1erringlon Street. Frewville. South Australia 5063
Phone 791662,telex AA82520

REPORT COMPLIrrE

DrS.R.M. Harvey
Box 2211
PRINCIrrON
New Jersey 08540
U.S.A.

NATA CERTIFICATE

REPORT AN 3447/74.

PIeasa address all correspondence to the Director

In replyquote: AN6/625/0 - 3447/74

21 June 1974

YOUR REFERENCE:

IDENrIFlCATION:

DATE RECEIVED:

Letter dated 11/3/74

As listed

14/3/74

Enquiries quoting AN 3447/74 to Officer in Charge please

Officer in Charge, Analytical Section: A.B. 'Tilllllls

for F.R. Hartley
Director

c.c. Dr S.R.M. Harvey
C/- L.R. Wastell
27 Paterson Street
LAUNCESTON Tas 7250

plan

~
This laboratory is reg, isfered by the National Association of Testing Authorities.

T
Au.stralla. The lest(., reporled nereln have been p~rlormed in accordance withA i~S terms ot registratIon. ThIS document stlall not tie reproduced elleept '" fUll.



TOTAL DRY WEIGIlI OF SAMPLE RECEIVED

(lbs)

036212

sample

BOLB 319

BOLB 322

BOLB 326

36

35

70
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BATCH N! J

AMOEL ANALYTICAL SERVICE

. o:\\abB ~"",,""\14.
FOsv. 6. ..
TT Sample "- C>,J' --Pb 7.-. C.O AC; Itlo ,"\ ~ ,

. 'J "'7~/? 40 160 6<~~1 ..::. , i I, ,.
C ./1 -;; -::. ~~ - - i

~ . -. .. J.. '

5~
,

I2 '-:0

3 H~c'" "'~ '" . '/;)1} ~'D IOu /,p --I J.f5
4 -;::... '-K

.
f - -- -- - - -

5 ,

6
.J" ; ,

7 I":~.,~ -.

8 C-vv 1/1 .., (~ - Co~!~ ()· ~) _ l,",

9 I+h I' 1O - c.<J ::1e ,~ ;,....
--;

10 'Au - c..od(. [,3
11

12
· . . .

13

14

15 ·

16
'.

17

18

. 19 :

20

. ,~-:

.'-.-,
. . .. . ....

".' -.
'. ;-

.' '. - ."

<.':

. ' .. - ..-.

..
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THE AU~THALIAN M I Nt:.KAL. Ut;.YI:. L.vrMI:.NI L ..... CVn.~i ...H"\I_~

RE PORT AN __....:~:..:.!~..:::;..!-....!.1-t/....!.1....!.4- _
036214

. , - -
I -I'

I

X. I,r iJ f· "~" Yi;;u., Pri\{; HM ~~~Sample
". .,1 ,, • er sUv -- 3 r-4 ...N" . J- I I I..\';.,.c~··- ~-

•

)!-b57 o.'
~ /0 <. 10 00 I 1..l.5' / -I• 3·~ ,

"

,- ~ I :205' I I I •

/2 00 I - I$'O ~. 4- IJ< ; , I

- t)0 ; B
,

(,,0 :1Qo ' , i·q·~ t
. . - Iq 0 0

,- bO ' > R 10 )30 I .. Igo 3·\ ~

~---~T'~>- -g I,

25 ;;225 IClo 3<$'·, r -8 I 3:)' /70 h' .<
,c

il~ --7~ go

JOb
I--t,j,c" -g 35 ' - I 'l> 0 :t., ,( ,

" .
,-----

l'i!-L 30 . . . .
lif- o JOt,)- - II, 0 - 1'11,(.'

,._- --(. -~. I~ 2-0 jJf5' 110 '.2<'",-.1- ".'..
~b ,:, . .

11 </0 30 } ~-' 1( /4..r,s-.- ---

--b ;.~ /?. 15" lao' - ':0 )...,
---t,f'-;,; 'N- lj-5" It./-S"-

,
'to\) )...,. , ~- ::-:' - . ,

---,-G~ '-" g !fO ;105" 100 I 2,. q !>' •

()~ In'''' g ;)fi ICjo ' . L {o ~. I- ,

~LK ~lq : 12- ~30 155 I ~o :l. . t.L :;'

322 ,,'.; g ''<It,) /35' 110
,

~.(,.!>'
I
I

JL-6 31b 12- </0 :J.J .. ~ ~o 0'1 I 2..a~ I
.:- ~ - - 2~ '" I, .,;: ,-:: I~ .' ~ . c:. . __

('•..,;: e2
r ,

'l.r -::.:.: 1'- 3:z.. .- le:-',"'::;r.~,:~ c "

r~\) '> ':
".- ) r: '1- '" r: - ""' _"Z2.- " ': -.- ,..~ -- . -

I
-/""' ,,..;. .~, :. 'Z. - -. ') -. ',:>, ,"- ".;. , ,

I . ': ':, ;. - .-
, ,,'i,~'','" ...... '-'" ., - , c· "oE ~ !<',~~ '. _...

I
.. .. ' - , .

I{ 0:~,.~-,; - _- r.:. -

I

I _I I I I I , t I

I .



---1--- --;---1

---/-.- _·t---t--·

._--f----- "'---1---1

I---+-.--_!_-..,'-!---t-,---I

.

---1,,--,--

Ih"5ults nrc semi-quantitative. Elements apparently prcsC'l1t in cnncentrations of eCOllUlnlc intL~r,·~;t shuuld h~ reul.:.~t(~rnlincd

by an appropriate accurate analytical tl.>chnique. X =>' Not d...'!"f'cted at limit allot'pd.

JOB.' ~".~••4.. 1.'". (1.14-. II . I , I I PflDEl1 ANALYTIfAL fERVrCE I I ~ 11 I i I' : .

: '1 !'-£11~9~1~~!l~~~~~tiro!l!?jl!*.f\'!!j!.!1.§J.~_~_{11E~'t~A.!. '\~-i.~l..A_('-'\.\.?4 : Iwrcn ••.•...•. :~~
F';;'c"!!2. _=. ' lle'lu.!t~ il~~.p..e.m :~~~';,..2;herw!':.:.~~'.l~,!;L=~ll ~.;=(;.U'?J; .1~~~U!~..l.!:.~~~~48i-..,._._..I..,..._ . •..-,.+_t..P

j
SillUphi Nol il~-~ll 'i Ii! l~iJDlIl.k.=!i!!.,III}lllilh-'_"':'-+''-'__+-_!--11--"'-;'!+-.__+-_-\
C=~}~:~=oJ" _. ~----t+---t---1l-r, --+-t-:_+_. ~l!"~,,~t..d..I. '
Co ( 5;..)-1---1----+---+._---.I---I--'~_t---.- _ge ( 0_
;.:N:l.~(:...::.5:..)-l---f---+---I.--..-I----ll---I--. As (50) "_'~_I-__-I-__'_ '-----1----,.-1'--+---1

c,' (20) Sb' (0). ,-...)(,-"--1----1-----.---.. '--1--- ··--+----+---+--+---1 r

V (to) 1--__II--__I-__I-__~-ID:1 'J___._..HtO'_f _

, \y-Q~~- .._X_I-_-1-__-+ {__-+ I--_-1_·.:::re~(2~O~)_t--+--i_-_j·--+---t--+--1

~Io (. 3) __ t-__+ __+ __+ __+ __-t-__-j--,-T."-l--,-L.!.L. ---I----.I---I----I---I--+--t

~111 go_)_ I' {19.Q.L. -----l----t----t----I----t--+--
. bAlI:==]·1'.<.LJ.LQQL.I +__-1__-1-__--t__+ __-t-__1

Nl!,.J1.0L_.X- 1-__j....':N~il~{5'--~O'L)-+----,f---t----I---+--+--t--j
l U _.Ll' "nlie ... )L.~-.- ..--:--. '.--+--II---1---I--+=C~A5.-L!=-I-Q:!>L+---l--+---I---+---t--1

Th (IOOJ" __ " -I ' ...,......._+_~_+-_. -!-__-I

I't (10) __-l_.::K-:{~5!..)_~__-+__-+__+ __+ __+ __I-_
1',!..l!Q)_ ._._ _ Rb (IO )

. O-,,_HClL- ----I----I----'-,---t--I---t--- ,~CS'W{1:}O~J)b;j--_+--_+--+--_j_--r-·--r--1
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Mr. Robin Harvey,
C/O - L. R. W~Etell,
27 ?~t~~s~~ ~:~:A~~

'':.w_.'."J ::.:,_-.... ~. _.c-.. ':'.

Dear Sir,

Macouarie Harbour

740589 - 740595
:-" --<. t=

Please find below results of/assays on Copper,
Cobalt, Silver, Uranium, and ~olybdenum.~

j /-
'_,.'~' C I

L e:: !,JTI,

HCl-B Reg. No. porn.

:"
1- ', , u

-,
L

"

I -
.~ _._~.,.- -'.

::. ~ ...

..:J -.: .J : :.'- -"-'-'--------
2 ~ -::- ; ';.- ,-: ;

,/

<::--.• - --:. I)
, )

._ ;,-'-,; r :./__ ~ r'--:·"';- . ,I ,
) (;,-0 •

65
2~

30
20·
30

30
40

.PJ2!!!.

<'5
16
10
10
<5

9
235

7405'::'9
'590

591
592
593

594
·595

740589
590
591
592
593

594
595

Reg. No.

?
.-"' J

..- ~ ~.

Reg. no.
740589

590
591
592
593

porn.

(10
14
12

<10
(10
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Chief Chemist & Metallurgist.
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Analysis by:

Fee: $35.00

/f->-1t9" :\........-..........

Yours faithfully,



D~purtl1t~nt of mturs.

~lIUl1U.litnl1 &fftu.!i.

2B7 :iIrUtugtnu ~ttrd.

&11Ut4 ~lIUutr.!ltnu 2...1.s.J; J,!g,y. 1914 .

. . TELEPHONES,
Metallurgical Research .. I
Laoor:1t.cJ t"Y ,_, ._ .._•..._ .. _. '. ~-;'i..2
Mines wpectirn .. __ .. .. \ ~ L:~,",

Ezp~v. aDd h:e.;,.nlln<li·(~ {.lr' :C"

Recbtral' of Mind

Mr. Robin Harvey,
P.O. Box 2211,
Princeton, .
NZH JERSZY. U.S.A. 08540

liruliutnuln '.
--0,

V.:>U,"".LO

Dear Sir,

Please find attached results of assays on samples
received from you and stated to be from Macquarie Harbour
and its vicinity unless otherwise stated below.

Reg. No. Your No.

740939 HOLB 343
40 HOL3 ~44

41 HOLB 385
4.2 -..... -- 387~_ .......... ..:..

Descrintion

King R. mouth, mud
.. ", sand

Queen R. in. Queenstown
~i~6 R. above bridge

C·.~ road to Hobart.

Boron has not been determined on 740589
inclusive nor on samples for project R.6S3.
this will be ~dvised later.

to 740395
Results for

Also attached are results for the first two sa~ples

fer ?.cS3. The last sample (hig,~ '.' ..;::..=:~:'.~,\ ,:-, .:~.' been
sampled and will be used f:cr "':;}:e :'L'21: co"~centration teJ"ts
~hen the assays beco:ae k!:.o·..,'n.

The cost of the ;-Iorl: attached is 811 ~ .00, an invoice
for which is enclosed.

Yours faithfully,

qJ~{~>-~ ~
(H. K. we~llngton),
Chief Chemist & 2etallurgist.

Ene.



21st MaYt 1974 ~.,

Assay in g/t. ~

1i2.:. Q!a ~ ~ Q2 M£ !L,9.e !B. Au

rolb 337 52 53 28 ~13 <5 (12 ,0.5 <0.5
338 48 52 15 <13 <5 12 ( 0.5 (0.5
340 1020 110 310 45 57 20 n.d. n.d.
341 1670 60 220 31 25 17 n.d. n.d.
343 1190 150 240 64 67 16 <0.5 <0.5
344- 1270 83 210 50 50 <12 <0.5 <0.5
385 2220 120 220 61 49 <12 <0.5 n.d.
387 28 36 54' <13 <5 17 n.d. n.d.

(no d. not detected - g/t grams/tonne)
!!Q3 R£ Sn ~ 1 ]k Al!.

No. 330 ~50 28 24 54 31 23 (0.5
331 (50 12 <7 67 <'9 21 <0.5
332 <50 12 (7 83 <9 <2 <0.5
333. <50 6 <7 59 <9 <2 <0.5
334 «50 24 <7 62 <9 18 <0.5
335 <"50 14 <7 48 <9 4 <0.5
336 <. 50 70 10 30 110 6 <0.5

/0J?( ,/. .,'Analyses by: • • • • •• • • ..'P?l~f~ ••••••••••••••
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21st rt.ay, 1974

,

R.683 (S.R.~. Harvey)

Interim Report

Samples

The following samples have been receivei for
metallurgical work. They ca~e f~o~ drilli~g tr.eunconsoliaa"ec
top fo~r·.-:etr'32 ~~ S~'::'~:·=Y-.-: :..."_ ~'_'?~ ::~.r?_~ie Harbour.

Reg. No. Your ~o.

740477 HOLE 321 Composite from northern
half of Harbour.

740630 ". -~ ..... 324 Composite fro~ so~th2r~

half 'Jf E?:::b:~..-_:""'.

740854 HOL3 329 ~~:c~i~e rich sample
frow top layer of
sediments.

Result2

140477 140630

Unit :':OL3 321 HOLB 324-

Cu g/t 210 22

Ho " 21 17
Co " 17 (13

U30S " 19 19
I n 1..9 (9
Br It 140 150
Pb n 27 14
Zn It 160 150
Ni " 25 39
As It 40 26
Ag n (C.?" <.0.5
B to follow

g/t = grams per tonne. (ppm. )

~JL.--='~.----
(H. K. Wellington),
Chief Che:'list 3: Hetallurgist.
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Dtpartl1Uut nf !UiUts•

JmuurtSWu <!1lffitt!l.

281 ttMliugtnu ~trtd. , .

6nut1l ~auutt!ltnu .. ?~:'~ ...~::.:r..~ ....~.9?~...
... Z 245't

•

( __ ,Of .

Mr. ?~bin Harvey,
?.~.3:Jx221-,

?:::ir1~et.-·· ,
~"""".~ --

The following are the boron results for sanples
submitted fron I:acquarie Harbour and its vicinity.

R 'Teg . ...;0.

140589
590
591
592

593

Your No •.

330
331
332
333

B ("Onm.)

18

4
24

39
12

594
740595

335
336

1C

'16

The boron results for R.683 {~¢P~es 140411 and 140630
are attached. U f .

Analyses by: ••••••••• ~\~~~~.:•••••••••

Fee Charged: $7.00

Yours faithfully,

HID'l:RA

~O:::::::::==7t----,-~?
(H. K.Wellington),
Chief Cher!list &: Hetallurgist.

Ene.



R. Harvey.

R.683

Macquarie Harbour sedi~ents.

036222

Reg. Iro.

740417

740630

Your !io.

HOLB 321

HOLE 324

B(pnm. )

33

28

. 7
(H. K. ~ellington),
Chief Chenist & Metallurgist.
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Gear at M. Pepper's workshop: rear of C.H. Smith Pty Ltd.,

20 Charles Street, Launceston, Tas.

A 1 galv. can (10 gall,w/lid, containing

& shackle & thimble
block
block
block
block
block
block

sisal triple
sisal double
sisal snatch
sisal snatch
sisal double
sisal triple
thimbles
thimbles

D-shackles
swivels
swivel
shackle

circum.
circum.
circum.
circum.
circum.
circum.
diam.
diam.

3 1/4"
3 1/8"

22 1/2"
1 1/2"
1 1/2"
1 1/2"
2"
1"

large
small
bow

& 4 spare blades
chain wrenches
eye:bolt & nut
pro tinsnips
pro pliers
roof punch
geol. hammer

1 x
1 x
1 x
1 x
1 x
1 x
4 x
2 x
3 x
2 x
1 x
1 x
Saw
2
1
1
1
1
1

B. 1 box containing

Methyl orange
dil. H

2
S0

4
2 dropping bottles

sample bottles

C. 1 sack containing

1
1
6

220
2
1

50

250

roll white cord
roll orange cord
floats
plastic containers
rolls plastic tape
plastic disc
plastic sandw. bags & ties
clear plastic sheet & nails
plastic weather strip
12-dram vials & stoppers

D. I orange plastic sheet

E. I shovel

F. 1 hose reel



l"l'?,~ 036225'"
G. 1 kerosene can

H. 2 coils 2 1/2" circum. blue rope

1. 1 coil 1 1/2" " white rope

J. 1 coil wire rope

K. 6 sacks

L. 22 boxes core sample

M. 1 drum containing Holb 328

N. 3 boxes, lOOOyd grab & land samples

0.' 1 container H2O sample Holb 388

P. 1 roll wire



Gear at strahan in Mt Lyell Engine Shed;

c/o L. Stubbs, Regatta Point, Strahan

V Corer

Tube Corer (bit & valves in dredge)

2" Corer w/ 2 sets detachable fins

Dart

Dredge (& chain in dredge)

Core trays

Core boxes

Sledge hammer

EL peg

Plastic containers 2 boxes

036226

Plastic lids

Sounder skid

2 boxes

2 lengths plastic drainpipe
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',"-.
Flemington Street,Frewville. South Australia 5063
Phl>ne 791662. telex AA82520

NATA CERTIFICATE

Mr S.R.M. Harvey
Box 2211
Princeton
NEW JERSEY 08540
U.S.A.

REPORT AN 282/74

Please address all correspondence to the Director
nNPYQoo~AN 4/625/0 - 282/74

, .

9 September 1973

YOUR REFERENCE:

IDENTIFICATION':

DATE RECEIVED:

Letter dated 11/7/73

As listed

17/7/73

Enquiries quoting AN 282/74 to Officer in Charge please

Officer in Charge, Analytical Section:

for F.R. Hartley
Director

~
This laboratory i.' ....istet.d b~ ttte National A.~$OCiatlon of reStirtg Alith(lritie".

. Australia. The lest(s) t.J)orted herein have been performed in ac:cordant. with
Tits larrns of regIstratIon. ThIs document shall not be teoroduced ._eept In tull.

A .
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BATCH N? 1

AMOEL ANALYTICAL' SERVICE

IhsuUsin ppm unlrss otherwise' .st.. Ud
.0' '. '_., _

C,( Ph Z.. Co I1tl r !Sample No. " ~TT . nd ,'-' ,
1 .u,:h· 5' Jc;·O //.1 I:J. () If) <: I 8".. /~

2 ?1 7&'0 (~ i/O &0 <: ) 4$
3 31, ~?O 19 I~O :?.t; ~ I L.;-O'. :.
4 3~ -,<. ~J.0 I~Jf) fJ::l () ~-t;" I dj )

5 34 JDn :::0 I'? -.... I
I

Ion /0 I
j

6 ?3 "/tJD ()D , bO ~- -:-' I I?~;...,

7 U 600 IJo 170 ;:c? -::: I Ie>..... ;

s-rO.!J .p,
0.

8
9 _./.,' . Ib afllJ JZO I~n /9 -~ / 10

10 lI,.lb. IS' LttlD 12n 2cO I~ I .,.. I 8 I
11 3~ ~

12 P.> H( • - - - - --
13

14 .

15 C,f,>J Ph 2", Co - (cat ~ I

16 flp /10 -Ct::oc/e. .-: .l-

17 -
18

19

20

. _ ...• ,. - ,._-- - . - - --- l- __ '__ -_.. I ._-
' .

..
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Sern~-Quant~tat~ve ~pectrograpn~c AnaLYs~s

THE AUS7R..-'.LlA.'l NIXERAL DEVELO?~!E"T Lf,.BORATORIES
x = not detected at the li~its quoted

REPORT A.'\ 2~?. (7.4-
Results in pp;" unless otherwise stated. Detection limits in brackets. ,R}! 91

q . p
inte~est should be redetermined by an appropriate accurate a,alytical technicue.

Sample Zv" e..u.. Pb z'" A-~ I e.o M'V
No

\.'3.) ':
\,10) ,-O·s.) 1...\) \.?-O) l'V .\) I \..<;S)

lolh. C\ .:<0 i I
'lrI 2.0 ! 1
51 300 I I
t;"t 2.001/ 2..00 J 0:""',0 5 5')0 I 4-00

,('"0 X
.

GQ.O A.I r,L;>l.') - Iit \
fJ..,J,--A" \J'..t..\- !h )(") D bIB<- ('"\!\ 1'-./ ~\\l":- 1·\ \.

!

I I .,

I
I -

1

I

I
I .

I I
I

I •

I .

I I
r Results are seni- uantitative. Elements apnarentlv resa."1t in concentrations of econcoic
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AN4!625/0 - 282/74

'. '-

ANALYSIS
PPM

I J

2

Sample Mark

Holb 39

33

19

3

, . Uranium
U

10

10

10

<2

Heavies Seoaration

A Heavy mineral fraction was prepared from the initially requested
samples eo form the composite.

The heavy fraction at S.G. 3.8 gave 3.957. by weight and is labelled
Holb 53.

The light fraction is labelled Holb 52. Insufficient sample of
Holb 53 was available for Code CI and C2 analysis and for this reason a
spectrographic analysis is given.

Similarly insufficient sample was available for XRF analysis for Zr
and a spectrographic analysis is given for these samples.

Approximate remaining wts of samples is listed. Bromine could be
determined by XRF on 10grms of sample. wi.th a detection of 5ppm. The cost
per individual. sample would be $10.50 Code 04 or $2 per determination for a
minimum batch of IO.Code BI.

Our normal standard for - 80 mesh is the British Standard.

'.

-,' .
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Colorado School of Mines Research Institute
•
!

. PO BOX 112' GOLOEN. COLORADO 804Q1 [SmRI
_ PHONE [3031 279·2581 I I

May 30, 1974

Mr. Douglas D. Jinks
Staff Geologist-Minerals
Cities Service International, Inc.
SZ 1 South Boston, Box 34
Tulsa OK 74102

Dear Mr. Jinks:

As per your request of May 10, 1974, during your visit to CSMRI, the
two samples bearing your Numbers 325 and 327 have been composited, .
blended and analyzed. This composite sample is designated in this
report as "composite head sample ". Following are the results of the
analyses you requested:

SCREEN ASSAY

The composite head sample was wet screened to determine the percent
plus and minus five micron material present. Table 1 shows the results

.of this analyis:

Table 1. Percent Plus and Minus Five Micron Material
in Composite Samole

Size

+S micron
-5 micron

Total

g

3.7212
1,7200
5.4412

wt % (dry basis)

68.4
31.6

100.0

The composite head sample was also screened at 325 mesh to determine
the percent plus and minus 325 mesh (Tyler), Table 2 shows the results
of that analyses:
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COLORADO SCHOOL OF MINES RESEARCH INSTITUTE

l\IIr. Douglas D. Jinks·
Cities Service International. Inc.
May 30. 1974
Page 2

Table 2. Percent Plus and Minus 325 Mesh
in Composite Head Samole

Size (Mesh Tyler)

+325
-325

Total

g

5.85
24.05
29.90

wt "To (dry bas is)

19.6
80.4

100.0

A comparison of the data in Tables 1 and 2 indicates the composite head
sample contains 19.6% +325 mesh (43 micron), 48.8% (-) 43 microns (+)
5 micron and 31. 6% -5 micron sized material.

CHEMICAL ANALYSES

Chemical analyses were performed on the plus and minus five micron
fractions of the composite sample and On the composite head sample.
Table 3 shows the results of those analyses (all analyses performed by
Atomic Absorption):

Table 3. Chemical Analvses

Products Assayed ("!o)
Composite

Element Head +5 micron -5 micron

Cu O. 102 0.092 0.117
Pb 0.009 .0.008 0.037
Zn 0.272 0.305 0.426
Ag 0.0009 0.0009 0.0009
Mo 0.01 0.01 0.01

These data show no significanLvariation between the values for Cu. Ag, or
Moin either of the size fractions. Significant increases in Pb and Zn were
found in the -5 micron fraction in comparison with the composite head
sample.

HYDROMETER ANALYSES

A hydrometer analysis was performed on the composite head sample pri­
marily to determine the percent -2 micron clay mineral material in the



• 036235...
COLORADO SCHOOL OF MINES RE;SEARCH INSTITUTE

Mr. Douglas D. Jinks:
Cities Service International, Inc.
May 30, 1974
Page 3

sample. In essence, all material left in the suspension after 24 hours
should lJe mineral phases haVing specific gravities around 2.65 (quartz,
clay minerals, etc.) and a size of two microns or less. The sample does
contain heavy mineral phases that have specific gravities well over 2.65.
These phases are not amenable to hydrometer analyses; therefore, it
should be realized that the percentage of -2 micron noted may not include
all of the -2 micron material'actually in the sample. In other words,
there may be heavy mineral phases in the -2 micron range that were not
detected by the hydrometer analysis. Two, hydrometer analyses were
performed, one with a deflocculation agent (calgon) and one without.
This was done to check the effectiveness of such an agent on any clay
phases present. These analyses showed that without the calgon additive,
about 8% -2 micron clay material was detected and that with the calgon
additive, about 9% was detected. These values indicate the deflocculation
agent did have some effect on the suspension characteristics of the clay
material in the sample. .

On May 28, 1974, Mr. Robert P. Lucas called and authorized us to analyze
the composite head sample for cobalt and uranium, and to perform fire
assay analyses to more accurately determine the silver and gold contents
in the sample. This work is now underway. .

Sincerely,

M. G. PattengiU
Senior Project Engineer
Chemical Division

Icjm

~ Mr. R. P. Lucas



Colorado School of Mines Research Institute

July 22, 1974

Mr. Douglas D'. Jinks
Staff Geologist - Minerals
Cities Service International,
521 South Boston, Box 37
Tulsa· OK 74102

Dear Mr.. Jinks:

Inc.

I I
i I, l I

~.O BOX 112' GOLDEN, COLORADO BD401 [Sm·RI
PHQNE (303) 2792581 •

CSMRI Project A40519

/'4 r. J; • 1<:> ;
7A:.1 IJ 4\.. J' r4/- ..,,~. ~."?

A ,.~.,. ," ...;..
J,.e; $, ...~ c.. ""....., .. ""

+~... "..&/1 J" .....
. -,.,A". .",_

ott

A letter was sent to you on May 30, 1974, detailing the results of studies
of two small samples bearing your Numbers 325 and 327. On June 14,
1974, two larger samples, representing the two smaller samples pre­
viously studied, were obtained from Hazen Research, Inc. At your
request, the two larger saxnples were split and one-half of each com­
posited into one sample (CSMRI No.3). Studies were to be performed
on this coxnposite sample to determine if the copper in the sample could
be extracted or concentrated economically.

The objective of the work was to perform preliminary xnetallui-gical tests
to determine the feasibility, and develop data that would indicate which
basic process appeared most promising in regard to the recovery of copper
frOIn the composite saxnple.

The scope of the work was to involve initial heavy liquid, flotation, gravity
.separation, hydro-classification, and cyclone tests. An interpretation of
the data derived was to be made and recoxnmendations xnade as to which
process, if any, looked most feasible in terms of copper recove£y.

SUMMARY AND CONCLUSIONS
•

The following sununary and conclusions are based on work performed at
CSMRI on a composite of two saxnples obtained from Hazen Research, Inc.

Chemical Analyses

Chemical analyses of the composite sample showed it to contain:
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•

~~<'.,
Mr. Douglas D. Jinks
Cities Service International,
July 22, 1974
Page 2

Element

Cu
Fe
Pb
Mo

·Zn
U 308
Co

Gold
Silver

Inc.

"I.

0.090
8.930

<0.01
...0.01

0.206.
0.005
0.02

oz/ton (Fire Assay)
<0.005
<Q.Ol

036237

Following is a tabulation showing the best copper concentration ana recovery
results from the composite sample using various processes:

Method

HeavY Liquid Separation
at sp.gr. 2.98

Super Fanner
Cyclosizer
Flotation

Hydrosizer (elutriation)
Acid Leach (Cold HZS04 )

11 Best copper assay.
l/ Best copper recovery.

Concentrate
Wt. % 0;. Cu

(dry wt. basis) %Cu recovery

...
14.35 //~/ 0.23 "\ 39. 1
6.4

I.
0.26 20.1...--; -1 ~

23.5 O.ll 36.8
4.41 0.772 26.7

48.02 0.14 - 81. 2
43.6 .!:.-' 0.082 41.7..- .

" ----- 38.04

M.,

Based on the processes examined, flotation appeared to be technically the
best in terms of concentrating copper but economically unfavorable. Con­
sidering the copper values in the sample to be $1.44 (0.09'70 Cu in the head
and copper at $0.80 lIb.), the flotation reagent cost for the best test (Flotation
Test 2, Exhibit 4) amounts to $2.67. It should be noted, however, that the
flotation system is by no means the best possible that could be obtained in
the laboratory, either in terms of reagent consumption or in terms of max­
imizing the flotation response of the copper minerals.
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The overall particle size of the sample, i.e., 80% -325 mesh and 32%
-5 micron, is too small, and the copper distributed too uniforn{l1:omake
cyclone, gravity, and hydro-classification (elutriation) processes applicable.

The results of the acid leach tests (cold H zS04 ) showed only a 38.04% Cu
recovery which produces a calculated $0.55 recoverable copper value per
ton of feed. An acid consumption of 52 lb. per ton waS required to obtain
this recovery. Even if acid could be obtained at $0. OI/lb•• this test in­

'dicates acid leaching is not economically favorable.

RECOMMENDATIONS

The following recommendations are based o'n work covered by this report.

Owing to the poor copper recoveries obtained using a variety of standard
Dletallurgical concentration and extraction processes, it is recommended
that no further work be done along the lines of conventional practice.

U further work is to be performed, it would have to be geared toward the
development of unconventional or new concentration techniques. Enough
basic research might develop some process or processes by which the
copper could be concentrated economically. However, the development
of such a method is at best problematical and the further expenditure of
funds for this purpose does not seem to be technically warranted.

U further work is justified based on other favorable circwnstances, such
as reserves, potential sale of an achievable product, etc., we would sug­
gest that a continuation of the program should first determine in some
depth the exact nature of the problem that has. prevented obtaining accept­
able grade and recovery. The development of flotation techniques that
would be effective in the fine size range characteristic of this material
should then be given primary attention. It should be kept in mind, how­
ever, that 'selective flotation in this size range has been the subject of
study for many years, and a successful technique has yet to be developed.

DISCUSSION

SAMPLES (GENERAL)

On June 14, 1974, two samples were obtained from Hazen Research, Inc.
One sample weighed 44 lb. (wet weight basis), contained 20.7% :moisture,
and was labeled HRI 6898-1. The other sample weighed 56 lb. (wet weight
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basis), contained 28.60/0 moisture and was labeled HRI 6898-2.
the samples were received in scaled plastic bags.

Sample Preparation

03623"9

Each of

Each sample was split in two portions and one-half of each passed through
a four-mesh screen. then blended. This composite sample was labeled
CSMRI No.3 and was the sample used throughout this study.

CHAltACTERlZATION'OF SAMPLE

The composite sample was analyzed chern.ically and a cursory rn.ineral­
ogical study made to characterize it. Following are the results of these
studies;

Chern.ical Analyses

At your request, the corn.posite sample was analyzed for certain elements •
. These elements and the results of the analyses are shown in Table 1:

Table 1. Chemical Analyses

Element 0/0

Cu
Fe
Pb
Mo
Zn
U 30a
Co

Gold
Silver

0.090
8.930

<n.Ol
...0.·01

0.206
0.005
0.02

oz/ton (Fire Assay)
<n.005
<n.Ol

This analysis was used as the head sample analyses for work performed
during this study.

.
..

-,..........~.~.-
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Mineralogical Analyses

Petrographic microscope and x-ray diffraction analyses of the sample
showed it to contain major quartz, chlorite and mica (biotite, in part),
tninor apetite and pyrite and trace amounts of feldspar and chalcopyrite.
It was noted some of the quartz grains had a greenish coating on them.

No further mineralogical work was performed as it was understood Ha:z:en
Research was to perform a detailed mineralogical analysis.

CYCLOSIZER TEST ON COMPOSITE SAMPLE

A Worman cyclosizer test was performed on the total composite sample.
This cyclosizer consists of a bank of five continuous microcyclones which
act to split the sample into c~rtain size ranges. This test was performed
to determine the relationship of copper distribution in the composite sample
based on size fractionization. Following are the results of that test (see
also Appendix, Exhibit 2, Test 1):

Table 2. Cyclosizer Results on Total COInposite Sample

Size Range "I. Cu
(u) Wt% %Cu Distribution

+34.1 23.5 0.11 36.8
-34.1 +26.6 8.8 0.09 11.3
-26.6 +17.8 7.0 0.07 7.0
-17.8 +11.6 '1.8 0.06 6.7
-11.6 + 8.5 4.9 0.06 4.2

- 8.5 48.0 0.05 34.1

This test showed two basic things: (1) The copper assay in all size fractions
was very uniform, and (2) 70.9% ·of the copper in the sample is evenly dis­
tributed in the +34.1 micron and -8.5 micron fractions.

HEAVY LIQUID SEPARATION

A heavy liquid separation was performed on the composite sam.ple at sp.gr.
of 2.98. The purpose of the separation was to concentrate the heavy m.ineral
phases, which will include copper-bearing phases such as chalcopyrite. In
this process, the composite sam.ple was centrifuged for three m.inutes at 1000

.. " .
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rpm iri 2.98 sp.gr. media. The sink and fioatproducts from this separ­
ation were subsequently each centrifuged three times in the heavy media
(1000 rpm for three minutes). then all sink and float fractions combined
and assayed. Following are the results of the heavy liquid analyses:

Table 3. Heavy Liguid Analyses (2.98 sp.gr.)

Test No.
Wt'%·

(+)2.98 (-l2.98
0/0 Cu

(+)2.98 (-)2.98
-0/0 Cu Distribution
(+)2.98 (-)2.98

1
2

Average

14.3
14.4,
14.35

85.7
85.6
85.65 0.23 0.06 39.1 60.9

These values shaw that 60. 9% of the copper in the sample was left in the
lighter than 2.98 sp. gr. fraction with only 0.23% Cu grade achieved in the
heavy fraction. It may be concluded that this material generally is not
amenable to gravity concentration.

The float fraction (<2.98 sp.gr.) was subjected to a Worman cyclosizer
separation. The test was perforITled on the float portion to deterITline if
the 60.9% copper in this fraction was concentrated in anyone size range.
Following are the results of this test (Appendix, Exhibit 2, Test 3):

Table 4. Cyclosizer Test of <2.98 sp.gr. Fraction

Size Range %Cu
(u) Wt% %Cu Distribution

+34.1 21.2 0.048 17.2
-34.1 +25.5 8.4 0.026 3.4
-25.5 +17.8 5.9 0.022 1.7
-17.8 +11.6 -S.8 0.024 3.5
-11.6 + 8.5 5.6 0.038 3.5
- 8.5 50.1 0.080 70.7

This test indicates that the heavy liquid separation was ITlost effective for
the larger (+8.5 ITllc ron) copper-bearing minerals. This is based on the
data in Table 4 that shows most of the copper reITlaining in the float frac­
tion is in the -8.5 micron size fraction.
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. ·Three superpanner tests were run on the composite sample to investigate,
by means other than heavy liquid, the possibility of accomplishing a gra....-ity
separation of the copper minerals. The superpanner is a shaking trough

. type of laboratory device that simulates shaking tables and other similar
types of gravity separation equipment, but is more efficient and capable
of closer separation than other gravity devices. The machine is adjust­
able as to stroke .. slope, speed, percent solids, etc. Three tests were
performed varying certain parameters (Appendix, Exhibit 3). The results
of these three tests are shown below:

Test

~

1

2

3

Table 5. Superpanner Tests

o/.Cu
Product Wt% %Cu Distribution

Cone. 5.9 0.26 16.9
TaU 94.1 0.08 83.1

Cone. 6.4 0.26 20. 1
Tail 93.6 0.07 79.8

Cone. 5.6 0.22 15.8
Tail 94.4 0.07 84.2

As may be noted from these data, the best results obtained, Test 2, showed
a copper recovery of 20.1% at a grade of 0.260/0 copper.

FLOTATION TESTS

The coznposite sample was subjected to four different flotation tests. The
first two were made without regard to reagent quantities in an attempt to
recover as much copper as possible in the concentrate (Appendix, Exhibit
4, Tests 1 and 2). Following are the results of these tests:
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Table 6. Results of Flotation Tests 1 and 2
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Test
No.

1

Z

%Cu
Product Wt"/o "10 Cu Distribution

Cone. 18.9 0.22 58.8
Tail 81.1 0.036 41.2

Cone. 48.0 0.14 81.2
TaU 5Z.0 0.03 18.8

These tests show that 58.8% of the copper can be recovered at a grade of
O.2Z in lB. 9'70 of the saTIlple. The data also show that 81. Z"/o of the copper
can be recovered at a grade of O. 140/0 by pulling a greater weight of.product
into the concentrate.

A Worman cyclosizer was run on the flotation tailings from Flotation Test
No.1. This was done to determine if the flotation process .was selectively
floating a certain copper-bearing mineral size (Appendix, Exhibit 2, Test
2). The results of that test showed that only 10.1% of the copper in the
comI'0~ite sample was left in the -8.5 micron fraction after flotation (the
cyclosizer test on the total composite sample showed 34.1% of the copper
to be in the -B.5 micron fraction). The test also showed that lZ. 6% of the
copper in the composite was left in the +33.3 micron fraction after flotation
(the cyclosizer test on the total composite sample showed 36.8% of the copper
to be in the +34.1 micron fraction). In essence, this indicates that the flo­
tation process tended to float the -8.5 micron copper minerals ,__as well as
the +33 to +34 micron size copper-bearing minerals •

. The third flotation test involved a higher pH flot!ation system in which the
reagents were added in stages with the pulp pH controlled by additions of
CaO. The results of that test are shown in Table 7.

Table 7. Results of Flotation Test 3

Product

Cone.
Tail

26.9
73.1

"10 eu

0.190
0.046

"10 Cu Distribution

60.3
39.7

The r~.su1ts of this test show the same basic trend as Flotation Tests 1 and Z.
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Flotation Test No.4 involved the desliming of the sample· at 400 mesh Tyler
and making three different flotation tests of the -400 mesh slime fraction
using increasing dosages of NazS, 2-200, 2-6 and MlBC reagents (Appendix,
Exhibit 4, Test 4). The pH and flotation times were held constant. Follo.w­
ing are the results of these tests:

Table 8. Results of Flotation Test 4

Desliming of Sample

Size
(Tyler Mesh) Wt% % Cu % Cu Distribution

+400 32.0 0.088 32.5
-400 68.0 0.086 67.5

Flotation of Slime Fraction

Product

Flotation Test A:

% Cu
er. Cu Distribution

Slime Circuit Total Sample

Cone.
Tail

Flotation Test B:

Cone.
- Tail

Flotation Test C:

Cone.
Tail

6.8
93.2

4.4
95.6

30.9
69.1

0.574
0.050

0.772
0.054

0.178
0.046

45~3

54.7

39.6
·60.4

62.8
37.2

30.6
36.9

26.7
40.8

42.4
25. r

The trends shown in these tests are basically the same as for the other
three tests, Le., .as copper grade goes up, copper recovery decreases,
and as copper recovery increases, weight percent in the concentrate in­
creases. Flotation Test B above yielded the highest grade of any test
performed in this study, but the copper recovery for the overall sample
Was only 26.7%.



COLORADO SCHOOL OF MINES RESEARCH INSTITUTE. .

Douglas D.Jinks
Cities Service International.
July 22. 1974
Page 10

Inc.

036245

Assunling the present price of copper to be $0.80 per pound (E/MJ. June
1974) and using the results of Flotation Test B. in order to recover $0.38. .

worth of copper. $2.20 wort.'t of flotation reagents were required.

HYDROSIZER (ELUTRJATION) TESTS

An elutriation test was perfor,ned on the composite Sal"'?:" tG c.etermine
if the E:;!'_tel' S? c;r. fraction could be preferentially washed from the
heavier sp. gr. fractions. In this test, the sample was placed in a ver­
tical cell and water introduced from the bottom at a rate of 1.5 liters
per hour. Six overflow samples, of about 10 liters each, were obtained
and analyzed, and the residual concentrate in the cell after testing was
also analyzed (Appendix, Exhibit. 5). The results of these tests showed
that no concentration was achieved and that the distribution of copper
was almost identical to the weight percent of material in each sample.

ACID LEACH STUDIES

The composite sample was subjected to a cold acid leach using a five per­
cent H2S04 solution and a two-hour leaching period (Appendix, Exhibit 6).
The results of this test showed that 38.04% of t.'te copper (0.68 lb. of
Culton at $0.80 lIb. '" $0.55 worth of Culton of feed) was 'leached from
the sample at an acid consumption rate of 52 lb. of H~S04 per ton of
nlaterial. Assuming that acid could be obtained for $0.01 per pound
and using the 38.04% copper recovery figure ($0.55 copper recovered
per ton of feed), this process does not appear economically feasible.

It is apparent from the foregoing studies that none of the convenlional
process methods tested will be capable of achieving good recovery and
a saleable grade of copper L'1 a concentrated product. Even if reason-'
able grade could be achieved. on the order of 0.6% to 0.8% Cu, it is
questionable if such a product could be marketed even as feed material
to a conventional concentrator plant. In view of the characteristics of
such a product, the conventional plant would be unable to treat it further
to obtain the usual desired end product of 20% to 30% Cu, and, therefore,
would have no use for such a feed. Leaching could conceivably be tested
furt.1J.er to treat physically concentrated material in the hope that the acid­
consuming constituents present in the original feed would not be present
in the copper concentrate. However. the economic s of physical concen­
tration plus a leaching step (even with materially lower acid consumption)
appear highly questionable.
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It is ?OS 3iole that a much more intensive study of this material might lead
to lnore knowledge and eventually to the development of an effective con­
centration method. Based on the present information, however, the chances
of such a success appear remote and further study is not reconunended. The
overall prognosis of liquid-solid separation and washing efficiencies on this
type of Inaterial is also very poor.

If you have any questions concerning this report, please contact us.

Sincerely,

M. G. Pattengill
Senior Project Engineer
Chemical Division

Icjrn

Ene.

.' .

S. Zaman
Senior Project Engineer
Metallurgical Division
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HeaVY Liquid Test No.1

Purpose: Separate sample into (+) and (-) 2.98 sp. gr. fractions.

Saznple: Composite head sample (CSMRI No.3).

Procedure: 200g of feed was pulverized to -100 mesh and split in half.
Each sample was centrifuged in heavy liquid (sp.gr. 2.98) at
1000 rpm for t..~ree minutes. Three cleaning cycles were
run on the initial sink-float fractions, using the same pro­
cedure. Products were washed with acetone, dried and
combined into composite sink and float products.

Results:

Heavy Liquid
Products.

Head (calc)
Head (Assayed)

Sink (>2. 98)
Float (<2.98

Sink (>2.98)
Float (<2.98

Composite
Sink (>2.98)

Composite
Float «2.98)

Test
No.

1
1

2
2

%
Weight

13.58
81.39

14.31
85.22

%
Weight

14.3
85.7

14.4
85.6

14. 35 (avg)

85.65 (avg)

Chemical
Analysis

"10 Cu

0.0843
0.090

0.23

0.06

%
Distribution

(l00.00)

39.1

60.9'

Observations: All distributions based on calculated head.
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Cyciosizer Test No.1

Object:

.Sample:

Test CondItions:

To observe if there are one or more size fractions of
the sample that may contain major portions of the copper
values.

50 gms. CSMRI ComposIte 3 •

Results:

Apparatus:
Pressure:
Flowmeter Reading:

Worman Cyclosizer
54 Temperature 24
175 TiIne: 21 minutes

Product "!o Chemical Analysis 0/0 Distribution
(size in microns) Weight 0/0 Cu 0/0 Fe Cu Fe

calculated head 100.0 0.071 8.93 100.0 100.0

+34.1 23.5 0.11 12.0 36.8 38.2
-34.1 +26.6. 8.8 0.09 11.7 11.3 13.9
-26.6 +17.8 7.0 0.07 11.3 7.0 10.7
-17 .8 +11.6 7.8 0.06 10.0 6.7 10.6
-11.6 + 8.5 4.9 0.06 11.2 4.2 7.4
- 8.5 48.0 0.05 2.96 34.1 19.2

Observations: The results of -8.5 micron fraction IndIcates that the
copper minerals In thIs fraction might not be chalcopy­
rite. It appears that copper dIstributIon Is very uniform
all throughout the size fractions investigated. .
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Cyclosizer Test No.2

Object:

Sample:

Test Conditions:

To observe if additional copper can be recovered froIn. the
flotation tail (Flotation Test No.1) by size fractionation.

50 gInS of rougher tail froIn the Flotation Test No. 1.

Results:

Apparatus:
Pressure:
Flowm.eter Reading:

WorInan Cyclosizer
54 Temperature: 26
175 Time: 20 minutes

Product
(size in microns)

"/0.
Weight

Chemical Analysis. ..:C::.;u=- _
% Cu %Fe Indiv. Overall

"......r.,
Indiv. Overall

calculated head 100.0 ,100.0 41. Z 100.0 54.5

+33.3 Z1.Z 0.054 7.04 30.7 lZ.6 . Z4.8 13.5
-33.3 +25.0 13.4 0.038 6.36 13.7 5.6 14.3 7.8
-Z5.0 +17.4 9.0 0.038 . 6.00 9.2 3.8 9.0 4.9
-17.4 +11.4 12.9 0.040 6.00 13.9 5.7 lZ.9 7.0
-11.4 + 8.3 7.Z 0.040 6.40 8.1 3.4. 7.7 4.2

- 8.3 36.3 0.OZ5 5.18 24.4 10.1 31.3 17.0

Observations: It appears from the results that an overall 29.40/0 of the
weight of materral may be rejected as minus 8.3 micron
sliInes with 10.1% copper loss.
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. Cyc10sizer Test No.3

Object:

Scunple:

Test Conditions:

Size fractionation of the heavy liquid (2.98 sp.gr.) float
product by cyclosizer to observe the distribution of cop­
per in various size fractions.

50 gm heavy liquid (2.98 sp. gr.) float product from the
Heavy Liquid Test No.1.

Results:

Apparatus:
Pressure:
Flowtneter Reading:

Worman Cyclosizer
54 Temperature: 24
175 Time: 21 ntinutes

% Distribution
Product

(size in microns)
%

Weight
Chemical Analysis

% Cu % Fe
Cu Fe

Indiv. Overall Indiv. Overall

calculated head 100.0 0.058 4.5 100.0 60.9 Hio.o

+34.1 21.2 0.048 1.88 17.2 10.5 8.9
-34.1 +25.5 8.4 0.026 1. 76 3.4 2.1 3.3
-25.5 +17.8 5.9 0.022 2.52 1.7 1.0 3.3
-17 .8 +11.6 8.8 0.024 4.40 3.5 2.1 8.6
-11.6 + 8.5 5.6 0.038 6.60 3.5 2.1 8.2
- 8.5 50.1 0.08 0.082 70.7 43.1 67.7

Observations:
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Superpanner Test No. I

Object:

Sat....ple:

Test Conditions:

To observe if sulfide minerals could be conveniently pre­
concentrated by gravity separation technique.

Approximately 40 gms of CSMRI Composite 3.

Results:

Speed:
Stroke:

zoo rpm-/,. ,
J b-lnC.:l

Forward Horizor,tal Stro~e: 3/4':inch
R"ar Horizontal Stroke: S/8-inch

Product
0/.

Weight
ChemicalAnalysis

0/0 Cu %Fe
0/0 Distribution
Cu Fe

Calculated Head
. Assayed Head

Superpanner Concentrate
Superpanner Tail

100.0

5.9
94.1

0.091
0.090

0.26
0.08

9.05
9.3

37.2
7.3

100.0

16.9
83.1

100.0

24.1
75.9

Observations: Considerable pyrite in the concentrate. Appears to be
good sulfide concentrate,particularly pyrite.

--'
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Superpanner Test No.2

Object:

Sample:

Test Condi;ioas:

To observe if sulfide minerals could be conveniently pre­
concentrated by gravity separation technique.

Same as Superpanner Test No.1.

Results:

Speed: 210 rpm
Stroke: 3/4-inch

Forward Horizontal Stroke: 3/4-inch
Rear Horizontal Stroke: S/8-inch

Product
"10

Weight
Chemic al Analvsis

0/0 eu 7'J Fe
"10 Distribution
Cu Fe

Calculated Head
Assayed Head

Superpanner Concentrate
Superpanner Tail

100.0

6.4
93.6

0.082
0.090

0.26
0.07

9.12
9.3

38.8
7.1

100.0

20.1
79.8

100.0

27.1
72.9

Observations: Change in speed and stroke did not improve either the
grade or the recovery of copper to concentrate.
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Superpanner TestNo. 3

Object:

Saniple:

Test Conditions:

To observe if sulfide tninerals could be conveniently pre­
concentrated by gravity separation technique.

Same as Superpanner Test No.1.

-Results:

Speed: 160 rpm
Stroke: 3/4-inch

Forward Horizontal Stroke:
Rear Horizontal Stroke:

3/4-ir-,':.,
. S/8-inch

Product
cr.

Weight
Chemical Analysis

0/0 Cu % Fe
% Distribution
Cu Fe

Calculated Head
Assayed Head

Superpanner Concentrate
:Superpanner Tail

100.0

5.6
94.4

0.078
0.090

0.22
0.07

8.95
9.3

31.6
7.6

100.0

15.8
84.2

'100.0

19.8
80.2

Observations: Keeping other parameters the same (Test 2). the lowering
of speed froni 200 to 160 rpm has definitely reduced the
concentrate grade and the recovery of copper.

-'
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Flotation Test No. 1

Object: To observe flotation am.enability of"copper m.inera1s (sulfides)
under best dispersed condition and without regard to the quan­
tity of re...gents used.

SlUTlp1e: Approxirna.te1y 150 gm.s (dry) of CSMRI Com.posite 3.

Test Conditions: Light pull of froth.

Three St...ges of Rougher F10t...tion:

Flotation
Time in

Minutes pH

14.5 8.5- 19.0
9.1

3.6

Re...gents: 1bs/ton of flotation feed
Sodium. AP

Ca1gon Silicate NazCO, Z-200 AF-31 z-6 3477 M1BC

3.3 0.7 26.7 0.1 0.3 2.1 0.3 " 1.0

1Total HzS04, ...dded in various st...ges to maintain pH between 8.5-9.1.

2NazS on 100% purity b... sis.

Results:

% Distribution
Cu Fe

% Chemia1 Ana1ys e s
Product Weight % Cu % Fe

C...1culated He...d 100.0 0.071 8.9
Ass...yed He...d 0.090 9.3

Rougher Concentr...te 18.9 0.22 21.5
Rougher Tail 81.1 0.036 6.0

100.0

58.8
41.2

100.0

45.5
54.5

Observations: Sulfide flotation visually appeared to be slow. St...ge
addition of re...gent helps floating additional sulfides.
Considerable amount of pyrite floated in the rougher
concentrate.
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Flotation Test No.2

Object: Atte:mptto float copper :minerals fro:m the total ore with
as high a recovery as possible and without regard to the.
quantity of reagents used.

Sample: Approxi:mately 150 g:ms (dry) of CSMRI Co:mposite 3.

Test Conditions: Heavy pull for froth removal to obtain as high a recovery
as possible.

Three Stages of Rougher Flotation:

Flotation Reagents: Ibs/ton of flotation feed
Ti:me in

1 N S2
Sodium AP

Minutes pH H?SO~ a, Calgon Silicate Na,CO, Z-200 AF-31 Z~6 3477 MIBC

14.5 8.5- 18.5 3.6 3.3 0.7 26.7 0.1 0.3 2.1 0.3 1. 1
8.8

I Tota1 H zS04 in various stages added to :maintain pH between 8.5-8.8.

2 NazS on 100% purity basis.

Results:

•

Product
"I.

Weight
Che:micalAnalysis

0/0 Cu % Fe
% Distribution
Cu Fe

Calculated Head
Head Assayed

Rougher Concentrate
Rougher Tail

100.0

48.0
·52.0

0.083
0.090

0.14
0.03

8.23
9.30

·10.4
6.3

100.0

81.2
18.8

100.0

60.4
39.6

Observations: Note the large quantity of NaZCO) used as Ibs/ton basis.
This is because of s:mall quantity of solids taken. Also
for Golden tap water which contains high Ca++ ions. the
a:mount of NaZCO) needed for pH control is usually high
as compared to relatively softer Ca-hardness water.
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.Flotation Test No.3

Object:

Saznple:

Test Conditions:

To observe the flotation response· of copper zninerals with
several stage addition of reagent and flotation, at a higher
pH (9. 5) of the pulp controlled by lizne (CaO).

500 gms (dry) saznple of CSMRI Composite 3.

Four Stages of Equal TiIne Rougher Flotation:

Total Rougher
Flotation Time

in Minutes
Reagents lbs/ton of flotation feed

CaO 2-6 NazS MIBC CuS04

20

Results:

9.5 5.4 0.24 0.40 0.35 0.40

Product

Calculated Head
Assayed Head

Rougher Concentrate
Rougher Tail

"10
.Weight

26.9
73. I

"I.Assay
Cu

0.085
0.090

0.190
0.046

"I. Distribution
Cu

100.0

60.3
39.7

Observation: pH control by inexpensive lime (CaO) does not appear to
be deleterious for flotation. Note the much smaller
quantities of reagents used in this test as compared to
the other three tests. .
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EXHIBIT 4

Flotation Test No.4

Object: To observe flotation response of sHme fraction (minus 400
Inesh) of the composite sample under various dosage of
reagents.

Sample: CSMRI Composite 3.

Procedure:
COInposite Sample 3 (495.9 gms dry)-- t

400 Inesh screening (wet)

I I I
V ~ 1

- 400 Inesh (sHIne) v +400 mesh fraction (sand)
68.0"/0 by weight of the 32.00/0 by weight of the

cOInposite composite
i

~ -Rougher Tall C

~

I

'1
Eiu:LG..

!
'1

Rougher Flotation C
I

1-
Rougher Cone C

Eart B,,

I
..;.,.,

I

?/
Rougher Tail A

~

.--J!PJJ.Ug(!LJ~qYAl_.PArj;s. ~
I
i"'

part A

\,o-!{

\I
Rougher Flotation A

~
Rougher Cone C

~-,
Rougher Cone B

. V
Rougher Tail B

Test Conditions:

Reagents Ibs /ton of sHrn.e feed
Na,SI 2-200 2-6 MIBCpH

Total Rougher
Flotation Time

in Minutes

Flotation A
2

Flotation B
Flotation C

12
12
12

8.0-8.4
8.0-8.4
8.6-8.7

1.08
2.10
4.20

0.48
0.96
1.89

0.36
0.70
1.42

2.30
4.60
6.30

1
ZNazS (1000/0 Pure).

Two stage rougher flotation six minutes each with 1/2 the dosage of reagent at
each stage after conditioning 10-15 minutes at each stage prior to flotation.
Followed saIne for Band C.
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EXHIBIT 4

Flotation Test No.4 (Continued)

Results:

"10 Cu Distribution
Slime Overall

% %Assay Circuit Circuit
Flotation Test A: Weight Cu Alone Sand &: Slime

Head (assayed) 100.0 0.086 100.0 67.5
Rougher Conc. A 6.8 0.574* 45.3 .30.6
Rougher Tail A 93.2 0.050 54.7 36.9

Flotation Test B:

Head (assayed) 100.0 0.086 100.0 67.5
Rougher Cone. B 4.4 0.772* 39.6 26.7
Rougher Tail B 95.6 0.054 60.4 40.8

Flotation Test C:

Head (assayed) 100.0 0.086 100.0 67.5
Rougher Conc. C 30.9 0.178* 62.8 .42.4
Rougher Tail C 69.1 0.046 37.2 25.1

*Calculated, based on slime head assay of 0.086.

"10 "10 Cu 0/0 Distribution
CSMRI Composite 3 Weig~t Assay Cu

+400 mesh (sands) 32.0 0.088 32.5
-400' :mesh (s1i:me) 68.0 ·0.086 67.5

'.combined Sand &: Slime 100.0 0.087 100.0
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Hydrosizer Test No.1

Purpose:

Sarnple:

Procedure:

To evaluate possible concentration of copper minerals using
a hydrosizer elutriation column.

CSMIU Composite 3.

rpm = 50; flowrate = 1.5 liters/hour. The sample was made
into a slurry and added to the hydrosizer. A laboratory m:::er
was on a drive mechanism for the hydrosizer. After 13 minutes,
the drive was shut off and the cell was used only as an elutriation
colunm. All bulk samples were thoroughly agitated and a re­
presentative sample was removed as an assay sample. The
density was calculated and based on the volume of the respective
sample, the weight distribution was determined.

Results:

Approx- Chemical %
mate Analysis Distribution--_._.-

Volume % Weight Weight Cu Fe
Product Liters Solids 0/0 % % ~ Cu Fe

Head (actual) 2.028 (453.6) 0.072 8.00
Head (calc.) (397.7) (l00.0) (9.086) (8.85) (l00.0) (100.0)

Residual
Concentrate

Sample 9.0 1.535 138.2 34.8 0.096 10.80 38.2 42.5
Overflow Sample 1 10.0 1. 733 173.3 43.6 0.082 7.80 41.7 38.5
Overflow Sample 2 10.0 0.581 58. 1 14.6 0.082 7.80 13.9 12.9
Overflow Sam.ple 3 10.5 0.171 18.0 4.5 0.082 7.80 4.6 4.0
Overflow Sample 4 10.5 0.014 1.5 0.4 0.085 7.14 0.3 0.3
Overflow Sam.ple 5 11.0 0.008 0.9 0.2 0.051 6.32 O. 1 0.1
Overflow Sample 6 10.0 0.077 7.7 1.9 0.064 8.12 1.2 1.7

Observations: The concentrate appeared to have been upgraded slightly.
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EXHIBIT 6

<Acid Leach Test No.1

Purpose:

SaD"lple:

Procedure:

Results:

Determine Cu recovery fro'In head ore and acid consumption
of head ore.

COInposite Sample No.3.

Use 50/0 EzSO, solution. Titrate with standard NaOH solution
to determine acid concentration using Inethyl orange indicator.
Add 100.000 grams (dry wt. basis) of head ore to 400 ml of
H ZS04 solution. Stir for two hours with no heating. Filter
the solution and <analyze for Cu and titrate the solution for
H zS04 strength with standard NaOH solution. Standardize
NaOH solution against a standard HzS04 solution. No washing
of the residue is necessary for analysis of Cu in filtrate. The
residue m.ay be washed with the H 2S04 solution in order to
analyze the residue for Cu. These washings are not to be
added to the original filtrate. Determ.ine m.. e. of HZS04

solution by titration using a pH meter and titrating to a
pH of 3.2.

•

Calculations:

% Cu Recovery (head sample contains 0.09% Cu)

0.0856 gram.s of copper/liter of filtrate :. 0.0856 <x l~~~ = 0.03424 grams

O fh
< . 0.03424 at

of copper recovered from 1 0 g~ams 0 ead <sample.. 0.09 = 38.04'0

Cu recovery.

Acid consum.ption (head sam.ple contains 0:09% Cu)

5% H zS04 solution: before leaching = 70.60 m..e.; after leaching = 61.52

In.e.:. 61.52770.60 = 87.14; 0.05 x400 = 20g of Hl.S04 added:. 0.87 x

20 = 17.40:. 20-17.40 = 2.6g of HzS04 /lOO gram.s of head sample: ~~~ =
x

2000 = 52<lb. of HzSOJton of ore.
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Dr. Douglas D. Jinks
Cities Service International, Inc.
521 South Boston, Box 37
Tulsa, Oklahoma 74102

'Re: HRI Project 1571

Dear Dr. Jinks:

I
3>

I

036262
~~ 28 1914

4601 INDIANA STREET

GOLOEN, COLORAOO~e0401

TELEPHONE 303/279-4501

July 26, 1974

This letter report covers the preliminary scoping work which we
have done to determine the potential for concentrating the copper values
contained in your" Metalliferous Mud" samples.

Sample Receipt

On April 15, 1974 we received, here at Hazen, two 30-gallon drums
of the mud samples. These drums were labeled 325 and 327 and were
assigned HRI numbers 6898-1 and -2, respectively. Samples of the material
in each drum were taken by means of a sample auger to avoid drying of the
material before sampling.

Sample Analysis

The augered samples from the two drums were prepared and assayed
for total and acid soluble copper with the following results.

Sample % Total % Acid Soluble
, No. Cu Cu
~- ~~ ,

';;' ?-/-) 6898-1 0.075 0.031 ?-J
.."

3)7 6898-2 0.092 0.018 ( () )·0 •c:
.~

The acid soluble copper assays may represent dissolution of extremely
fine copper sulfide in addition to the normal soluble copper oxide s.

,

RESEARCH AND DEVELOPMENT FOR THE CHEMICAL AND MINERAL INDUSTRIES
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Mineralogical Analysis
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Mineralogical work on this project has been limited primarily to
examination of sample 6898-2 containing 0.092 copper. While determina­
tion of mineral components was based on those particles coarser than 101-1,
the material examined contained copper only as chalcopyrite accompanied
by pyrite and traces of sphalerite. The material appears to be representa­
tive of the type of material one would expect to find in a tailings product
from a copper flotation milling operation. The sulfides appeared to be

. reasonably well liberated from the gangue constituents, with only minor
amounts of locking.

Experimental Work

To determine the potential for concentration of copper by discarding
selected size fractions, a sub-sieve size analysis was carried out. Data
from this evaluation are as follows:

Size Weight Cu Cu Distribution
Fraction % % %

+30 microns 67.1 0.083 61.8
-30 +20 8.7 0.081 7.7
-20 +10 7.1 0.072 5.8
-10 microns 17.1 0.130 24.6

These data indicate that desliming of the mud prior to concentration
would cause severe losses of the contained copper.

A series of four preliminary flotation tests was carried out on
Sample 6898-2 to check the response of the material to normal flotation
procedures. Details of these tests are shown in the attached data sheets.

,

HAZEN RESEARCH. INC.
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Test F-l Test F-2 Test F-3 Test F-4

Feed assay % Cu 0.094 0.12 0.08 0.09
Feed size Asrec'd -10 Il -400M+10M -400 M+10M
Rougherconc % Cu 0.489 0.25 0.38 0.37
Rougher conc % Cu recovery 57.4 25.0 58.3 49.7
Cleaner conc % Cu 0.885 0.87 0.43 0.44
Cleaner conc % Cu recovery 43.3 10.2 48.1 40.2

These tests, while not conclusive, indicate that the sulfides in the
coarser fractions can be concentrated by flotation. In Test F-l the rougher
concentrate, carrying 57 percent of the copper values in 11 percent of the
weight, was essentially a pyrite concentrate. Attempts to depress the pyrite
while floating the chalcopyrite in the cleaner operation resulted in severe
copper losses with only a minor increase in copper grade.

As expected, the application of conventional flotation techniques
to the minus 10-micron slime fraction was ineffective, yielding a low grade
concentrate with poor recovery.

Additional Test Work

Only a limited amount of test work is currently planned on the metal­
liferous mud samples. A table test will be run on the minus 400-mesh plus
10-micron material to check the possible application of gravity concentration
procedures. Flotation concentrates will be analyzed for zinc content to
determine zinc distribution in the flotation products. A limited test series
employing a novel flotation procedure applicable to ultrafine feed materials
will be undertaken.

We would expect all work on this project to be completed within the
next three weeks.

Yours very truly,
.J' ./'_.-f'

P:'/ ~/:--~/-:- ..~,":"'::>- "", ..... - -/~ ",". .r,A

F. M. Stephens, Jr.
Vice President

FMS/cm
Enc!.

HAZEN RESEARCH. INC.
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HRI FLOTATION TEST
TEST NQ,:, r-l
PROJECT: 15n

TITLE:

OBJECTIVE: Inltlal flotation test

REMARKS:

S..A"'M=PL..,E...:....:;:...""I"'OO"'O..q"-_..6...87"'8o:-"'2_____ DATE . 6/19/74
...::a~s~r.:::e::.ce::.l~v:::e~d PAGE: OF

.!!W.!lAc!.T.l'E.!lR",:-.:;T;:.ap!:-__ MACH INE: Aqlta!;._ B2..!-Y.:..;_2.1.:.;.C:::.:.;.G=. _

HST CONDITIONS-OPERATION' Grind Cond Ro riot Cond I Clnr

illL 'Pebble 2000 2000 1000 1000
IJME. MINLlTFS 10 3 20 5 15 -
nH 8.15 8.15 8.53 7.65 8.30
TEMPERATURE ·C w <:> <:> <:> <:,
-'_-.<:.'~-""

1.0
-

Na - s t ileate - - - -
Soda ash 4.0 - - - -
2-200 0.05 - 0.01 - -

~ z Dr 250 - 0.04 0.04 P.Ol(2) -
z a NaCN - - - p.05 -w .... 180 2"' .... - - - 0.20 -«Ill
w m
",-'

% solids 50 15 14 3 2

-
TEST DRY WT ASSAYS, % UNITS DISTRIBUTION, %WT

PRODUCT ( 0 ) °/0 Cu Cu Cu
Head (assay

.~

- o 094
First cleaner cone 41, 51 4.6 0.885 0.040 43 3
First cleaner tails 57.94 6.42 0.206 0.013 14.1
Rougher tails 802.70 88.9 0.OA5 0.040( 42.6

Head (calculatedl 902.15 100.0 0.094 O. 093~ 100.0

'., Rougher concentrate 99.45 11,02 0.489 0.053~ 57.4

,.===- _.

hrl 50 - 22

-
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HRI FLOTATION TEST
1£91 NO,: r-2

PROJECT: 1\71

REMARKS:

OBJECTIVE:

:!!W~AWT..sE~R,-,:-...;T~a.l!p___ MA CHI NE : Aglta Ir

TITLE; CIties Service SAMPLE i HR16898-2 pATE: 7/1/74

.;-:.;I~O:!:\.l~de:::c:::a:.:n:.:t~m:::a::.:t:::e:.;rl:::a~I PAGE: I OF

BY: I.C.G.

I

TEST CONDITIONS_..,
~3_ATlON Cond Ro Flot Cond 1 Cln

~J'J..L 1000 1000 500 500
TIME, MINUTES 5 10 3 6
pH 6.62 7,27 7,17 7.62

!.E11e~LU.!iL ·C 25 25 25 25
Xan 350 -2,5 m - I ml -
DF 250 3 drol - - -
Na-sil1caie 5 ml - - -

"'z
"'0Z ...
IJJ ....
to",
<1 m ~l:!-'

TEST DRY WT ASSAYS, % UNITS DISTRIBUTION, %WT
PRODUCT ( 9 ) % Cu Cu Cu

Head (assay) -0.09- -
First cleaner cone 3.65 1,3 0.67 0,0121 10.2
First cleaner taUs 27.06 10.2 0.17 0,017' 14:lr
Rougher tails 233.99 66.4 0.10 0,068 75.0

Head (calculated) 264.70 100.0 0,.12 10.1171 1100.0

Rougher concentrate 30.71 11,6 0.25 0.029' 25.0

= , ..

hr. 50-22:
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HRI FLOTATION TEST
TEST NO,:· '-3

PROJECT: 1571

",W""A..,T...E",RW:-.;:X;:e;;,p__..ji MA CHINE :Agltalr

TITLE: CIties Service

OBJECTIVE: Comperlson of meteUurqy: Flotetlon of ~400M +101i) meterlel

REMARKS:

SAMPLE: HRI6898-2 - 400 M DATE: 7/1/74

..;+.:;1.:.01i::..:,,_......:.;10:.;0;.:;0-"11:.._...... PAGE: 1 OF

BY: LC.G.

1

TEST CONDITIONS
--~.-.

-:-'"
QPEflATION Cond Ro Flo Cond ISo Flot Cond 1 Clnr C2.~'L~;~nr

,

ill-b fooo 1000 1000 1000 500 SOD 500 500
TIME, MINUTES 10 12 5 6 5 7 . 5 4

"" 8.40 8.30 8.67 8.65 11.05 ---ro.ro1--'2.2 12.T1

!U!.EER.6T.!J~~ 25 b21~ 25 25 25 25 25 25...=...,......,
O~04·

====='f_ l=:-~ -
~an 350 0.06 0.04 - 0.02 -

NaCO, 2.00 - •- - - - - -. Na-sillcate 0.50 - - - - - - -
"'2 DF-250 0.04 0.02 (4 O. 02 (4 - - - - -
.... 0
z .... I~F65 - 0.01(4 - - - - - -"' ...."'''' ~a.2S - - 0.50 - - - - -.. '"
~~ ~~() - - - - 1.00 - 2.00 -

NaCN - - - - - - 0.02 -

-
TEST DRY WT ASSAYS, % UNITS DISTRIBUTION, %WT

PRODUCT ( 9 ) % Cu ~, Cu
Heed (a s sa v) 0.09

,

- -
Second cleaner cone 64.7 6.13 0.51 0.0313 35.0
Second clenncr taUs 39.8 3.7 0.31 ».0117 13.1
First cleaner tails 38.5 3.64 0.25 ~.0091 10.2
Scavenger cone 11. 7 1.11 0.29 n.0032 3.6-
Scaven<rer ttl 11 5 902.0 85.35 0.04 ).0341 38.1

Head (calculated) 1056.8 100.0 0.09 j. OfJ~4 100;-0
First clGaner cone 104.6 9.9 0,43 o. (1430 48.1

ROugher cone 143,1
,

13.5' 0.38 . 'J,0521 58.3
ticav tall 5 .... ~cav cone 913,7 86.4 0.04 0.0373 41.7- _._- - ='-=~~--=='" ..

hri 50-2.'2
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..
HRI FLOTATION TEST TEst NO.' F-4

IOFI

PROJECT: 1571

iZS,!!.AmM,!:PLI.IE..i,--..:H::;Rl::..=6;:;89::,:8:;.-.::2.!.• ...;.-;::40::,:O:;.M:::..__ IID:aAT.liE..;,--:.:.7/:.:2~/.:.74:-. _

+101.1 PAGE:

,
1TITLE: CIties Service

.OBJECTII/E: Comparison of metallul'lJY:

REMARKS; !W~A!.!T~E,-!RL:,-.:T:.at:.p__ MACHINE; Aqltalr BY;T.C.G.

TEST CONDITIONS----_....,
OPERATION Cond Ro Flat Cond Sv Flot Cond I C1nr

CELL liJoo 1000 1000 1000 1000 1000

TIME. MINUTES 5 12 5 8 2 10

nH 7.10 7.40 7.85 I.n I. I~ 7 ,/~

TE MPE.E!:!J1~J. ·C Z', ., ., ., ., .,
-;~ 0:-03

~~

2-200 0.04 - - - -
Na-slUcate 1.21 - - - - -
DF-250 0.03 0.01 - - - -

"'z AF-65 0.01 - - - - -... a
. Na2S 0.24z ... - - - - -w, Xan 350 - - 0.08 - - -C>'""Ill

\:!..J

TEST DRY WT ASSAYS, % UNITS DISTRIBUTION, %WT
PRODUCT ( q ) % Cu Cu Cu

Head'(assay)'- 0.09 --- -
First cleaner cone 103.34 8.3 ·0.44 0.0366 40.2
First cleaner taUs 46.64 3.7 :0.23 0.0086 9.5
Scavencrer cone 42.73 3.4 0.35 0.0120 13.2
Scavenqer tails 1051. 3 84.5 0.04 0.0338 37.1

Head (calcula ted~ 1244. 09 100.0 0.0910

Rougher cone 149.90 12.0 0.37 0.0452 49.7
-scav cone + scav taus 1J94.11 07.9 0.05 0.0458 50.3

= -- _. - .
hri 50-22:
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PHASE III EXFLORATION PROPOSAL • EL 16/73 & 2/74 MACQUARIE HARBOUR

PROGRAMME

• Broaden project backing, preferably increasing Australian parti-

cipation

• Incorporate; register in Tasmania

• Write and let phase III contracts

• Cancel less mineralized parts ·of licence(s); transfer title

• Prepare environmental study and lodge with trial application for

miniI!g lease

• Further sampling and assaying of 3 ore bodies defined in Phase II

• Sample and assay bay and sub-bottom waters

• Temporarily lease with 30 year option site for shore plant and wharf

• Plan and erect pilot scale plant to treat concentrate

• Obtain pilot scale dredge and concentrator

• Run pilot scale tests

• Design test full scale mining units, plant and support facilities

• Apply for mining lease

• Report on Phase III

• Prepare for phase IV--Mine Construction

•

Sample.

Design

SCHEDULE'

July

August

Sept.

Oct.

Nov.

Dec.

Funding. Incorporate, register. Secure contractors.

Reduce licence. Lease site. Environmental report.

pilot operation.

Construct pilot scale plant.

Run pilot tests.

Design mine. Apply for Mining Lease.

Phase III report. Phase IV preparations.



"
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PROGRAM

Australia:

United States:

Various:

",..-.
,.,."
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. ,

Modify existing proposal
Reduce license 16/73
Bulk sample sediments
Sample baywaters, orewaters, sediment waters
Chemical and mineralogical studies
Beneficiation tests
Pilot plant design and contracts
Beach sampling

Contract modification
Routine reporting and license maintenance
Beneficiation tests
Dredge design and costing
Brine treatment and economics
Expand backing
Define and rank new targets

Reconnaissance sampling ± lease acquisition of
2-3 targets of optim~~ potential; probably in
BritiSh Columbia, Alaska, Iceland or Norway. •
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