b- 2503 036001 o

3

LTI TR T r S ey e b e

Lo
I I !
]

Ay e e |
_ ﬁ:J DEPT. OF MINES lﬁff o
L BEE. M, b 6 i

14

v

29 April, 1986 ' . Elisna 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 Expleoration 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,

Qoo Ject

H. Murchie Esq. S.R.M. Harvey
Director of Mines,
Box 56, Rosny Park,

Tasmania _7018.
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ABSTRACT

In the second and third quarters.of 1973 thé 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 fané
out from-the mduth 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 aré 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.



oD

36664

ey

a | | - -0
® -

The second deposit has yet to be examined in detail, but
appears to be worth $400,000,000, at least. It consists of
brine pérmeating and presumably overlying unconsclidated sed-
‘iments of the bay floor} SPecimenS'from the-ﬁpper four yards
of the sedimént 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 c¢oncentrated in the brine should increase the deposit's value.

. Attempts by iabotatories 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 éediment
await detailed study. If an economical method of extradting
much of the copper contained in these sediments can be perfected,
it will have immediate application in treating tailings at copper
mines all over 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 coppef wofth some $33,000,000,000, occur at mines in the
United States.

It is recommended that wdrk 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



8362060

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.'
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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 sténdard mining procedures, substantial savings -
fesult, 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 coppér 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
concentratioﬁ and retention. Metals are likely to come principally
from gases and liquids of volcanic 6rigin,.ffom weathering and
mining of mineralized terraih and from.organisms associated with
upwellings of nutrient-rich oceanic water. Probable hosts are

sediments forming comparatively slowly under reducing conditions,
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particularly sediments high in sulphides, organic remains of
expanding élays. 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 ésrcontinentallshelf 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 sﬁch an environment biolbgically.
Macquafie Ha?bour, a baﬁ in western Tasmania, Austfalia:
(Figure 1), was selecﬁed'as a 1ikely_target. It is an estuary,
six miles wide, twenty miles long .and up to 180 feet_deep,ral-
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 Harbourlabuts one of the richest knowﬁ
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
Austfalia'S-total copper productidn} and up till a few yéérs 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.
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1.2 Previous work

At least four surveys of parts of Macquarie Harbour ﬁad
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-I
inegring studf 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 inadeguately defined wusing
hydrosonde equipment. Two boreholes were sunk in the same region..
Jar samples of sediment bored are held at Strahan by the
representative of thé Hobart Marine Board but are said to have
been ﬁixed up by local fishermen.

Fimiston Miniﬁg 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 coﬁers an investigation of beach materials
on the spit partially closing the Harbour. Several drill holes
5 to 12 feet deeﬁ were driven info the beadh face, and heavj
mineral contents of the sands recovered were studied. Ilmenite,
rutile, leucoxene, cassiterite, chromite and zircon were shown
to be present. Tonrnages apparently were considered tco small

to warrant continued attention. I note that an insignicant
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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 iﬁ
mine tailings which have accumuiated at the delta of the King
River, in the northeastern part of Macquarie Harbour. ;Some 470
samples weré collected from holes drilled ten to‘twenty feet

into ekposed parts of the delta. Pyrite averages 5% by weight
of the sediment cored. When the bounfy on sulfur production
was removed, Mount Lyell stopped the survey. The survey waé
conducted painstakingly, if in somewhat pedestrian fashion;
results appear to be fairly reliable.

All four studies above are on opén file at the Tasmanian

- Department of Mines.
1.3 Holb survey

The current investigaﬁion began in M&rch_ 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 col;ected
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 unqonsolidated, 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 explofation were
presented to thé participants 1as£ 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.
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2.0 | PHASE II

2.1 Backing

In October 1973, Cities Service International Incorporated
(Appendix A.) expressed wiilingness to join the‘project and to
fund Phase I1I exploration. A formal agreement {(Appendix A )
was prepared jointly by Holb and Cities. Opera%ions began on
10 December when the document waé signed by Holb. Minor mod-
ifications acceptable to both parties. were made later. In essence,
the Agreement grants Cities and any partnersit 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 issués,_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 Adgreement specifies that Phase II
be conducted by Holb according to a mutually devised program,
and that Cities assume increasing respons}bility 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; 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.
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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. iHolb's program got underrway in
mid-December, about one month behind schedule because of delays
in cbnnection 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-
sequentiy did not initiate proceséing studies unti mid-May.
Cities referred the promised mineralogical work to an outside

contractor at the same time.
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The Holb report has been held back to include results of these
seprember
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 sarvices 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 insurancé
for the project. Shields, Heritage Stackhouse and Martin of Cameron
Street, Launéeston, 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 regquirements and are distributed to all
participants and to the Tasmanian Mines Department; Wastell main-

tains a duplicate set of reports and accounts in Launceston.
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"iture reported to Mines totalied US $56,649.5( ,39% of this
sum relating to Phase I investigations and the remainder to those
of Phase 1I. The commitment to Mines for both phases is

Us $34,000. Projéct 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 preéented 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 geoclogy, mineral de-
posits, soils and similar aspects of the diétrict. On the other
hand, qﬁite good approximations at regionai scale are available

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

10
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Q 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 Harboﬁr and its shores, but
detailed-topo maps are available only for northern and eastern
extremities of the Harbour. The Lands and Surveys Depértment in
Hobart avers that outstanding sheets will be released in 1975.

Bathymetric charts of acceptable standafd have been published for

. Bathurst. Harbour, Port Davey,. Macqguarie 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 Macquarie chart. Harvey holds
duplicates and other bathymetric charts. Harvey and Cities each
hold air photos covering the Harbour.

Numerous papers concefning geology, mineralogy, mining énd
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 obtaihed during the course of fieldwork is stored
in Launceston and Strahan, Tasmania (Aﬁpendix F). Contributions
were made toward purchase of the sampling winch aﬁd the electric
thermometer used for measuring bottom temperatures. This was the
léast expensive way of obtaining temporary use of such equipment.
Though the equipment may be borrowed at no cost for futdre work -

it is the property of Brid River Fishing Company.

11
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3,0 ' EXPLORATION LICENCES

3.1 Macquarie Harbour

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

name on Holb's behalf in 1973, has been renewed twice since then
(Appendix C). Each renewal, like the original issue, is for a
period of six months. The latest renewal covers the period
.29th.June,toi28th December, 1974. |

EL 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'Harﬁey, 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 désigﬁates. The Mines Department agreed
that E L 2/74 be covered by programs, expénditure and security
bond relating to E L 16/73, and accordingly issued E L 2/74 under
the same terms ésrthose 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 £he 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.Depaftment 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.
It is recoverable if éxploration is conducted and completed
satisfactorily, All Phase I and II commitments regarding
exploration and expenditure on both licences through Soth'June,
1974, have been met énd-have been accepted by Mines és met.
Renewals in force were granted on the undefstanding 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 $ 473, 25O in
exCéss 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 providéd 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 weeké 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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3.2 Port Davey, Bathurst Harbour '
Contouring Bathymetric charts of this region shows that

most parts of the bottom'élope seaward, conseguently chances are
sméll of finding substantial areas under impounded water likely
to be_stagnant and depleted in oxygen. Sediments collecting
under normally oxygenated seawéter are unlikely to contain much
undigested otganic matter or much authigenic sulfide. In turn,
such sediment has comparitively low ability to trap and retain
metal ions and thus is not é~good-target for énrichment of the
kind found throughout Macquarie Harbour. Whether river sediments
entering the Davey Bathurst bays are rich in metalliferous
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 vears. Holb may undertake
limited sampling in the Davey Bathurst region later, but in the.
light of the discovery regarding its bottom topdgraphy the need

to do soon .falls away .

16
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4.0 | FIELDWORK

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 taxgets'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 .

- fqurth, 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.0. 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 1II). 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 o©f
ship's radar. The accuracy of this method is consistent
with the scale and reconnaissance 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 othér factors. Sediments of high ;esistance
generally.are coarser grained, denser, less porous, iower
in organic matter and lie under less stagnant water than

sediments with lower indices.

19
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Table 1. Core data, 2000-yd grid, Macquarie Harbour

Site Cored Resistance Site Cored Regsistance Site Cored Resistance

1 6! 6.0 31 l6 5/6° 3.9 6l 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 o' : 35 o' 65 17 1/3° 3.2
6 11’ 5.2 36 2% ? 66 9 3/4° 2.7
7 13 1/2° 5.4 37 17t 3.5 67 15" 2.6
8 o' 38 . 0" 68 14 1/2° 3.1
g 8 2.0 39 17° ' 5.2 69 9 3/4° 3.1
10 4" 6.3 40 17 5/¢° 5.1 _ 70 7 3/4! 2.1
11 15" 5.4 41 9 3/4° 4.7 71 0
12 6 2/3"' 5.4 42 2% ? 72 3! 5.7
13 4 1/2° 3.0 43 14* 3.0 73 15 1/3° 1.1
14 0! 44 o' 74 le 1/3° 0.7
15 0* ' 45 11 1/6° 5.4 75 15 1/2° 0.6
16 3¢ 8.0 46 ig’ 5.0 76 12 1/4° 0.1
17 0 0 47 6 2/3° 6.6 77 2% ?
18 o' 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 Awv,, 12 2/3' at 62 sites
cored.
21 11° 4.4 51 19 3.8 Resistance =Feetcored %
22 10 1/3" 5.1 52 17! 5.2 water depth, expressed o:
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’ wverted to corresponding
25 13 1/4' 3.7 55 ig 1/2° 2.4 position on 5-0 normal
scale, x 2. Average
26 3 2/3" 7.0 56 i1 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 17t 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

20
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Co:es were taken with a free-falling 400-1b V-
corer built in Launceston for the project. With fins,
the instrument ié 20 feet 1ong.' 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 é-to-1 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 cbnjunctioh 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 intervais represented by eaéh
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
Summéry:
Holb# Type Locality Site Material
54-318 1-yd core  2000-yd sites,Harbour 1-77 silt
319-321 composite Samples 54-183,N half" 1-43 silt
322~324 composite Samples 184-318,S half" 44-77 silt
325-326 dredge Letke Bay, NE Harbour 3. ore, surface
327-329 dredge Lelte Bay, NE Harbour 5 ore, surface
330-333 channel W Strahan,Harbour Shore 94 exposed beds
334-335 channel E Strahan,Harbour Shore 95 exposed beds
336 composite W Strahan,Harbour Shore 94 pyrite
337-338 channel 2mi NE Strahan,rocadside 96 exposed beds
339-341 grab Teepookana, King River 98 H30,silt,sand
342-344 grab King River, near mouth 97 Hzo,silt,sand
345-383 1-yd grab 1000-yd sites,N Harbour 78-93 siit
384-385 grab - Queen River,LyellHighway 100 H,0, silt
386-387 grab King River,HobartHighway 99 H,0, silt
388 composite Samples 319-324, Harbour 1-77? Decanted H,0
Details:
Holb# Type Region Site . Fathoms Footage Material

54 Core Bay 3 0-3 Silt

55 " " 1] 1] 3_6 L)

56 1 " n " 6"'9 n

57 . " 4 19 0_3 "

58 n L1 ] " L.} 3_6 n

59 L] L1} " 6_9 n

60 3 n " " 9_12 n

61 " ] " 12_15 )

62 6 13 0-3 "

63 n " 3-6 "

64 " w n 6"9 . ‘ ]

65 n " n L 9-11 "

66 " " 7 17 0-3 "

67 " " n " 3-6 "

68 ] " L1} ”w 6_9 [ ]

69 L " " 9-12 "

70 " " " 12-13 1/2 "

71 " " 9 3 0-3 "

72 " i " n 3_6 n

73 - L} " " " 6_8 "

74 " " 1 10 0-3 "

75 " " . " 3_6 “.
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_ Holb# - Type Region Site Fathoms Footage Material
76 Core Bay . 2 12 0-3 "
77 n “ " n © 3-6 "
78 " " n 6-9 "
79 " L " 9_12 "
80 L] " n n 12_15 "
81 .ooo" " 10 8 0-4 "
82 ' " " 11 21 1/2 0-3 "
83 " " . " " 3-6 n
84 n " n ] 6-9 "
85 " ] n " 9-12 "
86 " " 11 21 1/2 12-15 "
87 " " 12 9 0-3 "
88 ” L ] i n 3-5 2/3 "
89 " " 13 3 0-3 - "
90 " " " " 3-4 1/2 “
91 » L] 16 13 0-3 "
92 " " 21 9 0-3 "
93 n ] n " 3""6 "
94 ’ L n " n 6"9 n
95 n ] " " 9-11 "
96 " " 20 27 0-3 "
97 n n " " 3-6 "
98 - " n " n 6-9 "
99 " " n " 9-12 n

100 n " " " 12-15 "
101 " " n " 15-17 1/6 "
102 " " 19 14 0-3 "
103 " " n ] 3-6 "
104 " " " 6-10 "
105 " " 22 12 0-3 "
106 1] - n n " 3-6 . "
107 " " " " 6~10 1/3

108 " " 23 25 1/2 0-3 "
109 n n " " 3ub n
110 n n " n 6-9 n
111 " n " n 9-12 n
112 " " " 12-15 "
113 ] 1] " 1] 15_17 5/6 LU
114 " 24 26 ¢-3 "
115 " 3-6 "
116 ] n n ” " 6_9 [1]
117 ] n " " 9_12 H
118 " " " " - 12-15 "
119 " " " " 15-17 3/4 "
120 n n 25 8 0-3 o

24



636033

e

“  Holb# Type Region Site Fathoms Footage Material
121 Core ‘Bay 25 8 3-6 Silt
122 " " " 8 6-9 "
123 " " " " 9-13 1/4 N
124 " " 29 10 0-3 "
125 [ ] n ] n 3_6 n
126 n L] n " 6"9 "
127 " " " n 9_12 L
128 " " " " 2-13 1/2. "
129 " 28 19 0~-3 1/4 "
130 " 27 25 0-3 "
131 n ] n L] 3-6 L
132 n " ] " 6-9 "
133 n " " L 9_12 ]
134 " " " " 12-15 "
135 n n n " 15-16 5/6 n
136 " " 26 10 a4-3 2/3 "
137 " " 30 9 6-3 "
138 L] " 1] n 3-6 "
139 " " " " 6-9 "
149 " " " " . 9-12 "
141 " A " " 12-15 "
142 " " " " 15-18 1/2 "
143 " " 31 i1 0-3 "
144 n n n n 3—6
145 1] ] 1] n 6"9 n
l4e6 " v " 9-12 "
147 " " " 12-15 "
148 " " . " 15-16 5/6 "
149 " " 32 le 1/2 0-3 "
150 n 1 1] n " 3_5 1/3 "
151 " " 33 24 0-3 "
152 " " " " 3-6 "
153 " " " " 6-9 "
154 n " n L] 9_12 L]
155 " " " " 12-15 "
156 " " 33 24 15-17 1/3 "
157 " " 34 15 1/2 0-3 5/6 "
158 " " 41 9 1/4 0-3 "
159 " n ] n 3"‘6 n
160 " " " " 6-9 3/4 "
161 " " 40 19 172 0-3 "
162 " " n " 36 n
163 " " " " 6-9 n
164 " " o " 9-12 "
165 n ] L] L] 12_15 "
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Holb# Type' Region Site Fathoms Footage Material
166 Core Bay 40 19 1/2 15-17 5/6 Silt
167 " " 39 23 0-3 "
168 n " " ] o 3_6 ”
169 n " n n 6~9 ]
170 " " " " 9-12 "
171 " n " 12-15 “
172 " " " n 15-17 "
173 " " 37 9 1/2 0-3 "
174 n " n n 3-6 ]
175 i " L] n 6_9 "
176 " " " 9-12 "
177 " " " 12-15 "
178 ] 1] " n . 15-17 "
179* " " 43 6 1I/2 0-3 "
180 n " " " 3-6 n
181 " " " 6-9 "
182 " " " " 9-12 "
183 " " " " 12-14 "
184 » " 45 14 0-3 "
185 " " " " 3-6 "
186 n n " " _6'_9 n
187 " " " " 9-11 1/6 "
188 " " 56 8 0-3 "
189 L] n ] L] 3-6 "
190 " " " " 6-9 "
191 " " 56 8. 9-11 5/6 "
192 " h 49 4 0-3 "
193 ] " " ] 3“'6 "
194 " " " " 6-8 3/4 "
195 " " 55 6 1/2 0-3 "
196 L] o " ”n 3"6 L]
197 n " "w n 6"’9 ]
198 " " " " 9-12 "
199 " " " " 12-15 "
200 [\ ] " n [1] 15_18 1/2 n
201 " " 61 i6 0-3 "
202 " " " " 3""'6 n
203 " " " n 6-9 "
204 1] n n n 9_12 n
205 " " " " 12-13 5/;2 "
206 " " 64 9 1/2 0-3 "
207 " " " H 3-6 "
208 [1] 11} Ll H 6_9 L1}
209 L] ] n " 9_12 "
210 " " " " 12-15 "
*179a; wood from sample 179
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0
* Holb# Type Region Site Fathoms Footage Material

256 Core Bay 65 8 1/2 15-17 1/3 Silt
25‘7 n ] 69 5 . 0_3 - n
258 " " 3-6 "
259 " " 6-9 3/4 n
260 " " 72 5 -3 "
261 " " 66 4 0-3 "
262 R n L] W " 3_6 . n
263 (1} " ] L] [1] 6__9 3/4 n
264 " oo 62 6 0-3 "
265 " n " " 3-6 n
266 - " " " " 6-9 "
267 " " " " 9-10 7/12 "
268 " " 60 19 1/2 0-3 "
269 . n L] n " . 3-6 n
270 L] " " 1l 6‘_9 n -
271 " " " n 9-12 "
272 " " " " 12-15 "
273 " " " " 15-16 5/6 "
274 oo " 53 18 0-3 ne
275 " " " " 3-6 n
276 " . ”n " 6~-9 "
277 " " " " 9-12 "
278 " " . 12-15 "
279 " " " " 15-17 3/4 "

- 280 " " 59 11 0-3 "
281 " " n " 3-6 «
282 - " n 6-9 "
283 n " " n 9_11 ]
284 " 58 10 1/2 0~3 "
285 n n L] " 3"6 "
286 n n L] " 6_9 n -
287 " n n n 9-12 "
288 . . " " 12-15 "
289 . % n n n 15”17
290 - " 52 19 1/2 0-3
291 o n " n 3-6 n
292 n " " [1] 6-9 [+ ]
293 bd n " n 9-12 "
294 n " " n 12_15 w
295 . " n " " 15-17 "
296 " " 47 14 1/2 0-3 .
297 " " " " 3-6 2/3 "
298 " " 46 20 0-3 "
299 " n" n " 3-6 n

6_9 "

3 0 0 (13 ] n "
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" Holb# Type Region Site Fathoms Footage Material
301 " " " " 9-12 Silt
302 " " " 12-15 "
303 " " " " 15-18 : "
304 " " 51 12 0-3 "
305 n L 2 L n 3—6 n
306 1 " ] [ ] 6_9 n
30’7 L} n ” ] 9_12 n
308 " " " " 12-15 "
309 " " " " 15-19 "
310 " " 57 6 1/2 0-3 "
311 n H n " 3_6 1]
312 " " " " 6-8 3/4 "
313 " " 50 9 1/2 0~-3 "
314 " " " " 3-6 "
315 " " " n 6_9 ..
316 n : " ] " 9“12 n
317 " " " " 12-15 "
318 " n | LI n 15_17 ]
319 Composite $#54~183 1-43 14 av* 11 3/4'av "
320 n n n " " n
321 n n " L] " "
322 " #184-318 44-77 9 av¥* 13 5/6'av "
323 L} [ ] 1] (] " n
324 n n " " n
325 Dredge Lelte Bay 3 3 0-1 Py. silt
326 1l LU n H " . n " " n
327 n " n 5 2 n " n R
323 ] n " [1] n n " n [, ]
329 " (1] " " " " 1] L n ]
330 Grab WStrahan 94 Exposed 18' asl Carb. wood
331 Channel " " . 14-18' asl silt
332 H L 1] n 1] 9.‘14 L} asl " . sandy
333 " " " " 43-46"' asl silt
334 " EStrahan 95 " 10-13' asl ", wthrd
335 " " " " 7-10' asl v, fresher
336 Composite WStrahan 94 " 19' asl Pyrite**
- 337 Channel 2 mi NE 96 " Q'twn Sandy silt
338 Grab of Strahan " " H'way silt
339 " Teepookana 98 Surface King R River watex
340 " " ' " " " River silt
341 " " " " " River sand
342 ' " nr. mouth 97 " " River water
343 " " " " " River silt
344 v " " " " River sand

345 " N bay 78 12 3 - silt

* bay average, 12 ftms.
*¥* replacing carbonized wood

29
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 wHo1b# Type Region - Site Fathoms Footage . Material
346 Grab N. bay 78 12 6 Silt
347 " " 79 14 1/4 "
348 w ™ n ] 3 - n .
349 ;] " n ” 6 : "n
350 " " 82 15 3 "
351 " n H 6 L]
352 " 81 15 1/4 "
353 " " L] L1 3 n
354 " " 83 19 1/4 "
355 ” " w n 3 u
356 " " " n 6 "
357 " [} n H 9 "
158 n H " " 12 "
359 " " 84 20 2 "
360 " " " 5 "
361 " n ] 8 n
362 n n ] 11 "
363 " " 85 11 2 "
364 " L " n 5 "
365 " " 86 17 2 "
365 [ H ] " . 5 ]
367 [ ] [ 1] n " 8 n
368 " " 87 9 2 " !
369 n " n " 5 "
370 n " n 8 H
371 n " ] n ll n
372 " " 90 13 1/4 "
373 " " n 1] 3 n
374 ] L1} n n 6 n
375 mw " " " 9 LL]
376 " " 89 20 1 "
377 " ‘ " n n 4 L]
378 n n n n 7 "
379 _ " " 92 8 3 "
380 " " 93 21/2 3 "
381 " L] " " 6 1)
382 L] ] " " 9 n
383 w " Li} [ 12 . "
384 7 Queenstown 100 Surface  Queen R, River water
385 " " " " Lyell H'way Bank silt
386 " } 1.5 mi E { 99 " King R, River water
387 " of Linda " " River silt

388 Composite #319-324 1-77 -2-27 - 0-19° Pore water

30
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ii 1000~yd samples

Inspection of the 2000-yd .cores and of corréspond—
ing assay results showed that mineralization of economic
propértiohs 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 ﬁsing_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 abstrécted when the cores came on deck. By
adding together one such cut bf each of every core sample
taken, three identical composite samples were formed.
FEach composite was collected in a plastic créy bag con-
tained in a galvanized can of l1l0-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
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Figure 6. San{pling
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cray hégé surrounded byrheavy gauge waterprocf PVC sheet
and were thenfﬁlaced in 10-gallon galwanized cans for
traﬁsport to iahs. 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
which 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, notahlf bedded“sediménts,
sediments in streamé enteringrthe Harbour, and stream waters.
i Exposed Beds
A series of ﬁnconsolidated silts} sands and boulder
be@s is exposed at various points along the Harbour shore
{Figure 7). According to thé Geological Map of Tasmania
the materials are Pleistocene in age. They are stratifiéﬁ.
Beds of finer grained material are horizontal or dip at
low aﬂgles. Sands exhibit cross bedding. Boulder bheds
and gravels have irregular bases cutting across underlying
bedding; layers within the gravéls are concordant with layers
in underlying beds. Finer grained sediments contain much
organic matter, mainly of wvegetable origin. Thin 1afers
of semi-carbeonized wood containing individual fragments
up to four feet long are not uncommon. Much of thé car-
bonaceous materiél is encrusted or partially replaced by
pyrite., Silts and sandy silts of the series are dark when
fresh but weather light gray. Lower beds appear to re-

_ present a. lagoonal or estuarine phase similar to the present

33




0636042

Strahan, Macquarie Harbour - S s i 55, Pt i

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

Figure 7. Exposed beds
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phése of the Harbour's history. Overlying sands and
boulders represent a mariné incursion. The series is
rassociated 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 lével.

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 Harboﬁr.
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 cate#ory were taken_to permit us to estimate
further dilution that may take place between the confluénce
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.

Stream Waters

 Water samples were taken in conjuncticn with samples

of stream sediment,at Cities® request. Cities’ intention 1is

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

35
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Ocean Beach, Strahan

Figure 8. Beach & valley

J  King River near mouth
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the samples now should have a pH of about 2.8.

One other water sample was collected-hut-represents
pore waters of bay sediments rather than stream watér. It
was drained from the composite samples. It has ﬁdt been
S content. H.S is oner

2 2

of the components-of'this sample requiring quantitative

acidified as this would upset its H

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-

sults 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 reflectioné
of hard bottom underlying thinner margins of Harbour floor silts. -
For Phase II a Koden éounder was obtained, operating at the same
freguency as the Cape Martin's Purunc. The Koden transducer was
mounted in a heévy skid and linked to the récorder by a twenty-five-
fathom cabkle 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 ocutput signal. Some of a
complicated series of echoes from the sea sﬁfface first were inter-
preted as'sub-bottomrrefiectiOné. 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 cn 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 iying
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 H,S 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 frpm 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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5.0 LAB STUDIES

5.1 Chenmnistry

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 indﬁstry. In Phase II Amdel examined con-
tents of valuable elements in all samples collectgd 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 1éb has specified.

Amdel places the accuracy of its AAS determinations to with-
in plus or minus ten percent of the actual values. Mines aré re-
luctant to cite éccuracy ranges where values determined approach
detection limits;.at 1evels 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.

'fable 3. Analyses of core samples
Inspection of metal values listed shows thét 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 1eSséns
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 ocutlined
above, being lowér 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, 2Zn, Co, Mo and Ag was conducted on the l2-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, iocdine, boron and bromine tend to occur
bele'thellayer enriched-in copper and the metals concentrated

with copper.
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Table 3. Chemical analyses, core samples. Values in ppm.
Detection Iimits bracketed. Analyst, AMDEL.

Cu Pb 2Zn Co Mo Ag Au Ca Bi

Holb# Site Footage (2y (5) (1) (5y (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 19¢ 45 110 12 22 £ 1
57 4 0-3 850 30 140 85 55 L1 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 1l b4
60 " 9-12 30 32 65 10 15 2 <.,05 2 x
61 " 12-15 38 30 &0 10 200, 1 <=,05 1 X
62 0-3 80 12 45 8 12 =<1 <.05 b4
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 <1 .1 1l
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
76 " 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 3 <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 <1
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 <1
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 <1l

30 55 10 10

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 g8 110 22 28 "
89 13  0-3 870 5 160 75 48 "
90 " 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 "
93 " 3-6 15 18 65 12 10 "

94 " 6-9 15 12 30 5 5

- 95 " 9-11 22 15 40 8 8
96 20 0-3 180 40 100 18 15 "
97 " 3-8 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 "
102 19 0-3 730 20 1le0 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 "
107 " 6-10 1/3 20 22 55 8 6 "
108 23 0-3 140 50 130 18 10 "
109 v 3-6 - 20 28 60 15 45 "
110 " 6-9 18 28 60 12 38 v
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 n
115 " 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 " 15-17 3/4 22 30 60 12 18 "
120 25 0-3 120 35 80 15 22 "
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Holbf 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 g 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 80 18 12 "
131 " 3-6 18 28 60 i8 30 "
132 " 6-9 18 25 65 15 12 "
133 " 9-12 18 25 60 12 18 "
134 " 12-15 ig8 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 50 100 12 "
140 " 9-12 18 20 35 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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Holb# Site Footage Cu Pb Zn Co Mo Ag
156 33 15-17 1/3 22 28 65 15 20 <1
157 34 0-3 5/6 20 20 50 10 6 "
158 41 0-3 700 12 180 30 15 "
159 " 3-6 360 20 130 20 12 "
160 " 6-9 3/4 110 40 80 12 12 "
161 40 0-3 100 40 85 18 8 "
162 " 3-6 20 22 55 15 25 "
163 " 6-9 20 25 60 12 22 "
164 9-12 18 25 55 12 15 "
165 12-15 18 20 50 12 28 "
le6 * 15-17 5/6 18 25 60 10 i8 "
167 39 0-3 25 25 110 15 12 "
168 " 3-6 20 22 70 18 25 "
169 " 6-9 18 22 65 18 25 "
170 " 9-12 18 22 60 12 30
171 " 12-15 20 20 55 10 12 "
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 " 6-9 20 18 50 10 12 "
176 " 9-12 20 20 40 10 12 "
177 " 12-15 18 20 45 10 10 "
178 " 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 " 3-6 15 18 60 10 38 "
186 " 6-9 18 12 42 10 18 "
187 " 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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Holb# Site Footage Cu Pb Zn Co Mo Ag
191 56 9-11 5/6 15 15 38 10 10 <1
192 49 0-3 12 12 48 10 15 "
193 " 3-6 15 12 40 10 20 "
194 " 6-8 3/4 5 5 8 5 6 "
195 55 0-3 42 20 60 8 18 "
196 " 3-6 12 15 60 8 22 "
197 " 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 "
201 61 0-3 20 12 48 10 18 "
202 " 3-6 12 10 45 10 18 "
203 " 6-9 12 15 45 8 15 "
204 " 9-12 12 12 38 8 12 "
205 " 12-13 5/12 12 15 42 8 10 "
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 " 9-12 12 10 a8 8 12 "
210 v 12-15 15 10 42 8 15 "
211 " 15-17 1/6 18 10 42 8 15 "
212 68 0-3 a5 28 55 5 12 "
213 " 3-6 10 20 45 5 10 "
214 " 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 " 3~6 12 30 32 8 12 "
219 " 6-7 3/4 1z 10 32 8 12 "
220 73 0-3 18 15 38 1¢ 12 "
221 " 3-6 15 10 32 8 12 "
222 " 6-9 12 10 38 8 12 "
223 " §-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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Holb# Site Footage Cu Pb Zn Co Mo Ag
226 75 3-6 15 10 38 i 12 <1
227 " 6-9 15 12 42 8 12 "
228 " 9-12 15 12 45 8 15 "
229 " 12-15 1/2 15 15 42 10 15 "
230 76 0-3 15 12 35 10 12 "
231 " 3-6 12 10 42 10 12 "
- 232 " 6—9 15 12 40 10 12 "
233 " 9-12 1/4 15 12 40 10 12 "
234 74 0-3 18 12 40 10 12 "
235 " 3-6 15 10 38 10 12 "
236 " 6-9 15 12 42 10 12 "
237 " 9-12 15 12 38 10 15 "
238 " 12-15 18 10 42 8 15 "
239 * 15-16 1/3 15 12 38 10 15 "
240 67 0-3 15 10 35 8 18 "
241 " 3-6 12 38 32 8 18
242 " 6-9 12 38 30 8 15 "
243 " 9-12 12 12 35 8 18 "
244 " 12-15 i2 10 40 8 18 "
245 63 0-3 60 42 50 8 20 "
246 " 3-6 18 28 45 8 22 "
247 6-9 15 15 35 8 18 "
248 - 9-12 15 10 42 8 18 "
249 " 12-15 15 10 40 8 18 "
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 "
253 " 6-9 12 32 35 8 12 "
254 " 9-12 10 15 35 8 12 "
255 " 12-15 12 10 32 8 12 "
256 " 15-17 1/3 12 10 38 8 12 "
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 "
260 72 0-3 12 12 22 5 8 "
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Holb# Site Footage ‘Cu Pb in Co Mo : Ag
261 66 0-3 8 35 28 5 8 <1
262 " 3-6 8 28 22 5 8 "
263 " 6-9 3/4 8 10 30 5 8 "
264 62 0-3 25 30 70 10 18 "
265 " 3-0 12 28 38 10 15 "
266 " 6=-9 _ 10 40 32 8 12 "
267 " 9-10 7/12 10 8 25 8 12 "
268 60 0-3 90 70 70 12 18 "
269 » 3-6 15 20 48 10 22 "
270 " 6-9 12 38 40 10 12 "
271 " 9-12 12 15 40 10 18 "
272 " 12-15 12 18 35 10 20 "
273. " 15-16 5/6 1¢ 38 35 8 12 "
274 53 0-3 150 60 95 12 12 "
275 " 3-6 22 18 45 12 25 "
276 " 6-9 15 38 50 10 15 "
277 " 9~-12 15 48 40 10 28 "
278 " 12-15 15 42 45 10 12 "
279 " 15-17 3/4 15 42 48 10 12 "
280 59 0-3 15 15 42 10 25 "
‘281 " 3-6 12 50 40 10 25 "
282 " 6-9 12 22 42 10 22 "
283 " 9-11 12 15 38 10 25 "
284 58 0-3 38 25 60 10 25 "
285 " 3-6 15 60 40 10 25 . "
286 " 6-9 12 42 42 10 22 "
287 " 9-12 15 30 45 10 18 "
288 " 12-15 15 50 45 10 12 "
289 " 15-17 15 28 42 10 12 - "
290 52 0-3 38 190 65 12 8 "
291 " 3-6 15 20 45 10 22 "
292 " 6-9 12 22 45 100 30 "
293 " 9-12 15 28 42 10 15 "
294 " 12-15 15 55 42 10 28 "
295 " 15-17 15 90 45 10 50 "
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Holb# 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 " 6-9 15 20 45 12 28 "
301 " 9-12 18 22 50 12 15 "
302 " 12-15 15 22 55 10 10 v
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 "
308 " 12-15 18 25 48 10 15 "
309 " 15-19 15 25 50 8 15 "

- 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 " 9-12 15 20 45 8 12
317 " 12-15 15 22 38 8 15
318 " 15~17 15 22 48 8 15

L T, TR
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12-13 1/ x

50

Table 4. Chemical analyses, selected core samples. Values in ppm.
Detection limits bracketed. Analyst, AMDEL.
‘HBolbi W Sn Ir Ti L1} v Li I Br B ]
- Foot-
Eite age {50) (1) (1¢) {100) (10) (1) (10}

LY ! 0-3 507 10 2060 3,000 10 100 80 <10 60 45 35,000
58 * 3-6 x 3 100 2,500 12 100 150 L) 265 150 24,000
59 6-% X 1 50 2,000 18 80 3p0 60 290 190 29,500
60 * 9-12 x 1 30 2,500 8 50 - 120 30 230 130 31,500
6L " 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 17¢ BO 12,500
63 " 3-6 3 3 50 2,000 8 gL 150 35 205 130 21,500
64 " 6-9 x 1 30 2,000 14 50 200 30 205 160 19,560
65 ¢ 9-11 x 3 150 2,500 14 80 200 20 145 120 22,500
66 7 0-3 50 0 250 3,000 12 100 100 =10 g 25 41,500
67 * 3-8 x 5 150 3,000 12 100 100 15 100 50 27,000
68 " 6-9 x 1 50 1,500 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 " 1 50 2,500 8 B8O 200 25 190 2540 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 Miﬁes 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. Correspondencé
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 léss 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
valﬁes 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 considerabiy
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 composite core samples. Values in ppm.
Amdel detection limits bracketed,

Holb# Sites Analyst Cu Pb ZIn co Mo Ag Au Bi sb As Ni
(2) (5} (1) (5} {3) (1) _(.08) 3) (30} (50) {5)

321 1-43 Mines 21g 27 160 i7 21 «<.5 40 ‘25

319 - Amdel 150 22 110 18 20 =<1 «.05 x x x

54-183 " Amdel* 132 24 73 17 19 <1

a24 44-77 Mines 22 14 150 <13 17 =.5 26 39

322 " Amde), 22 8 95 8 15 <1 <.05 x x x x

124-318 . Amdel* 18 23 43 g 15 =1

37215324 1-77 Mines* 116 20 155 12 19 <.5 33 32

3195322 - Amdel* -1 15 102 13 17 =<1 <,.05 X x x x

54318 - Amdel* 7% 23 58 13 17 <1

Holb# Sites Analyst W sn 2r Ti v Li I Br B 8

(501 (1) (10} (100} {10) (1} {10}

321 1-43 Mines 16 <9 140 a3

319 " Amdel x 1 160 3,000 12 100 200 30 155 150 24,500

324 44-77 Mines 16 <9 150 28

322 . Amdel x 1 80 2,000 8 80 80 25 135 170 26,500

3216324 1-77  Mines* 16 <9 145 30 '

3198322 - Andel* x 1 90 2,500 10 ¢ 140 27 145 160 25,500

* calculated walues
x not detected
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Table 6. Analyses of dredge samples

- Amdel results presented here are in broad agreement
with figures in Table 3 referring tc sample Holb 54, which
was collected at the same site as the dredge sample analy-
sed in Table 6.

ﬂ Other analyses of dredge samples have been conducted
by Cities, Colorado School of Mines Research Insfitute,
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, 106;
U (from U,05), 42; Ag, 0.33; Au, 0.16. Compared with all
Amdel, Mines and Mount Lyell resulﬁs for several hundred
samples from northern parts of Macquarie Harbour, the CSMRI
values are too low in silver, too high in uraniﬁm 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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Table 6. Chemical analyses of dredge samples. Values in ppm.
Amdel detection limits bracketed.
Bolbd Site Analyst Cu Pb In Co Mo Bu Bi Sb As Wi
{2) (5 () (51 (3) (1) (.05) (1} (30) (50} ¢(5)
326 3 Amdel 720 40 1ls0 85 45 1 0.1 1 x x
329 5 Mines
fHolbd Site Analyst W Sn  2Ir Ti u v Li I Br B 5
(50) (1} (10} (100} (10} (1) (10)
326 3 Amdel 3 100 2,500 12 100 50 10 28 40 29,500
323 L] Mines

x not deteéted
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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
béy—wide enrichment of certain eléments concentrated in sed-
iments of the present floor of the Harbour probably have
been in 0pération for some thousands of years and possibly
for a million years. Testing Miocene sediments from Macquarie
graben would alldw us_to discover whether the processes
operated in Tertiary times. Samples 337 and-8 may be Ter-
tiary material. _

Note that the first seven silver values, againét 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 S ppm as in the déterminations guestioned.

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 bé concentrated in the car-
bonized wood or possibly in the pyrite is in relatiyely 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 Qf

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.
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Table 7. Chemical Analyses of exposed sediments. Valuzs in ppm.
' Analyst, Tasmanian Mines Department

Holbd Site _ tocality TYpe Material Cu Pb Zn Co Mo Ag Aun

330 94 - W Strahan Grab : carb. wood 65 28 54 < 5 <10 51 <«.5
331 - : - 3*'chnl. Dark silt 24 12 67 16 14 =57 =<.5
332 bl " s " Sandy ailt 30 12 83 10 12 <57 <.5
333 - = 2-1/2% Upper silt 20 6§ 59 1.0<10 <357 <.5%
334 $5 E Strahan 3'chnl. Wthrd silt 30 24 62 = 5«10 Tt 4.5
3as . - 3 " Fresher =silt 3¢ 14 48 9 <10 =5!<.5
336 ' 94 . W Strahan Composite . Pyrite* 40 .70 30 235 12 6! <.5
337 96 . 2mi NE of 94 3*'chnl, Sandy silt 52 53 28 =« 13 < 5 =.5

338 . . - Grab Dark silt 48 52 15 <13 <5 «<.5
Holb} Site Locallty Type Material W03 sn 0308 1 Br B

330 94  W. Strahan Grab Carb. wood <50 24 11 31 23 18

331 bt " 3'chnl. Dark silt <50 <7 <5 =<9 21 4

322 " . 5 - Sandy silt <50 <7 19 =% <2 24

33 " W Strahan 2-1/2% Upper 5ilt <50 <7 16 <9 -2 39

XY 95 B Strahan  3' " wehrd silt<50 <7 9 <9 18 12

335 . . 3+ - Presher silt <50 <7 7 <9 4 10

336 94 W Strahan Composite Pyrite*<50 10 5 110 & 16
3137 96 2mi NE of 94 3'chnl. Sandy siit 12

338 - . Grab park silt 12

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

Holbd Site Locality Type Material Cu Pb 2n Co Mo Ag Au U,04
340 98 King R, Teepookana Grab §ilt 1020 110 310 45 57 x x 20
341 - " " " Sand 1670 60 220 31 25 x x 17
343 97 King R, Nr. Mouth " §ilt 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 Rd4. " siit 28 3 54 13- 5 x x. 17

x not detected
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Table 8. Analyses of river sediments
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 prececeding
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, icdine and bromine extend bay wide. These con-
centrations are believed to be made up for the most part of elements
dissolved in pofe 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 tﬁngsten
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, émall 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 éamples was unfaveled 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 éppears mod-
erately uniform mineralogically and texturally. Its chief

characteristics are as follows:
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Components Avg weight percent Grain Diameter, mm
min avg 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

Thé 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 tentative