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1.0 SUMMARY

During the twelve month period to December, 1992 work on Exploration

Licence 40/85 Elliott Bay has concentrated on ground evaluation of nine

airborne EM anomalies (designated EB-1 to EB-9). The nine conductors

were detected during a QUESTEM survey flown in 1991. All were followed

up in Jan.... Feb. 1992 using various combinations of gridding, surface EM,

mapping, soil and rock chip geochemistry.

Only conductors EB-1 and EB-4 require further work as all others are

attributed to surficial conductors.

Complicated by surficial conductors, the EB-1 response displays some

features consistent with a bedrock source. The anomaly is enhanced by its

proximity to an outf~o"p'!?!~g2m}~:!:?Ji~~~.~~t~J,~!~~~ ~BIJ.~r'!"l!~8J)52 ...JL1~~I~us
geochemistry and permissive lead and sulphur isotopes. Despite the

equivocal nature of the EM response, prospective geology indicates that a

drill test is warranted. A diamond drill hole is proposed for February, 1993.

Reconnaissance mapping of the EB-4 area indicates the response to be

along strike from the Voyager 12 gold prospect. The potential association

with mineralisation indicates more detailed follow up, including surface EM, is

warranted in 1993.

Research into the nature of lead isotopes at Elliott Bay continues.
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2.0 INTRODUCTION

Exploration Licence 40/85 is located in south west Tasmania approximately

85 km. south of Queenstown (Fig. 1). Remote and with very limited access to

and within the licence, exploration has historically been conducted during the

summer months; usually with helicopter support.

The licence covers the most southern portion of the Mount Read Volcanics

and includes outcropping Volcanic Hosted Massive Sulphide (VHMS) at Wart

Hill. VHMS is the primary exploration target within EL 40/85.

Extensive exploration of the area including EL 40/85 has been undertaken by

BHP (1965-1975), Geopeko (1977-1984) and Cyprus (1985-1989) and is

summarised in Wallace, 1991.

This report describes work undertaken on EL 40/85 for the twelve month

period to December, 1992.

3.0 TENURE

EL 40/85, Elliott Bay, was granted to Cyprus Minerals Aus!. Co., on the 24th

December, 1985.

After granting of the licence Cyprus entered into a joint venture agreement

with Poseidon Minerals Ltd. whereby each party contributed 50% of

exploration expenditure and Cyprus acted as manager. On the 9th January,

1991 Aberfoyle Resources entered a joint venture agreement with the

existing joint venture partners (Cyprus interest now transferred to Arimco

Mining Pty. Ltd.). The agreement provides for Aberfoyle to earn a majority

interest in the tenement by funding and managing exploration.

In December,1991 a statutory relinquishment of 50% reduced the size of EL

40/85 to 125 sq. km.
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4.0 1991 AIRBORNE EM SURVEY

Historically the mount Read Volcanics south of Macquarie Harbour have not

been extensively surveyed with modern deep searching EM. In addition the

low relief and lack of tall forest make the area ideal for surveying by the new

generation of airborne EM techniques.

Aerodata were commissioned to fly a QUESTEM survey over the prospective

volcanics. The aim was to locate conductive targets at depths greater than

the effective search depth of previous airborne EM surveys such as DIGHEM.

In March 1991 a 725 line km. QUESTEM airborne EM survey was flown over

EL 40/85 (Wallace, 1991). Evaluation of the data indicated nine conductors

worthy of ground follow up. These are referred to as EB 1-9 with locations as

shown on Plate EB 14.

It was proposed to evaluate these conductors by various combinations of

gridding, ground EM, mapping, soil and rock chip sampling. During January

and February 1992 a helicopter supported field camp was established at

Cowrie Beach and ground follow up carried out.

The results of this programme are described below in Sections 5.0 through

13.0.

5.0 EB-1

5.1 Introduction

Located near the coast at Elliott Bay the EB-1 conductor is a N-S

striking 1.8 km. long EM response (Plate EB 14). A four line grid was

cut over the southern part of the conductor. Follow up ground EM,

mapping soil and rock chip sampling were carried out.
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5.2 Voyager 3 Prospect

The Geopeko Voyager 3 prospect is located immediately to the east of

EB-1. This prospect was centred on haematite altered volcanogenic

sediments, anomalous in copper, that outcrop on the coast 500m east

of EB-1. Geopeko worked in this area between 1978 and 1981.

Geochemical and geophysical surveys (IP, VLF) largely ended just

east of the EB-1 conductor although some lines extended west to

Cowrie Beach.

Three diamond holes were drilled at Voyager 3. The first two were 30

m long and targetted at soil geochemical anomalies. The third is a 200

m hole targetted at an IPlsoil geochemical anomaly 750 m east of the

EB-1 conductor. Drilled toward the west, Le. downdip, the hole

intersected volcanogenic sandstones and siltstones with minor

interbedded rhyolite lava near hole bottom. Disseminated and vein

pyrite to 3% is ubiquitous throughout. Base metal values are elevated

over the entire hole with a maximum of 8 m @ 0.4% Zn from

disseminated and vein mineralisation in a chlorite altered zone.

Lead isotopes from this mineralisation return a Rosebery signature.

5.3 Geology

A geological map is included as Plate EB 10/N3 whilst petrological

descriptions of representative lithologies are attached as Appendix I.

Two major units are present in the vicinity of the conductor. The oldest

is a sequence of felsic volcanogenic sandstones and minor siltstones.

These are massive to locally bedded, sometimes lithic, sandstones

composed mainly of reworked fragments of quartz and feldspar

phenocrysts.



No younging evidence was found within the area mapped but evidence

from Geopeko drill holes and mapping further along the coast

suggests that the sequence youngs and faces to the west.

Outcropping on the coast, approximately along strike from the EB-1

anomaly, is a hydrothermal alteration zone approximately 100 m

across, hosted by volcanogenic sandstones. This zone strikes parallel

to cleavage but has an unknown dip.

The boundary between the lava and epiclastic sequences is marked

by several metres of finely laminated volcanogenic siltstone. Although

such intervals are locally developed elsewhere within the epiclastics,

this horizon appears to mark a period of less active sedimentation

prior to eruption of the lava.

Bedding generally strikes just west of north and dips steeply west. A

well developed generally bedding parallel cleavage is indicative of

strong ductile deformation. Although folds were not observed local

areas of bedding at high angle to cleavage indicate that folding is

present. Mesoscopic tight to isoclinal folds are recorded by Geopeko

further east along the coast.

5044011

Overlying (to the west of) the epiclastic sequence is a unit of cleaved

quartz-phyric rhyolite lava at least 500 m thick which is in faulted

contact to the west with the Low Rocky Point Granite. All of this

rhyolite body appears to be massive lava. The contact with the

underlying epiclastics appears to be conformable, although some

movement on the boundary is apparent.

The alteration is roughly zoned with boudinaged pods of Fe rich

chlorite + pyrite in the core. Surrounding the chlorite are silica +
chlorite ± sericite + pyrite alteration shells. Passing east from this

shell, alteration is exceptionally and increasingly siliceous to a sharp

contact about 30 m east of the chlorite core. Peripheral zones of

sericite + silica with common limonite after pyrite occur in the east and

west.
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Values are generally low with only one significant Pb, Zn

anomaly occurring on line 1600N at 2700E.

One hundred and one 25 m spaced C horizon soil samples

were collected on Aberfoyle grid lines, overlapping about 100 m

with Geopeko's Voyager 3 sampling to the west. Unsieved

samples were assayed for Cu, Pb and Zn. Results are attached

as Appendix II and Plates 11, 12 and 13.

The Geopeko sampling was carried out using a Jacro drill with

holes up to 5 m deep and assay of the -80# fraction. Pb and Zn

assays are about ten times those of Aberfoyle (overall and

when compared in the area of overlap). This results in an

apparent decrease in base metal content from the approximate

conductor location and out to the west. This may be indicative

of a contact between metal rich footwall and barren hangingwall

rocks. However, it also happens to occur in the area where

outcrop ceases so that Aberfoyle power auger sampling may

have been ineffective in sampling the underlying rocks.

Increased enhancement of metal values in the -80# fraction in

Geopeko samples wouid also have an effect.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•

044012

Mineralisation is present as pyrite disseminations and minor veins

which vary from trace to 20% locally. Within the chlorite zone minor

pyrite + chalcopyrite veins to 5 cm are present. Lead and zinc were

observed as galena + sphalerite stringers within the siliceous parts of

the alteration zone, in late E-W trending chloritic veins outside the

alteration zone or in irregular Devonian? quartz veins 1-2 m thick.

Disseminated galena and sphalerite are common within the most

siliceous alteration.

5.4 Geochemistrv

5.4.1 Soil Sampling

6
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Comparison of the two surveys requires caution. However, the

soil sampling does show that significant base metal

mineralisation occurs over a large area in the inferred footwall

of the EB-1 conductor.

5.4.2 Rock Chip Sampling

Eleven rock chip samples of representative lithologies, including

offcuts of petrographic samples were submitted for whole rock

and trace element analysis. Results are attached as Appendix

III with sample locations shown on Plate EB 10/N3.

Outside the alteration zone major elements are consistent with

only weak hydrothermal alteration. The lava sequence to the

west has a low Ti/Zr and high Si02 consistent with a rhyolite

composition. Basic dykes are high in Cr and P20Sffi02 =0.48

equivalent to suite III or shoshonitic lavas of Crawford, 1992.

Base metals are variable outside the alteration zone, from

generally low to 0.3% combined Pb + Zn. Similarly arsenic is

low outside the alteration zone «6 ppm) except for the basic

dyke that assays 20 ppm. Gold values are below detection of

0.008 ppm.

5.4.3 Continuous Rock Chip Sampling

The alteration zone outcropping on the coast was sampled

across strike from west to east. A nominal origin on the western

edge was chosen and continuous chip samples were taken in

10 metre intervals or to alteration shell boundaries. Results and

sample locations are attached as Appendix IV. Copper is

elevated within the chlorite zone, returning 320 ppm. Lead and

zinc are highest in the most siliceous alteration, assaying 0.3%

Pb, 1.1.% Zn and 3 ppm Ag over 1.5 metres. Excluding this

assay the rest of the alteration zone averages 600 ppm Zn and

250 ppm Pb. Gold values are low with only the base metal rich

sample (565550) above detection at 0.02 ppm.



Results are attached as Appendix V. Three distinct signatures

are evident spread across a field straddling the Voyager 19 and

Rosebery signatures. Given the complex nature of Pb isotopes

in this part of the Mount Read Belt the significance of individual

signatures is unclear. However, all are indicative of Cambrian

mineralisation.
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Several VHMS indicator elements were also assayed to assess

their usefulness as pathfinder elements in soil sampling. Only

Hg, Cd and Mo appear to be significantly elevated within the

alteration zone.

Major elements indicate alteration indices ([k20 + MgO/K20 +

CaO + Na201 x 100) are greater than 90. Although weathering

has probably removed some Na and Ca the alteration zone is

almost totally depleted when compared to surrounding rocks.

5.4.4. Lead Isotopes

Six samples were submitted for lead isotope analysis:

1) 2 samples of disseminated base metals in Si alteration

(EB 100, EB 200).

2) 1 sample of base metal stringer vein (565576).

3) 1 continuous rock chip sample (565551).

4) 1 soil sample (565209).

5) 1 Late? chlorite + base metal vein (565530).

These results will be incorporated into a Pb isotope research

project on Western Tasmanian VMS mineralisation currently

being undertaken by Dr J B Gemmell from CODES at the

University of Tasmania in collaboration with Dr G Carr of

SIROTOPE, CSIRO, North Ryde, NSW.

8
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5.4.5 Sulphur Isotopes

Five samples of disseminated and vein pyrite from within the

EB-1 alteration zone were submitted for sulphur isotope

analysis. Results are attached as Appendix VI.

~ 34S values range from 8.9 in vein pyrite from the chlorite

zone to 14.3 in siliceous alteration. These values are identical

to Hellyer/Que River stringer zone results and consistent with

sUlphur sourced from a reducing hydrothermal system.

Geophysics

5.5.1 Ground EM Survey

A one loop four line EM survey was undertaken over the EB-1

conductor. Results from this survey are presented in Appendix

VII. Loop and line locations are shown on Plate EB-1.

9
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Data from this survey is complex with several broad near

surface conductors (gravels) complicating the EM interpretation.

That part of the response which may be related to a deep

bedrock conductor could also potentially be attributed to an east

thickening wedge shaped (in cross section) surface conductor.

5.5.2 Resistivity Survey

To resolve the ambiguity in the response it was proposed to

carry out a close spaced (25 metre) dipole-dipole resistivity

survey over the conductor. It was hoped that this would

delineate or rule out any wedge shaped surface conductor that

may be the source.

Carried out in April the results are presented and discussed in

Appendix VIII.

Some evidence for wedge shaped surface conductors is

apparent. However, modelling and interpretation of EM data

using derivative techniques cannot unequivocally attribute all

features of the observed EB-1 response to surficial conductors.

5.6 Conclusion

A follow up resistivity survey has failed to unequivocally resolve the

source of the EB-1 conductor. Potential remains for a deep bedrock

conductor masked by overlying conductive gravels. The surface

projection of the inferred bedrock conductor occurs adjacent to a

mineralised footwall alteration zone and boundary between a felsic

volcaniclastic and lava sequence. Prospectively is further enhanced

by attractive lead and sulphur isotopic compositions.

This prospect has reached the stage where no further surface work

can improve our understanding of the source of the EM anomaly.

Given the favourable geological aspects it will be proposed that a

diamond drill test is warranted. The hole is planned for the 1992/93

summer season.
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6.1 Introduction

The EB-2 conductor is a one kilometre long response just east of the

Lewis River (Plate EB 14). A three line grid was cut over the anomaly.

6.2 Geology

Outcrop geology is shown on Plate EB 10/L3. In the area of the

conductor (forest) outcrop is non-existent. However, outcrop on button

grass plains to the east and in the Lewis River to the west, indicates

that the conductor occurs within a sequence of felsic volcanogenic

sandstones identical to and approximately along strike from those

hosting the EB-1 conductor. Bedding strikes north to northwest and

generally dips steeply west.

A unit of rhyolite lava is mapped by the Geological Survey in the

Lewis River a kilometre north and along strike from the conductor.

This suggests that felsic lava may underlie the area of no outcrop

associated with the conductor.

6.3 Geophysics

A one loop three line EM survey was carried out over the conductor.

Loop and line locations are shown on Plate EB 8B. Survey results are

included in Appendix VII.

An unknown but clearly surficial source for the conductor is indicated.

If the conductor is underlain by lava between sandstone perhaps a

weathering trough is present.

6.4 Geochemistry

Down-grading of the anomaly by the surface EM survey resulted in no

samples being submitted for assay.
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7.1 Introduction

The EB-3 conductor is a one kilometre long response located near the

junction of the Lewis and Hudson Rivers (Plate EB 14). A three line

grid was cut over this anomaly.

7.2 Geology

Outcrop geology is shown on Plate EB 10/L3. The conductor appears

to be hosted by a sequence of volcanogenic sandstones, correlates of

and along strike from the sequence hosting EB-1. Bedding strikes just

west of north and dips steeply west with unknown facing.

Outcrop over this grid is extremely poor with no outcrop in the vicinity

of the conductor.

7.3 Geophysics

A one loop three line EM survey was undertaken over the conductor.

Loop and line locations are shown on Plate EB 8B whilst survey

results are included in Appendix VII.

An unknown but clearly surficial source for this conductor is indicated

by the surface EM.

7.4 Geochemistrv

Down-grading of the anomaly by the surface EM survey resulted in no

samples being submitted for assay.



8.2 Geology

8.3 Geochemistrv

A total of ten shallow diamond drill holes have been drilled at Voyager

12 without repeating encouraging gold values obtained at surface.

These appear due to surface enrichment processes.

Reconnaissance mapping (Plate EB 15) indicates the southern part of

the EB-4 response is near the gossanous margins of the porphyry

body. To the north little outcrop is evident but the porphyry does not

appear to continue along strike.

13
044019

8.1 Introduction

The conductor is located approximately one kilometre north east and

along strike from Geopeko's Voyager 12 prospect. This prospect

consists of a moderately northwest dipping zone of brecciation, veining

and sericite alteration anomalous in base metals and gold. Early

quartz + tourmaline and later chlorite + pyrite + arsenopyrite .:!::

chalcopyrite.:!:: galena.:!:: sphalerite.:!:: quartz veins up to two centimetres

thick are common over a true thickness up to 20 m (Torrey et ai,

1988). Mineralisation is hosted by volcanogenic sandstones near the

western margin of a quartz feldspar biotite porphyry intrusive.

The EB-4 conductor is located near the eastern boundary of EL 40/85

(Plate EB 14). Given low priority on the basis of the airborne EM

response the only follow up proposed was reconnaissance mapping

and rock chip sampling. No grid was established.

Several rock chip samples of gossanous material were submitted for

assay. Sample locations are shown on Plate EB 15 and results

attached as Appendix IX. Values north of Voyager 12 were low with

only copper being slightly elevated at 200 ppm.

8.0
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8.4 Conclusion

The potential association of the EB-4 conductor with mineralisation;

possibly as a more sulphide rich and higher grade section of the

Voyager 12 structure, indicate that this EM anomaly warrants further

follow up.

During the 1992-93 summer season it is proposed that a grid be cut

over the anomaly and surface EM, mapping soil and rock chip

sampling be carried out.

14
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9.0

15

9.1 Introduction

The EB-5 conductor is located in the axis of the Osmund Syncline SE

of Wart Hill, (Plate EB 14). Although spatially associated with

Ordovician shale, the structurally favourable location, proximity to Wart

Hill mineralisation and lack of EM response from shale elsewhere

around the syncline suggested that ground follow up was warranted. A

four line grid was cut over the conductor.

9.2 Geology

Located in the nose of the Osmund Syncline the conductor is hosted

by tightly folded black pyritic shale of the Cambro-Ordovician Waterloo

Creek Group. Outcrop is very poor but dips indicate that volcanics

would lie at considerable depth. The carbonaceous nature of the

shale suggests this unit is the source of the EM response.

Presumably, strong deformation has favoured the formation of graphite

in the nose of the fold rather than in its less strained limbs.

Outcrop geology is shown on Plate EB 10/H2.

9.3 Geophysics

A one loop four line EM survey was carried out over the conductor.

Loop and line locations are shown on Plate EB 10/H2 whilst survey

results are included in Appendix VII.

A strong, clearly lithological response was obtained consistent with a

shale source. Cyprus also tested a ground EM response in the EB-5

area by trenching in 1989 and also attributed the source to

carbonaceous shale.

9.4 Geochemistry

No samples were submitted for assay as the conductor was attributed

to carbonaceous shale.
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10.0 EB-6

10.1 Introduction

Located just south of the Wanderer River (Plate EB 14), this anomaly

was not considered worthy of ground EM follow up. No grid was cut

and only reconnaissance mapping and sampling were carried out.

10.2 Geology

The EB-6 conductor is located within a sequence of flow banded

quartz feldspar phyric rhyolite lava with rare bedded volcanogenic

sandstone. Local but strong silicification associated with minor

limonite veining is evident in several areas approximately along the

trend of the anomaly. The conductor closely follows a creek. Outcrop

geology is shown on Plate EB 10/C3.

10.3 Geochemistry

Rock chip sampling of altered. limonitic material indicates that the

system is not anomalous in base metals, silver or gold. Sample

locations are shown on Plate EB 10/C3 with assay results in Appendix

IX.

10.4 Conclusion

It is uncertain whether the EB-6 conductor is related to a surficial

conductor in the valley or weakly pyritic alteration. In either case no

further follow up is recommended.
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11.0 EB-7

11.1 Introduction

Located just north of the Wanderer River the EB-7 response has a

strike length of 500 m (Plate EB 14). A three line grid was cut over the

conductor.

11.2 Geology

The conductor is hosted by a monotonous sequence of quartz phyric

rhyolite lavas. Regionally they strike NNE and dip steeply west and

occur on the eastern limb of the Osmund Syncline. No significant

alteration or mineralisation was observed.

A map of outcrop geology is attached as Plates EB 10/B3 and B4.

11.3 Geophysics

A one loop three line EM survey was conducted over the EB-7 grid.

Loop location and lines are shown on Plate EB Be. Survey results are

included in Appendix VII.

Results indicate the conductor clearly is a surficial feature and

probably relates to a boggy creek.

11.4 Geochemistry

No samples were submitted for assay as the conductor was attributed

to a surficial source.
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12.0 EB-8

12.1 Introduction

The EB-8 conductor is located just north of the Wanderer River on the

northern edge of EL 40/85 (Plate EB 14). A four line grid was cut over

the anomaly.

12.2 Geology

This conductor was the only anomaly not followed up within Cambrian

volcanics. It occurs within Cambro-Ordovician siliciclastics; correlates

of the Denison Group. However, it was hoped the response may be

sourced from a deep conductor hosted by the underlying volcanics.

Outcrop geology is shown on Plate EB 10/A3.

Located on the eastern limb of the Osmund Syncline bedding strikes

NNE and dips shallowly west. Within the gridded area geology can be

summarised as grey laminated shale occupying the western slopes of

a large valley between ridges composed of sandstone, lesser siltstone

and minor conglomerate.

The conductor appears closely spatially associated with the

outcropping shale unit.

12.3 Geophysics

A one loop four line EM survey was undertaken over the EB-8 grid.

Loop and line locations are shown on Plate EB 80. Survey results are

included in Appendix VII.

The EM response is clearly related to a near surface source, most

probably the grey shale unit.

12.4 Conclusion

As the ground EM survey down-graded the EB-8 conductor no

samples were submitted for assay.
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13.0 EB-9

13.1 Introduction

Located in the north east corner of EL 40/85 the EB-9 conductor is

unusual in that it strikes north west cutting across the regional strike

(Plate EB 14). A three line grid was cut over the conductor.

13.2 Geology

The EB-9 conductor bisects the grid, separating outcropping rhyolitic

lava in the south west from extensive Tertiary gravels of the Macquarie

Graben in the north east. Outcropping volcanics are unaltered and

unmineralised. The conductor is clearly related to the edge of the

Macquarie Graben.

Outcrop geology is shown on Plates EB 10/A4 and 84.

13.3 Geophysics

A one loop three line EM survey was undertaken over the EB-9 grid.

Loop location and reading lines are shown on Plate EB 8e. Survey

results are included in Appendix VII.

Results indicate the EB-9 response is clearly a surficial feature related

to Tertiary gravels on the edge of the Macquarie Graben.

13.4 Geochemistry

No samples were submitted for assay as the conductor was attributed

to a surficial source.
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14.0 LEAD ISOTOPE RESEARCH PROJECT

1992 was first year of a two year collaborative research project between

CODES (Dr B Gemmell), SIROTOPE (Dr G Carr) and Aberfoyle into the

nature of Pb isotopes at Elliott Bay. The aim of the project is to better

understand the complex signatures of mineralisation in the southern Mount

Read Volcanics. This will improve their usefulness in evaluating

mineralisation.

To date three phases of mineralisation are evident. Two are Cambrian and

one is Devonian. Results available to date are discussed in a preliminary

report attached as Appendix X.
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SAMPLE NUMBER: 565515

LOCATION: ELUOn BAY

SUMMARY:
This is a volcanogenic sandstone derived entirely from a

quartz+feldspar-phyric felsic volcanic terrain. It has
suffered strong silica±sericite alteration and
recrystallization of the formerly vitric ash groundmass.

HAND SPECIMEN:
This is a dark grey-brown silicified plagioclase-phyric felsic

crystal-lithic tuff or volcanogenic sediment
THIN SECTION:

In thin section, this sample is seen to be a strongly altered and
largely recrystallized volcaniclastic sediment that has suffered quite
strong silica±sericite alteration. Poorly defined mainly angular to
rather elongate clasts of originally glassy felsic lava are up to 1cm
long. These were mainly sparsely quartz+plagioclase-phyric rhyodacitic
or rhyolitic lavas. with glassy groundmasses that have devitrified and
recrystallized as diffuse snowflake-textured quartz-albite
intergrowths with sericite speckling. Quartz phenocrysts are usually
less than O.5mm across and occur as subrounded euhedra with strong
internal strain shadows. Albitized plagioclase phenocrysts are also
rather rounded, and commonly occur in clots of several intergrown
subhedral crystals.

Most of the remainder of the framework grains in this rock
consists of crystal debris identical in nature to the phenocrystal quartz
and feldspar in the felsic lava fragments, although sometimes reaching
slightly more than 1mm length. Most quartz grains show strong internal
strain lamellae and subgrain recrystallization is common. A notable
feature of this sample is the presence of size or eight quite large
euhedral zircon crystals.

The heterogeneous groundmass of this sample is strongly
recrystallized and probably consisted largely of felsic vitric ash and
comminuted quartz and feldspar. It is now composed largely of
secondary silica that shows striking local variations in texture and
'grainsize', mainly reflecting proximity to shear planes. Sericite is
quite abundant, dispersed throughout the groundmass as broad wavy
streams and trains that wrap around lithic fragments and clearly
concentrate along the irregular shear planes in this sample. Chlorite is
uncommon in this rock, and mainly occurs as yellow-green streaks
within sericite. Calcite occurs as dirty brown euhedral crystals and
less common amorphous patches making up probably only 1-2 modal% of
this rock. A few spots of dark sphalerite occur in small quartz veinlets
that transect the sample.

TC 52
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SAMPLE NUMBER: 565516

LOCATION: ELLIOn BAY

SUMMARY:
This is a strongly altered volcaniclastic sandstone

derived dominantly from quartz+feldspar-phyric felsic
volcanics; recrystallized flattened pumice fragments are a
distinctive feature of this rock. Alteration is dominated by
silica-sericite±chlorite.

HAND SPECIMEN:
This is a dark grey-brown silicified plagioclase-phyric felsic

crystal-lithic tuff or volcanogenic sediment very similar to 565515.

THIN SECTION:
In many respects, this sample is quite similar to the previous

sample (565515), it being a strongly altered and recrystallized felsic
volcaniclastic rock. However several significant differences exist,
including:
1: this rock contains quite common (perhaps 5 modal%) elongate lithic
fragments with a striking banded appearance, defined by very narrow
banding of quartz, pale green chlorite and very fine-grained and altered
FeTi oxides. The internal texture in these unusual fragments is almost
skarn-like, but the presence of quartz phenocrysts in several strongly
suggests that they were pumiceous.

2: the sericitization in this rock considerably exceeds that in 565515,
and occurs as an almost continuous meshwork pervading the sample, in
places defining a weak schistosity.

3: chlorite is significantly more abundant in this rock than in 565515,
and occurs commonly as well-formed bladed crystals intergrown with
polycrystalline secondary quartz.

4: a number of apatite microphenocrysts are present, in addition to the
zircon crystals also noted in 565515.

This sample is texturally almost completely obliterated; however,
remaining textural evidence suggests that it was probably a proximal
volcaniclastic sandstone derived from quartz+feldspar-phyric felsic
volcanics, including in this case, a significant pumice component.
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SAMPLE NUMBER: 551517

LOCATION: ELLiOn BAY

SUMMARY:
This is a volcanogenic sandstone derived from felsic

volcanics, and including a significant component of vitric ash,

HAND SPECIMEN:
This is a pale grey felsic volcaniclastic with a recrystallized (?)

matrix.

THIN SECTION:
This is a poorly-sorted sandstone dominated by around 10 modal%

of coarser, mm-sized framework grains of mainly subhedral volcanic
quartz phenocryst fragments, and less abundant very pale fawn albite
phenocryst fragments. A few equidimensional blocky lithic fragments
composed of rather coarse-grained chlorite, quartz and minor epidote
may be strongly altered basaltic or andesitic fragments. The remainder
of this rock is composed of more comminuted volcanic quartz and
feldspar and abundant altered glassy shard material with well-
preserved curved shard shapes in a few places, although
recrystallization of the glassy ash has largely obliterated distinctive
shard shapes. Most of the matrix has recrystallized as fine-grained
quartz and feldspar peppered with pale sericite. Weakly pleochroic pale
green chlorite, and strongly pleochroic (brown-pale green) biotite are
not uncommon spotted throughout the rock, and chlorite also occurs in
meandering veinlets with stylolite-like appearances. The rock is less
altered than the previous two samples.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•

044034

SAMPLE NUMBER: 565518

LOCATION: ELLIOTT BAY

SUMMARY:
This is a very strongly altered volcanogenic sandstone

derived from felsic volcanics,and containing distinctive
banded flattened pumice lithic fragments. It is almost
certainly derived from the same lithological unit as 565116.

HAND SPECIMEN:
This is a grey weakly schistose strongly altered quartz-phyric

felsic volcanic or volcaniclastic rock.

THIN SECTION:
This sample is essentially identical to 565516, with the banded

flattened and recrystallized pumice fragments that are a distinguishing
feature of that sample being similarly abundant in this rock. The rock
consists of these distinctive lithic fragments. plus common quartz and
albite phenocrysts, immersed in very fine-grained and recrystallized
polycrystalline quartz-feldspar mosaics with abundant and pervasive
sericitic alteration. In my opinion, it almost certainly is derived from
the same lithological unit as 565116.
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SAMPLE NUMBER: 565519

LOCATION: ELLIOTT BAY

SUMMARY:
This is a very strongly altered and recrystallized

volcaniclastic rock, probably a volcanogenic sandstone.
derived from felsic volcanics. It has suffered strong silica
alteration.

HAND SPECIMEN:
This is a strongly altered volcaniclastic rock, probably felsic, with

fragments to several mm of dark green-black chloritic material

THIN SECTION:
This is a very strongly altered and recrystallized felsic

volcaniclastic rock. Textural alteration almost precludes determination
as either a sandstone or a lithic crystal tuff, although I prefer the
former interpretation. Unlike the preceding samples, albite phenocryst
fragments are dominant in this rock, some crystals reaching 1.5mm
across, although most are much smaller and subrounded. Quartz
phenocryst fragments are rarely larger than O.5mm and show strong
internal strain shadows; their margins are recrystallized and merge in
with the recrystallized matrix.

The groundmass of this sample is thoroughly recrystallized, and
such that it is impossible to determine if the matrix contained a
significant vitric ash component. It is mainly composed of a fine­
grained but quite heterogeneous mosaic of secondary quartz and
subordinate feldspar with a dispersed speckling by sericite, with the
streaky grainsize changes in quartz defining a very diffuse foliation.
Occasional coarser-grained patches of polygonal quartz contain common
quite coarse-grained green chlorite, minor hematite(?) and sometimes
radiating messy brown epidote.
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SAMPLE NUMBER: 565520

LOCATION: ELLIOTT BAY

SUMMARY:
This is a volcanogenic sandstone, composed of coarser­

and finer-grained bands, derived entirely from
quartz+feldspar -phyric, glassy felsic volcanics, with a
significant vitric ash component in the matrix. It has
suffered recrystallization and sericitization, but is less
altered than most of the preceding samples.

HAND SPECIMEN:
This is a brown volcanogenic sandstone with a distinctly finer­

grained siltstone band at the top (?) of the sample.

THIN SECTION:
This is very clearly a volcanogenic sandstone derived entirely from

felsic, commonly glassy volcanics. In the coarser-grained sandstone,
detrital grains make up about 60 modal% of the rock and are dominated
by volcanic quartz crystal fragments mainly 0.5-1.5mm long, and
showing significant internal strain shadows. Quite distinctive but less
abundant are generally smaller fragments, often with curved perlitic
cracks, composed of polycrystalline quartz with intimately sutured
boundaries between quartz subgrains. These fragments were clearly
obsidian, or fragments spalled off felsic flow margins. Occasional
small, altered FeTi oxide grains are present throughout the rock, but
make up considerably less than one modal% of this sample. The matrix
of the coarser-grained sandstone is dominated by very fine-grained
sericite overprinting a fine-grained mosaic of intergrown quartz and
minor feldspar.

The finer-grained part of this thin section is a fine-grained
poorly-sorted volcanogenic sandstone, similar in every way to the more
coarse-grained part of this sample. However, silica-altered glassy
shards are still discernible in the matrix of this fine-sandstone,
despite extensive sericite alteration.
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SAMPLE NUMBER: 565528

LOCATION: ELLIOTT BAY

SUMMARY:
This is a well-preserved formerly glassy, sparsely

quartz+plagioclase-phyric rhyolitic lava.

HAND SPECIMEN:
This is a dark grey silicified felsic lava or volcaniclastic rock.

THIN SECTION:
This is a strongly recrystallized formerly glassy felsic lava, with

around 5 modal% of quartz phenocrysts and somewhat less abundant
albitized plagioclase phenocrysts. Most phenocrysts are less than 1mm
long and are notably rounded and resorbed. Quartz phenocrysts have
strain shadows, and feldspar phenocrysts are slightly speckled by
sericite. One or two small euhedra now composed of epidote may have
been former augite microphenocrysts.

Unlike all the samples described above, this sample has a
relatively even-textured and homogeneous groundmass with an excellent
fluidal texture that wraps around phenocrysts and is most unlikely to
have been volcaniclastic in origin. The groundmass is composed of a
very fine-grained mosaic of quartz and subordinate feldspar, and almost
certainly is derived from devitrification and recrystallization of glass.

A vein let of quartz and epidote is present and shows strong
boudinage and bulging. This sample is a well-preserved rhyolitic lava,
with significantly less structural and compositional alteration than the
foregoing samples described in this report.
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SAMPLE NUMBER: 565529

LOCATION: ELLIOTT BAY

SUMMARY:
This is a quite strongly altered metabasaltic dyke rock of

uncertain affinities.

HAND SPECIMEN:
This is a mottled dark grey-black very fine-grained metabasic lava

or dyke rock(?).

THIN SECTION:
This is a strongly altered aphyric metabasaltic dyke rock. It is

composed of a relatively fine-grained ophitic to subophitic intergrowth
of altered plagioclase and augite, with interstitial altered FeTi oxides.
The texture is almost obliterated in many parts of the rock. The
plagioclase laths are totally altered to a rather high-birefringent
sericite, and the augite altered to epidote and olive-green chlorite. A
few ovoid regions up to a few mm across, with very diffuse margins,
and composed of concentric epidote, chlorite and calcite cores; these
may be sparse former vesicles.

The extensive alteration of this sample, and the non-diagnostic
texture make it impossible to determine the affinities of this rock,
which is almost certainly a metabasaltic dyke rock. The style of
alteration is much more typical of the Cambrian sequences in Tasmania
than of the Jurassic tholeiites, and it is not petrographically like
Mesozoic lamprophyric rocks that I have seen. A chemical analysis of
this rock would be most informative.
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SAMPLE NUMBER: 565531

LOCATION: ELLIOTT BAY

SUMMARY:
This is a silica-sericite ± minor sphalerite rock

dominated by fine-grained polygonal secondary quartz. It is
obviously from a zone of intense silicification and
hydrothermal alteration.

HAND SPECIMEN:
This is a light grey very fine-grained and very strongly silicified

rock.

THIN SECTION:
All traces of the original texture of this sample have been

obliterated by intense and pervasive silicification. The rock consists
essentially of a very fine-grained mosaic of polycrystalline quartz with
mainly a very even-grained texture of interlocking polygonal quartz
grains. About 10 modal% of this quartz mosaic is made up of very small
stubby euhedral sericite crystals, and tiny opaque (hematite?) grains.
Veinlets of coarser-grained polygonal quartz transect the sample and in
several instances contain intergrown foxy red amorphous sphalerite.

This sample is clearly from a zone of intense hydrothermal
alteration and silica soaking. There is no way of knowing what the
original lithology was, if, in fact, this sample has replaced a pre­
existing rock in the alteration zone.
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SAMPLE NUMBER: 565532

LOCATION: ELLIOn BAY

SUMMARY:
This is a weakly foliated and strongly altered formerly

glassy quartz-phyric rhyolitic lava. Silica-sulphide
alteration is pervasive.

HAND SPECIMEN:
This is a dark grey-green very strongly altered felsic or

intermediate volcaniclastic(?) rock with significant disseminated
sulphides

THIN SECTION:
Thin section examination shows that this sample is very strongly

altered and texturally reconstituted. However, enough of the original
texture remains to suggest that it was a quartz-phyric rhyolitic lava,
probably highly glassy. Notably rounded and reacted quartz
phenocrysts, to about 2mm long make up about 5 modal% of this rock.
They are generally strained, broken and some show near-total subgrain
recrystallization. Feldspar phenocrysts are absent.

The groundmass of this rock is weakly foliated and totally
recrystallized, and consists of fine-grained and generally fairly even­
textured polygonal quartz pervaded by diffuse but subparallel veinlets
of dark green chlorite. Chlorite is often altered to a dark almost
isotropic material. Sericite also occurs as several mm wide bands
intergrown with chlorite and patchy sulphides. Almost colourless,
amorphous sphalerite, and trains of pyrite(?) are present mainly
orientated along the weak chlorite-defined foliation.

The relatively sparse quartz phenocrysts and lack of feldspar
phenocrysts are unlike typical Mount Read volcaniclastic rocks, whether
primary pyroclastic crystal-lithic tuffs, or transported and redeposited
volcanogenic sediments such as many of those described above. I
suggest that this rock was a quartz-phyric rhyolitic lava with a very
glassy groundmass, similar to sample 565528. Strong silica-sulphide
hydrothermal alteration has affected this sample, recrystallizing
devitrified glass and producing quartz-chlorite±sulphides.
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SAMPLE NUMBER: 565533

LOCATION: ELLIOTT BAY

SUMMARY:
This is a formerly glassy quartz-phyric rhyolitic lava

that was autobrecciated before being strongly silica-altered.

HAND SPECIMEN:
This is a grey-green strongly silicified felsic volcanic or

volcaniclastic rock with a texture in which diffuse darker green 'cores'
of less altered rock are surrounded by strongly silicified, lighter­
coloured material.

THIN SECTION:
This is a very strongly altered rock in which only ghost outlines

and traces of the primary texture are preserved. Quartz is the only
phenocryst phase, making up a few modal% of the rock and occurring as
angular to subrounded strongly strained grains that in some cases show
near-total subgrain recrystallization. Diffuse margins on former ovoid
fragments or clasts initially suggest that this rock was a
volcaniclastic. However, most of the fragments appear to have been
remarkably similar petrographically, suggesting to me that this rock
was probably a rhyolitic lava that was autobrecciated and subsequently
silica altered (ie. the texture is an example of a false brecciation
texture preserved but camouflaged by silica alteration. Hydrothermal
fluids responsible for the silicification probably migrated along
autobrecciation cracks, and soaked inward, producing the present
texture.

The formerly glassy groundmass is mainly an even- and quite fine­
grained intergrowth of polygonal sugary secondary quartz variably
riddled with sericite, which in some places forms almost
monomineralic bands. A very small amount of chlorite associated with
areas of slightly coarser-grained secondary quartz is also present.
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SAMPLE NUMBER: 565534

LOCATION: ELLIOn BAY

SUMMARY:
This is a very strongly altered and recrystallized rock

that was probably a volcanogenic sediment derived from
quartz-phyric felsic volcanics; it has suffered strong silica­
sericite±pyrite alteration and recrystallization.

HAND SPECIMEN:
This is a mid-grey strongly silica-altered felsic volcanic or

volcaniclastic rock.

THIN SECTION:
This is in many respects very similar to the previous sample, in

that it contains ghost 'clasts' or fragments' to about 1cm long that are,
in fact, very similar petrographically to one another. Unlike the previous
sample. however, this rock contains far more abundant quartz crystal
debris, ranging from small angular crystal fragments to almost entire
phenocrysts often somewhat rounded and resorbed. The appearance and
abundance of this quartz crystal debris is more reminiscent of a crystal
tuff or volcanogenic sediment than a felsic lava.

The groundmass of this rock varies mainly in the ratio of fine­
grained sericite to fine-grained sugary secondary quartz. It is so
extensively recrystallized that it has no trace left of the primary
texture; however, I suggest that the groundmass of this sample was
originally quite glassy. Small pyrite cubes are disseminated through
the rock, but make up much less than 1 modal% of this sample. A few
spots of colourless sphalerite are also present.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•

SAMPLE NUMBER: 565535

LOCATION: ELLIOTT BAY

SUMMARY:
This is a strongly silica+sericite±sphalerite-altered

volcanogenic sediment derived from quartz+feldspar-phyric
felsic volcanics.

HAND SPECIMEN:
This is a rather weathered dull grey felsic volcanic with patches

of Fe-stained clay and a possible fragmental texture.

THIN SECTION:
This rock is strongly altered and recrystallized, making definitive

assignment difficult. However, texturally it seems that it was probably
a volcanogenic sediment derived from felsic volcanics. Framework
grains include albitized plagioclase phenocrysts (3-5 modal%) and
quartz phenocryst, most of which are broken, strained and partially
recrystallized. Some of the detrital feldspar has an unusual cross­
hatched appearance making it difficult to decide whether it is K-spar,
or more likely, strained albite.

The matrix of this sample is texturally heterogeneous, perhaps
partially reflecting original groundmass texture variations in clasts in
the rock, and partially reflecting variably intense silicification of the
original matrix of the sample. Most of the matrix is a mosaic of sugary
secondary quartz with disseminated interstitial sericite. In places, the
sericite aggregates, and forms wide bands that are partly weathered to
dull almost isotropic clayey material. Diffuse and amorphous patches
of colourless sphalerite are quite common in this rock
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SAMPLE NUMBER: 565536

LOCATION: ELLIOTT BAY

SUMMARY:
This is probably a volcanogenic fine sandstone derived

entirely from quartz+feldspar-phyric felsic volcanics.
Although showing some silica-sericite alteration, it is less
altered than most other samples in this set.

HAND SPECIMEN:
This is a pale grey quartz+feldspar-phyric felsic volcanic rock or

crystal lithic tuff, lacking a well-defined fragmental texture.

THIN SECTION:

This rock consists of about 10 modal% of mainly broken crystal
debris, dominated by quartz but with subordinate albite, set in an
altered matrix in which clear evidence is preserved for the former
presence of glassy ash. All the crystal debris is less than about 1mm
long, and the quartz grains are strained and partially recrystallized,
especially along fractures and some crystal margins. Feldspar crystals
are weakly sericite-speckled albite.

The matrix of this sample has a rather fluidal appearance defined
by stringers and elongate patches of sericite pervading the matrix, and
rather elongate secondary quartz in places possibly replacing glassy
shard material. The matrix texture is difficult to interpret as either a
devitrified and recrystallized fluidal and welded felsic glass, or an
altered glassy ash. The implications of either are little different.

This is either a volcanogenic sandstone or a crystal vitric tuff. It
is hard to choose between the two possibilities due to alteration and
recrystallization of the matrix. My feeling is that this rock formed
from rapid reworking and redeposition of very proximal felsic
pyroclastic ejecta.
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044015

SAMPLE NUMBER: 565578

LOCATION: ELLIOn BAY

SUMMARY:
This is a finely but weakly foliated siltstone possibly

derived from the recrystallization of a glassy ash-rich
sediment.

HAND SPECIMEN:
This is a banded and weakly foliated very fine-grained grey-green

metasediment.

THIN SECTION:
This is a weakly foliated siltstone with the foliation defined by a

strong sericite recrystallization fabric. Detrital minerals identifiable
are essentially all volcanic quartz grains <O.OSmm across. Much of the
quartz in this rock, however, appears to have grown along the foliation
during recrystallization. Small spots of pale green chlorite are present
but not common, and discontinuous trains of tiny altered opaque
minerals occur along many foliation planes.

It is difficult to be sure, but this sample may have been a felsic
glassy ash that has recrystallized to sericite-quartz, the same
alteration assemblage that dominates these exceptionally droll Elliott
Bay rocks.
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APPENDIX II
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pU Prrp SPOOb,SP019

Mr R de Bomfol'd
Aberfoyle F(eSOllrces L..imi ted
P.O. Box 952
BURNIE TAS 7320

CU,Pb,ln/6A10l

REMARKS
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1<565,515/520,528/52'1,536,578

I
I

RO Prep I GPOO~,GPOI8 Cu,Pb,ln,Ag/GAIOI

Au, Au (R) 1GG30~

8i,As,Cr,lr,Ti,Y,Ti:Zr/GI401

Mhale Rack Anilysis/Ol40B

Mr S Richardson
Aberfoyle Resources Limited
F'.O. Box 9~2

BURNIE TAS 7320

REMARKS



5 <5 4 <0.008

2 565515 4 114 109 <2 <0.008 1250 <2 <5

3 565516 4 58 131 <2 <0.008 980 6 35

4 565517 5 72 110 <2 <0.008 590 <2 <5

5 565518 4 27 100 <2 <0.008 1150 <2 35

6 565519 40 2400 637 <2 <0.008 0.008 440 5 6

7 565520 10 5 31 <2 <0.008 1050 2 7

8 565528 5 23 120 <2 <0.008 1300 <2 14

9 565529 9 <5 277 <2 <0.008 940 20 700

10 565536 8 19 25 <2 <0.008 1350 4 <5

11 565578 9 9 29 <2 <0.008 700 5 25

12

13

14

15

16

17

18

19

20

21

22

;i~i ;~\~;?~:,-=,..r 5 4 0'.008 0.008
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565515 300 2380 7.9 40 10.81 77.0 0.40 1.86 0.19

565516 250 3000 12.0 40 12.97 73.1 0.50 3.70 0.19

565517 210 1740 8.3 45 12.30 76.1 0.29 2.46 0.11

565518 310 3460 11.2 55 16.27 67.0 0.58 4.26 0.23

565519 190 1400 7.4 30 10.92 75.6 0.23 5.29 0.21

565520 220 1590 7.2 35 12.40 76.3 0.26 2.54 0.07

565528 290 2510 8.6 45 12.96 73.5 0.42 2.67 0.15

565529 520 8790 16.9 45 19.80 40.6 1.47 12.85 0.49

565536 240 1710 7.1 50 14.46 73.2 0.28 2.21 0.07

565578 230 2100 9.1 40 13.75 74.5 0.35 2.01 0.04

22

23 DETECTI ON " 5 50 0.05 : 0.01 0.01 0.01



~6~~1~ 1.36 4.28 0.49 0.039 1.46 2 •.12

565516 0.~8 3.27 1.55 0.071 1.81 1.88 0.02 99.65

565517 0.37 2.41 1.06 0.043 3.65 1.06 0.02 99.87

56~518 0.71 4.58 1.93 0.087 1.92 2.61 0.01 00.15

565519 0.43 1.80 1.00 0.026 2.51 1.68 0.05 99.73

565~20 0.09 3.91 1.08 0.033 2.10 1.47 0.03 00.29

565528 0.73 5.06 0.95 0.067 2.74 0.99 0.01 00.27

565529 7.61 6.80 6.45 0.702 0.42 2.96 0.01 00.15

565536 0.08 4.37 0.91 0.016 2.44 2.11 0.01 00.16

565578 0.17 4.87 1.13 0.059 1.15 2.19 0.03 00.2~
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1565542/554

565542/554

1565542/554

565542/554

1 j65542/554

•

RC Prep, SP006,GP009,SP019

RC Preo :

RC Prep :

RC Preo :

RC PreiJ :

fY'I" F~ de Bom"fD/"[f
Aber"foyle f~e~;o,.,~ces l_:i,nlj.ted
P n () .. Bo x 9 ~:)~':':

BURNIE TAB 7320

Cu,Pb.ln,Ag/SA10l.ln/SAJ04

Au,AuIRl,AuISl/SS309

Sa.As,Cr,lr,Ti.TilrISX401

Whole Roel AnalYSls/OX40B

Co.Nl.Sa.~o.Cd.ln~Sn,Sb,W,Tl,Bi.

/GI222~Se~Te/6Hl17,MQ/61122

REMARKS



2 565543 9 432 423 <2 <0.008 1100

3 565544 27 72 154 <2 <0.008 500

4 565545 323 90 464 <2 <0.008 20C

5 565546 17 153 280 <2 <0.008 61C

6 565547 13 88 820 <2 <0.008 7IC

7 565548 6 166 807 <2 <0.008 90C

8 565549 28 385 606 <2 <0.008 110e

9 565550 86 3390 1.10 3 0.018 80':

10 565551 37 814 1510 <2 0.008 125C

11 565552 8 437 702 <2 <0.008 - <0.008 105C

12 565553 <4 162 776 <2 <0.008 <0.008 83C

13 565554 7 147 204 <2 <0.008 135C

14

15
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19

100.008

· _. ~ -~ ..' .

.0.01
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260 1870 1.93

2 565543 150 1140 7.6 79.5 0.19 10.56 3.09

3 565544 8 8 110 960 8.7 79.6 0.16 8.89 5.67

4 565545 40 13 120 920 7.7 69.1 0.15 8.12 14.8'"

5 565546 12 5 140 980 7.0 79.1 0.16 9.35 5.07

6 565547 12 <5 140 1100 7.9 79.8 0.18 10.06 3.32

7 565548 9 <5 160 1220 7.6 81.0 0.20 10.56 2.04

8 565549 20 <5 140 1180 8.4 79.9 0.20 10.14 3.1 ::-

9 565550 30 25 100 1090 10.9 82.4 0.18 7.32 2.2:,

10 565551 2 16 180 1400 7.8 77.5 0.23 12.20 2.21

11 565552 2 <5 170 1380 8.1 78.2 0.23 12.11 1.SS:

12 565553 25 <5 150 1170 7.8 80.5 0.20 11.05 1.61::

13 565554 20 7 160 1310 8.2 79.2 0.22 11.39 1.6::-

14

15

16

17

18

19

20

21

22

i.",;.,,50 ,,;~g~,:.,J ii. 0~O5
:,,~;-,.--,

. :,;0.1
-, ........ ,..........-..-0 ..,. C;"",-..",.-t'>' .• ':"",~.,';;-"'J','_",,_,''''-

~'f.w.',-,"\, - :.,,....,

" !p'm
~ ...~ ..:••... .',"J""'.'

;':~,t)~-:,ji}~'

. GX401,:,;.._"'C(\·lit..,.;-,~



565542 0.18 0.71 0.27 0.46 4.60 0.020 0.05 2.39 00.03

565543 0.15 0.68 0.03 <0.05 3.48 0.014 0.09 1.85 99.6e

565544 0.25 0.87 0.02 <0.05 2.42 0.012 0.45 2.06 100.40

565545 0.66 1.66 0.14 0.09 0.92 0.013 1.89 3.93 101.4<;

565546 0.23 0.82 0.03 <0.05 2.76 0.013 0.77 2.27 100.6e

565547 0.09 0.69 0.01 0.08 3.27 0.019 0.29 1.97 99.7';

565548 0.04 0.55 <0.01 0.07 3.82 0.014 0.26 1.82 00.37

565549 0.05 0.52 0.02 <0.05 3.69 0.017 0.85 2.21 100.Be

565550 0.04 0.53 0.03 0.40 2.68 0.015 1.63 2.18 99.6:

565551 0.06 0.70 0.02 0.11 4.19 0.018 0.66 2.56 100.5::

565552 0.07 0.64 0.02 0.08 4.18 0.022 0.29 2.32 99.75

565553 0.06 0.46 0.02 0.08 3.80 0.018 0.13 1.99 99.9-

565554 0.05 0.47 0.01 0.07 4.2B 0.020 0.22 1.86 99.46
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I

565542

2 565543 1.85 <0.1 <0.1 0.015

3 565544 1.24 <0.1 <0.1 <0.005

4 565545 0.51 <0.1 <0.1 0.025

5 565546 1.32 <0.1 0.1 0.015

6 565547 1.42 0.55 <0.1 <0.1 0.025

7 565548 1.86 0.99 0.1 <0.1 0.050

8 565549 1.69 0.86 <0.1 0.2 0.050

9 565550 0.54 0.54 0.1 <0.1 0.640

10 565551 3.59 0.47 <0.1 <0.1 0.180

11 565552 2.55 0.3 0.9 <0.1 0.025

12 565553 1. 74 0.30 4.7 <0.1 0.025

13 565554 2.01 0.4 <0.1 <0.1 <0.005
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Division of Exploration Geoscience
Institute of Minerals. Energy and Construction

51 Delh Road. North Ryde:. NSW. Postal Address: PO Box 136. North Ryde, N'SW 21 J3
Telephone: (02) 887 8666. Telex; M2SSI? Fax: (02) 887 8909

Chief: Dr. B.l.J. Embleton
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I 13 March 1992
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Mr steve Richardson
Aberfoyle Resources
Private Bag 4
Burnie TAS 7320

Dear steve,

The results of sulfur isotope analyses on pyrite from samples
provided.

COT

Replicate analyses of standards are generally better than ±0.2.

We will be happy to repeat any of the analyses if you have any
problems. We will return the samples to you unless we hear to the
contrary within the next few weeks.
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565531
~56553"2A

~65532B"

565533
565534

14.3
11. 3
8.9

11.8
11.5

Regards

//1 \...1 - 0 ....I.- "\
(.~ -_.....J'

Anita Andrew
Senior Research Scientist

F__

Location: Underwood A....enue, Floreat Park
PmtaJ Address: CSIRO Prwale Bag. PO Wemb1ey WA 6014
Telephone: (09) 387 0200
Telex: AA92178
Fa,q09) 387 8642
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R e e ] c n one

3

n ,5 r J

Undfield
Location: Bradfield Road. Lindfield
Po:>tal Address: PO Box 218. llnd(leld NSW 2070
Telephone: (02) 413 7733. 4t3 721!
Telex: AA16196
Fax: (02) 4167902
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Seven targets identified from the Questem survey as having a possible bedrock source
were for followed up. (EB I, EB2, EB3, EB5, EB7, EB8 and EB9).

Using techniques described in Silic, 1987 (see attached), EB2, EB3, EB5, EB7, EB8 and
EB9 were identified as being caused by broad near surface slightly conductive
formations, representing overburden inhomogeneities or broad lithological units
such as shales.

Response over EBI however is somewhat enigmatic. Although, obvious effects due to
a broad near surface overburden conductor (confirmed by dipole-dipole surveys) are
evident in the data, a more complex model than a simple overburden trough is
needed to explain the results.

Two possible models may explain the EBI response.

The first one is an overburden trough with significant thickness or conductivity
variations at about its centre position. The second model includes a poorly conductive
bedrock target below the overburden trough.

This ambiguity can only be resolved by a drill test.
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Interpretation of TDEM Data Using First and Second Spatial
Derivatives and Time Decay Analysis

J. Silic
Aberfoyle Resources Limited
1st Floor
t23 Camberwell Road
Hawthorn East Vic 3123
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Abstract

Current gathering in fixed ioop electromagnetic data oNen
dominates responses from large high-grade are bodies as well
as responses from less desirable features such as fault zones,
weathering troughs and regional conductors. Through decay
curve analysis, current gathering can now be unambiguously
recognised.

Many widely used EM interpretation techniques are not
applicable to current gathering (channelling) responses. An
eNective method of deriving the location and shape at the
causative source is to study the second spatial derivative, as
is shown in several examples.

Key words: Time Domain eJeclromagnetics, _spatial derivatives. decay
analysIs, current gathering. depOSits, tormalLonal conduCtors

Introduction

The discovery of the Hellyer orebody in Tasmania by Aberfoyle
Resources (Silic et ai, 1985), has shown that important
economic discoveries need not be characterised by long time
constant, time domain electromagnetic (TDEM) responses.
At the time of the discovery it was recognized that the Hellyer
response was largely dominated by current gathering eNects,
and that other non-economic features such as lithologies or
weathering troughs which have a resistivity contrast with their
surroundmgs, may produce responses lasting to similar times.
Some authors have reported on some of these problems from
case histories as diNiculties or limitations of TDEM (Spies and
Parker, 1984; Irvine and Staltari 1984).

The purpose of this paper is to show that these problems can
be overcome; to discuss decay analysis techniques for
recognising responses which are largely dominated by the
'static' interaction between the half spaces electric field and
the target, commonly known as current gathering (West and
Edwards, 1985), and to lliustrate the use of the spatial
derivative of fixed loop TDEM data in recognizing the
geometry of the conductive targets. Only the 2-D solution for
the geometry of the targets wlli be presented; however, the
concept can be extended to 3-D bodies.

Application of the Integral Equation Method

Numerous authors have discussed the generalized frequency
domain integral equation for the total vector electric field that
is composed of a primary field EP within a half space

perturbed by a secondary field SS tram a local conductivity

variation within the earth (Hohmann, 1975; Raiche, 1974;
Weidelt, 1975). Similar formulations apply to the solutions for
the magnetic field (eg. West and Edwards, 1985). San Filipa
and Hohmann (1985), and Oristaglio and Hohmann (1984)
have successfully obtained solutions for the time domain.

The purpose of this section however is not to discuss the
soiutions for the 'scattering' or 'anomalous' current lQ:',t)

within the inhomogeneity, but rather to determine the eNect
of a conductive haif space on the problem of determining the
secondary magnetic field from the scattering current. The
equation relevant to the problem expresses the secondary
magnetic fieid as

,
H!f Cr t) " ,-I Gh(r,r',t-t) JS(r',c) dtdr' -(1)
- -' vo - - - - - -

and oniy the convolution integral

,
10::.(!.,!.' ,t-t) «r' ,t)dt -Cia)
o

needs to be considered. To stUdy this eNect the Green's tensor
solutions for a line source in a half space were evaluated (Silic,
1989). By assuming that current density with an arbitrary time
dependence can be synthesised as a discreet or continuous
surnof exponential decay functions I

n
e-tltn it was concluded

by evaluating equation 1a for a number of time constants Tn,

that tor iJ~r2;;: 1.0 (r being the distance to the source, 0 the
halfspace conductivity) and measuring times up to about
l,T n , free-space approximations may be used to relate the
magnetic-field components to the current source, although
in some instances a time delay which is largely a function
of o\.lr 2 may have to be incorporated into the calculation (Silic,
1989).

Identical results are obtained for a current dipole which is
relevant to the 3-D problem. As an example, for a 20011m half
space, and a distance r of 200 m, (J~r2 - 1.0 gives a lime
of 252 microseconds, a very early time lor most TDEM
responses.

However the preceding conclusions are not suggesting that
the half space is not aNecting the current distribution within
the inhomogeneity at these 'late' times since the two eNects
can scale diNerently in time. It is only suggested that free
space approximations may be used to relate the magnetic
lield to a current source. This concept is vital to the following
sections.
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Recognition of Current Gathering
Responses:

West end Edwerds (1985) have shown by studying the
response of a disk inhomogeneity in a conductive half space
that to calculate the scattering current. direct interaction
between the scattering current and the eddy currenlS they
induce in the host medium may be neglected to a first order
approximation. These static or DC solutions suggest that in
the case where the body is reasonably compact, and the
primary electric field has the same general direction
throughout, then as long as the target's 'skin effect' does not
dominate, current gathering 'anomalous' current density
~gs(r',t) may be written from magneto metric response

solutions (eg. Edwards, 1974) as,

where C is a conductivity contrast/geometrical (body shape)
function.

The current gathering 'anomalous' current density will then
essentially have the time dependence of the primary electric
field in the vicinity of the body. Therefore, as long as the 'late'
time free space approximation from the previous section is
valid, the magnetic field will have the same time dependence.
To study this time dependence, electric field in a half space
solutions from Lewis and Lee (1978) and Sillc (1987) are used.

It is shown that for step TDEM systems (eg. UTEM, West et
ai, 1984) at 'late' times when (a 2 + z2 + 1"2) ~ « 1.0 where
a is the loop radius, r is the distance from the loop centre and
z is the depth,

p a 2r ou 5/2 5a 2rzr(5/2) !!flJ (.2.!!.)5/Z _())
E (r,z,t) • -- (-) + 8 ~ 4
- 400 Ii t 4 c.." t t

while for the impulse systems (Buselli and O'Neill, 1977;
McNeill, 1982)

Essentially at 'late' times the step system electrical field is
characterized by a t'" power-law decay, while the impulse
system's electric fields will have a t'" time dependence. To
determine whether current gathering effects are dominating
the response, a power law decay is fitted with care to the latest
anomalous times. If this power law then dominates the
response for most of the anomalous time, and ilS exponent
depending on the system is close to -512 or -7/2, then current
gathering effects may be inferred.

It is also recognized from Kaufman and Keifer (1985), that the
'very late' time inductive effect, when the vortex currenlS in
the conductive target are following the decay of the half space
magnetic field, will also have a t'" or t"'power law decay.
However, this effect may only be important for thick or
relatively flat~ying targets since the'directlon of the half space
primary magnetic field is relatively vertical at the 'late' times.
However, unlike the current gathering effect, it begins as a
'vary late' time phenomena. As such it is not expected to
dominate the response for most of the anomalous time.

044077
SILIC

Interpreting Spatial Derivatives of Fixed
Loop TDEM Data

Different interpretation methods must be used for current
gathering anomalies than for vortex current induction
responses. The strength of a current gathering effect is a
function of conductivity contrast between the anomalous body
and the host medium, the body's geometry and the
conductivity of the half space, whereas the time dependence
of the response is largely a function of the host medium's
primary electric field. The latest time at which the anomalous
response will be detected, will therefore be largely a function
of the maximum amplitude of the magnetic field at early time,
this also being a function of depth or distance to the conductor
Therefore, discriminating techniques which rely on
conductivity-thickness estimates from decay analysis, or the
latest time affected by a conductor, are not valid for current
gathering responses.

This section looks at the problem of attempting to obtain the
shape of the conductive source from spatial derivative data,
and ilS implementation as a discriminating tachnique. It is
reasoned that if the shape of the target can be estimated from
the profile data, then we may discriminate between the
conductive bodies on the basis of their interpreted geometry.

1: Theoretical Considerations

By using the approximation discussed in the previous section
that at 'late' times free space Green's tensors may be used
in equation 1, considerable simplication results in evaluating
the potential field problem which links the magnetic field
components to a current distribution. In this section, only
results for 2-D bodies will be discussed. Formal solutions have
been obtained for arbitrary current distributions within dipping
sheets and blocks; however only some of the formal solutions
for a dipping current sheet will be presented, as they have
a similar, but simpler form to block conductor formulations
(Silic, 1989). More complex shapes can be modelled by a
superposition of a number of blocks and sheets. By assuming
that a current density distribution can be expressed as a
polynomial, then analytical solutions for the vartical (Hz) and
honzo-ntar (Hx) flilIa components are obtained using
Gradshteyn and Ryzhik (1980). Furthermore by manipulating
the integral equation which links the magnetic field
components to a current density it is shown (Silic, 1989) that
the first and second horizontal spatial derivatives of the
magnetic field components are related through a set of
geometric lunctions to the current density and its first spatial
derivativa at the edges 01 the conductor. As a result a number
of simple relationships between the first and second
derivatives of the magnetic field components and the edges
of the conductive units are obtained. For example, for relatively
uniform current flow in a current sheet

where J{O) and J(L) are the current densities at the respective
edges of the sheet, whife x, h and XL' hL, are the horizontal
and vertical distances to the edges. This function Is completely
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Figure 1 illustrates these important points. Some responses
are superficially similar. For example the magnetic field over
a vertical sheet at depth may approximate the vertical
magnetic field over a wide sheet. However, the second

. derivative method will highlight the short halfwidths in the
derivative over the 'shallow' edges of a flat lying sheet and
allow the discrimination between the two responses as will

independent of dip, and is a sum of two bell shaped functions
which peak over the edges of the sheet with halfwidths 2h
and 2hL.

Similarly it is shown that over a current sheet that is flat lying
and has unilorm current (eg. current gathering weathering
trough), the second horizontal derivative of the vertical
magnetic field peaks over the edges of a sheet with halfwidths
equal to the depth to top of the sheet. The peak to peak
distance in the vertical magnetic field however, is always
greater than or equal to the width of the sheet. In cases where
the width of the sheet is large in comparison to Its depth to
top, the peaks in the second derivative and the vertical
magnetic field are in close proximity to each other. Similar
conclusions apply for non-uniform current flow (Silic, 1989).

I

I
I
I
I
I , i ii' , iii i

the 'proximity' of the second derivative maxima w~h respect
to the peaks in the vertical magnetic field, Over vertical
conductors the peaks In the second derivative lor Hz are at
least a half dapth unit closar to the cross-over point than the
peaks in the magnetic field (Silic. 1989). By considering block
conductors, similar conclusions apply; second derivatives
peak over the edges of relatively steeply dipping blocks, with
halfwidths equal to twice the depth to top. Also, in comparison
with sheets, the inflaction points of the vertical magnetic field
are further out from the edges. Discrimination between block
conductors, simulating brOad lithological units. and relatively
steeply dipping sheets than depends on the identification of
block edges through the second derivative technique.

2: Analysis 01 Field Data

All three techniques, the forward modelling of the magnetic
field. components and first and second derivatives have the
capacity to recognise the shape and location of conductive
bodies. The spatial derivatives however, are preferred as they
have a set of simple relationships with the edges of an
arbitrary shaped conductor as discussed previously.
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FIGURE 1
Nonnllized verticil (Hz) mlgnltlc fleldl (bottom) Ind l8Cond horlzon181 derlVllIVII (top) over I current Iheel wtth I coll8llnt current.
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Second derlvetlve pelks "" eloM to the mlnlml Ind the ml.lml In the vertical megnelle field.
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Four lield examples, all 01 which have e dominant current
gathering t'" 'late' time decay and a scale model data set
will be used to illustrate interpretation techniques which are
based on the insights from previous sections. 01 the lour field
examples, two are over world class orebodies, one is over a
mhologlcal conductor which shows superficial similartties with
responses over the two orebodies and a lourth is a complex
response which may contain a worthwhile exploration target.
No second derivatives are actually calculated lor reasons
discussed in the following section. However to lollow the logic
01 the arguments it is sufficient to know that the locations 01
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the peaks in the second derivative can be estimated as points
corresponding to the maximum change in the slope of tha
raw data, and that zeroes occur where the slope 01 the raw
data does not change over some profile length. The examples
are used not so much to give a recipe lor the interpretation
technique but rather to demonstrate the general principles
on which an interpretation can be based so that a plausible
explanation tor the EM processes and lor the shape 01 con­
ductive bodies can be obtained. Both the qualitative technique
and the present limitations to the quantitative approach will
be discussed.
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FIGURE 3
UTEM (Hz) data from Hellyer ore body. The variation in the slope of the profile is continuous and smooth Indicating 8 broad second
derivative. No obvious edge effects are evident. The decay between the two arrows is dominated by a ~.7 power law decay and so
a current-gatherlng effect is inferred. •
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UTEM scale model data in Figure 2 adapted from Macnae
et 8/(1983). shows that every edge w~hin a conductor, (in
this case representing variations within the overburden).
corresponds to one of the maximum changes in the slope
of the profile. Away from these second derivative peaks
the slopes are relatively constant. indicating a 'narrow'
second derivative and therefore that the source is shallow.
This is supported by the fact that the peaks in the second
derivative are also close to the minima and/or maxima of
the anomaly due to the variations in the overburden as
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By visually estimating the variation In the slope of the Hz
profiles, we can determine the location of the second
derivative maxima and its wavelength. We can use this
information in conjunction with Hz data, to estimate the
shape of the source and its depth to top. In particular any
sudden changes in the slope are to be understood as
indicating a shallow edge to a conductive unit, or an abrupt
variation within a wider conductor.

(a) Qualitallve Approach
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Smoother changes correspond to the deeper tennln.tl~nL Edge 5 outlines a nonprospectlve outcropping conductor. The decay anatysls
for the data between the two arrows, shows that 8 t'.Ji 'late' time asymptote domlnatea.
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discussed in the previous section. Other maximum
changes in the slope are due to normal thin layer, early
to late time moveouts,

This simple analysis could have led Spies and Parker
(1984) and Irvine and Staltari (1984) to recognise their
responses as being due to variations in overburden and
not from a conductor at depth.

The response over the Hellyer deposit in Tasmania shown
in Figure 3 is dominated by a 'late' time to' power law
decay and hence current gathering effects may be
inferred. The reason that current gathering dominates is
that in this cross section the dimension of the deposit is
small in comparison to its depth. Theretore, at the surface,
vortex fiow effect is small compared to the magnetic
field from unidirectional current gathering fiow. This is not
to say that the body is a poor conductor. The time constant
obtained from down hole EM measurements is about 3­
4 milliseconds (Eadie, 19S7). In spite of the fact that current
gathering was known to dominate this response, the
conductor became a primary target because the visual
eS1imate of the second derivative of the profile shows a
smooth continuous variation not indicative of any obvious
edge effects Which may be related to a broad shallow
formational conductor,

The response over the very iarge Red Dog depOSit (Van
Blaricom and O'Connor, 1986), is dominated by a current
gathering effect, due to its bulk resiS1ivity of 125 llm (Figure
4). Any attempt to explain these results in terms of a free
space model fails. However the maximum changes in the
profile siope uniquely correspond with the edges of the
mineralization, with the smoother slope variation
corresponding to deeper terminations. The response
between edges 2 and 3 is not diagnostic of any particuiar
source and interpreting it by conventional techniques
would result in identification of a shallow conductor.
However connecting edges 2 and 3, with the deeper edges
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at 1 and 4, results in a unique interpretation of a
substantial, mOS1ly buried flat-lying target. As a compari­
son, the response marked by edge 5 is interpreted to be
a very broad and outcropping source, and surface
inspection downgraded it as a prospect.

Superficially, the current gathering response in Figure 5
is similar to the Hellyer enomaly. However, analysis of the
very sudden changes in the slope of the profile identifies
very shallow edges (less than 10 m from sUrface) from a
broad conductive un~. In this area, this was not considered
to be an orebody target.

A more complex profile (Figure 6) can be evaluated as a
superposition of a number of responses, some of which
show obvious near surface adge effects as sharp changes
in the slope of the curve. Their locations have baen
confirmed by a conventional resiS1ivily survey. These
anomalous responses all have an approximate t'" 'late'
time power law decay lasting until about 4 ms, and have
no separation in time. However, since the objective on this
property is to find a deeply buried deposit, the smooth
continuous variation in the profile's slope, indicating a
'broad' second derivative gave evidence of a primary
target. in this case the smooth part of the profile is outlining
only a part ot a normal cross-over type anomaly making
quantitative interpretation diffiCUlt.

(b) Quantitative Approach

The problem posed in the quantitative approach is to
remove or identity responses from sources which are not
considered to be of economic importance, and to
quantitatively interpret the second derivative.

As an example the profile data from Figure 6 is splined
and the SUbsequently splined second derivatives is
produced (Figure 7). This highlights the 'broad' non-zero
second derivative and the near surface edge effects.
Since, as discussed earlier, the halfwidth of the second
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derivative data due to broad conductors is approximately
equal to its depth to top, a problem is encountered, Fifty
metre sampling of the data, as was done in this case,
seriously undersamples the field data for very shallow
sources. The splined second derivative data in this case
has minimum halfwidths of about 50 metres. As a result,
any attempt to quantitatively 'emove the shallow 'edge'
effects is inaccurate. More closely spaced profile data is
needed to accomplish this.

The quantitative approach to this type of interpretation is
still being developed. A simple filter has been formulated
to remove shallow edge effects from data, and a full
inversion technique is the next step.

Conclusion

We in the exploration industry who have worked on interpre­
tation problems have been frustrated over the difficulty of 30­
EM generalized modelling techniques to provide answers and
inversion algorithms that are usable over a complex set of
conductivity structures. As a result the historical tendency has
been to discriminate between responses on the basis of their
time constants or latest anomalous times. Our experience has
however shown that this can be a very dangerous practice,
if current gathering effects dominate, as the examples over
the Hellyer and Red Dog deposits illustrate. As a result a new
discrimination technique had to be found. Current gathering
effects can now be recognised through decay analysis, and
information about the shape and location of the source can
be derived through analysis of the spatial derivatives. Although
only some aspects of the spatial derivative and these new
modelling techniques have been discussed in this paper and
examples have been restricted to understanding current
gathering responses, the technique can be applied to a
completely general current flow.
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FILE NOTE:

EB1 RESPONSE

Introduction

It was previously reported that the responses over the EB1 target are
unambiguously caused by current gathering effects, and therefore it could not be
unequivocally stated that the effects are caused by significant sulphide
accumulations.

It was also recognised that the EB1 trend is complex with a number of obvious near
surface broad conductors complicating the interpretation.

At that time it was not resolved with 100% certainty whether the major part of the
response is due to a deep bedrock source, as it was also understood in a
qualitative way that an asymmetrical wedge type overburden feature (not often
encountered) may produce a similar result.

To resolve this ambiguity it was recommended that resistivity dipole-dipole data be
collected over two lines.

Dipole Dipole Resistivity Data

Two lines, 41800 and 42050N. of dipole-dipole data using a dipole spacing of 25
metres were collected over the interpreted near surface resistivity lows.

On line 41800N a near surface resistivity low is interpreted to be between 2425E to
2600E. This low is asymmetrical, with lower resistivities evident on the eastern side,
(Ftgu,--e 1). supporting the original interpretation of a near surface wedge type
slightly conductive body.

Similarly on line 42050N (Figure 3) a slightly conductive near surface body is
located between 2275E and about 2450-2475E, although the eastern edge is
somewhat more diffuse (i.e. not a sudden change in the resistivity pseudo-section).
Wedge type trough nature of the pseudo-section is evident with lower resistivities
favouring the eastern side of the body, as was predicted from the EM data.

Conclusion

Dipole-Dipole resistivity data over lines 41800 and 42050N, supports the original EM
interpretation that a broad near surface unit having a lower resistivity than the
surrounding rocks, exists at the location where some EM effects may be attributed
to a possible bedrock source. The dipole-dipole resistivity data is also supporting
the concept that the near surface lower resistivity unit may be wedge shaped, with
more conductive and/or thicker sections concentrated towards the eastern
boundary.
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As was pointed out in the earlier discussion of this data set, this considerably
complicates the interpretation of a bedrock source below this near surface
conductive zone.

The field data set displays, some characteristics which can be explained in terms of
a broad near surface wedge trough model, however cannot be explained by this
model alone.

Although it is understood that an ''imperfect'' wedge trough (I.e. one at variance with
the idealised scale model) may explain these deviations, it is also understood that a
poorly conductive (current gathering) bedrock source beneath the identified slightly
conductive trough may also explain the observated data set.

It is recommended that because of the favourable geology, the latter model be
tested on line 41800N, with a drillhole designed to intersect a source at a depth of
200 metres at 2525E.
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CLIENT ORDER No PAGEREPORT DATE

ANALABS

REPORT NUMBER

ANALYTICAL DATA

~.

(
A Division oIlncl'lcBpel~~'Tt.ting ~.,Aulltalia ~. L~' ,

- A.c,N,'o04591 '664 ;":'~~fV>' c" ',~,C ~,

(

SAMPLE PREFIX

9

1100560.60.08625 24/03/92 112139
1

1 OF 3

I
TUBE SAMPLE CU Pb Zn Ag Ag Au ~u(R ) ~u(S) SaNo. No.

0.0121 565561 208 53 41 <2 - 0.010 - 1150

I 2 565562 189 49 31 <2 - 0.008 0.010 - 970

3 565563 40 26 33 <2 I - 0.008 - - I 1150

I
I

I
<0.008 I4 565564 206 22 63 <2 - - - 1250

Ii 5 565567 2340 2400 2050 - 34 0.358 - - 140

6 1565590 <2 1 <0.008 I ~0.0086 11 56 - - 600I

7 I I I I I I,
I i I

I I I
!8 i.

,

I
,

!
! ri ,

I
--+----+---+---+---+-----'---+-------i--------;---T--

I
10

11

I
I
I
I

I I , ,
15 I ,

i ! iI
r I ,

i
I I

,

16 I I I

I I
,- i

I I
I, I i I,

18 I
I I ,

I! I I
19 I

, 20

21

22

I 23 DETECTION 4 5 4 2 5 0.008 0.008 0.008 10

24 UNITS ppm ppm ppm ppm ppm ppm ppm ppm ppm

I 25 METHOD GAI0l GAI0l GAI0l GAI0l GAI04 GG309 GG309 GG309 l!#
Results in ppm unleSS otherwise specified

~//T =e4ement present but concentration too low to measure
AUTHORISEDX =element concentration is below det9Cl.ion limit

- '" element not determined OFFiCER

I



SAMPLE PREFIX REPORT NUMBER REPORT DATE 'CLIENT ORDER No, .. PAGE

1100560.60.08625 24/03/92 112139 I 2 OF 3

TUBE SAMPLE As As Zr Ti TiZr ~1203 Si02 Ti02 Fe203No. No.

1 565561 250 - - - - - - - -

2 565562 35 - - - - - - - -

3 565563 17 - 230 3270 14.2 14.20 70.5 0.55 4.8E
,
, 4 565564 85 - - - - - - - -

5 565567 - 0.53 - - - - -I -I -
6 565590 7 - - - - - - - -

I 7 I I Ii I

I I
i I I8 i ,, i I
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(ANALABS

ANALYTICAL DATAc<'

A Division of lnd'lcape If1lP8dion and Tlllillng 5eMce8 Australia Ply. Ltd.

, A.C:N. 004 591 &&4

(

10

1
1
1
1
1
I
1
1
1
1_9

-'---+---+--.;-..---'-----c----r------i---'---

I: 11

I
12

i3

11-._'4_-,- --'- -+-__-+ --'- -,- --'- -,-__---1- _

i5

1 I I I
I

16 I II

17 I I II
,

I I18 i
,

19 I
, 20
!

21

22

23 DETECTION 2 0.01 5 50 0.1 0.05 0.1 0.01 0.01

I 24 UNITS ppm % ppm ppm ppm % Yo Yo %

25 ~OJ)'08I METHOD GX401 GX404 GX401 GX401 GX401 OX408 OX408 OX408I

Results in ppm unless OthelWi8e Spec:ifl8d

QT '" element present; but concentration too low to measure
AUTHORISEDX '" element concentratiOn is below detection limit

- =:: element not determined OFFiCER

I
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I . (ANALABS (

DivieiDnoll~ lnspecbonaricl Testing Serkeii Aultralla F'tf. l..td:- ',..'

I . . ANAL';;';i;~~ ~l~A ... :.
SAM"' EPREFIX . REiooRHIUMSER REPORT DATE CLIENT ORDER No. PAGE

TUBE SAMPLE
No. No.

1 565563

2

3

4

5

6

7

8

9

10

11

12

13

14
I ,

15 I
I

II
I
,

I
,

I16 !,
I 17 I

18 I i
19 I

,

II
20

21

I 22

"

23 DETECTION 0.01 0.01 0.01 0.01 0.005 0.05 0.005 0.01 0.01

II 24
UNITS % % % % % % % % I.

~X.J0825 METHOD OX408 OX408 OX408 OX408 OX408 OX408 OX408 OX408

Ir Results In ppm unless otherwise specified / < •••..• )-U
T = etement present; but concentration 100 low to measure

AllTHORISEDX = element concentration is below deteCtion limit
- =element not determined OFfICER -V

I

I
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Pb ISOTOPE RESEARCH: Elliott Bay Prospects

AIMS

This is a preliminary progress report conc=ing the Pb isotope research on the

mineralisation at Elliott Bay. Gulson et al. (1987) reponed Pb isotope variation for the various

styles of mineralisation on the surface and in two drill holes (Geopeko) from the Elliott Bay

area. They detennined that Cambrian stratiform massive sulphide mineralisation constiOltes the

least radiogenic group and Devonian vein style Pb-Zn-As mineralisation forms the mOSt

radiogenic group (Figure 1). A third group with isotopic ratios mostly intermediate between

the other two comes from disseminated and vein type Pb-Zn mineralisation related to the

intrusion of a quartz porphyry that is considered to be later than the massive sulphide

formation. Gulson et aJ. (1987) noted that clasts of massive sulphide mineralisation within

submarine epiclastic breccias, inte:-prered to be :J. se:ies of mass flows (Callaghan, 1989), are

differe:1l from the massive sulphide lenses.

Cyprus MinernIs took over the ground in :he mid to late 1980's and drilled a further

12 holes which resulted in a be:ter understanding Df me geology and mineralisation. In light of

this :nc:-e:J.Sed geologic understanding, sulphide s;:;::pies or the differing styies or

mineralisation from rece:1l drilling md sun'ace ex;:osures at Elliott Bay have been collected and

maiysed C:O samples from Wan Hill mineralisation md 6 samples from recent discovery on

the coast).

PROGRESS REPORT

To c:ne I havecollec:ed md m:uysed 36 ;;;';;;hide samples from the i::JiOtt Bay core

and Tim C:J.ilaghan Honours thesis collection. Sa.:::::pies collected included sulphide clasts.

stringer sulphides disseminated sulphides. massive suiphide lenses md sulphides associated

with alteration (Table 1). Each sample for isotope :'.nalysis was hand picked or drilled out or

the original sample. Galena was the dominant ph:J.Se in each sample with subordinate amounts

of sphalerite md pyrite being mixed in some samples..-\fter initial sample preparation at the

University of Tasmania I went to the CSIRO labontory for four weeks in :"iove:nber 1991 to

compiete the chemical separation md malytical werk. including mass spectrometry on these

samples.

1) Pb Isotope Data

Table 1 lists the Pb isotope data for the Elliott Bay samples. These data are plotted on

Standard 107Pbj204Pb vs 206Pbj204Pb and 208Pb1204Pb vs 206Pbj204Pb diagrams (Fig. 2).

The Pb isotope signacure for the Rosebery. Que River and Hellyer massive sulphide

2
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Tablll I Ellioll Uay luad and Sulphur Isotope dala

PloUing 1/ Sample location Min Type Mineralogy 200/206 2071206 206/204 207/204 208/204 GRJUP del 34S

1 EO 1000 WH 233.m SUS CLAST Gn,Sp 2.097 0.862 18.095 15.604 37.951 A 14.6
2 EO 1001 WH 235.9m DISSEM Py,Sp,Gn 2.097 0.062 18.111 15.606 37.972 A 17.1
3 EO 1002 WH 2 44.2m MASS SUS Sp,Gl1 2.094 0.061 18.0B6 15.571 37.869 A 17.6
4 EO 1003 WH 2 47.3m STRINGER Sp,Gn 2.096 0.B63 18.070 15.586 37.883 A 17.2
5 EO 1004 WH 248.9m MASS SUS Sp,Gn 2.096 0.662 18.097 15.594 37.930 A 15.8
6 EO 1005 WH 4 49.8m SUS CLASTS Sp,Gn 2.096 0.662 18.083 15.592 37.907 A 12.3
7 EB 1006 WH 4 53.4m SUS CLASTS Sp,Gn 2.093 0.660 18.109 15.581 37.893 A 14.7
8 EO 1007 WH 4 54.0m MASS SUS Sp,Gn 2.092 0.660 I B.l 19 15.5BO 37.910 A 16.4
9 EO 1008 WH 4 84.8m MASS SUS Sp,GII 2.096 0.662 1B.063 15.574 37.852 A 16.4
10 EO 1009 WH 5279.1m LATE VEIN 81 2.000 0.050 10.377 15.615 38.219 D 11.9
1 1 EO 1010 WH 6 4B.Om SUS CLAST GlI,Sp 2.092 0.05!.! 10.143 15.580 37.948 B 17.1
12 EB 1011 WH 6 50.0m SUS IN AI.T Gn,Sp 2.092 0.B60 IB.121 15.583 37.914 A 16.2

""" 13 EB 1012 WH 6 58.5m SUS CI.AST Sp,GII 2.0B7 0.B56 18.233 15.603 36.058 C 12.3
14 EB 1013 WH 7 95.1m .SUS IN ALT Sp,GII 2.090 O.B51 IB.212 15.603 3B.067 C 10.9
15 EB 1014 WH 9 114.8m SUS IN ALT Gil 2.0BO 0.055 10.240 15.604 38.097 C NS
16 EB 1015 WH 8 109.5m STRINGER Sp,Gn 2.000 0.B56 18.221 15.599 38.044 C 13.4
17 EB 1016 WH 0 14B.7m STRINGEIl Sp,GII,I'y 2.1l01i 11.055 IB.236 15.592 38.039 C 14.0
18 EO 1017 WH 8 261.0m SUS IN ALT 81 2.001 0.049 10.437 15.652 36.366 D NS
19 EO 1017re WH 8 261.0m SUS IN ALT Gil 2.000 O. B4 9 18.430 15.641 38.340 D NS
20 EO 1018 WH 10 76.4m STRINGEfI Sp,GlI,Py 2.01Hl 0.B5li 111.2:.16 15.li 12 38.102 C 11.2
21 EO 1019 WH 10 81.6m SUS IN AlT Py,Gn,Sp 2.077 0.1140 18.402 15.611 38.222 D -11.5
22 EB 1020 WH 10 170.2rr STRINGER Sp,Gn 2.0Wf 0.ll56 10.211 15.566 38.007 C 11.2
23 EB 1021 WH 10 187.5rr CLAST'! GlI,Sp 2.092 0.1159 111.139 15.5B9 37.950 B 16.8
24 EB 1022 WH 10 189.3rr SUS CLAST GII,Sp 2.1193 (1.1160 I II. 115 15.585 37.918 A 16.9
25 EO 72079 WH 2 45.5m SUS MATRIX Gn,Sp.l'y 2.0!.!!.! 0.1162 111.1111 15.627 38.027 A 15.6
26 EO 72080 WH 8 185.0m MASS SUS GII,Sp 2.0!.!1I 1l.IHi2 I 11.1 14 15.614 38.009 A 15.3 -'-'27 EO 72080re WH 8 185.0m MASS SUS Gn,Sp 2.0!.!5 0.B62 lB.081 15.577 37.873 A 15.3 ..t;.
28 EO 72085 WH 4 47.0m SUS MATRIX Gn,Sp,Py 2.096 0.1162 18.067 15.578 37.870 A 14.5 "-29 EO 72086 13310N 1006( MASS SUS Gn,Sp 2.096 0.1162 18.075 15.585 37.891 A 18.5 ~

30 EB 72087 13040N I 006( MASS SUS Gn,Sp 2.093 0.B60 18.098 15.570 37.876 II 16.8
...,.

31 EO 72089 WH 4 54.0m MASS SIIS Gn,Sp 2.11(14 O.B60 111.134 15.603 37.975 B 15.7
,]
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Table 1 Elliall Bay Lead and Sulphllf Isolope dala

32 EO 72096 13080N 1002( MASS SUS Gn.Sp 2.091 0.658 18.191 15.605 38.041 ·C 16.2
33 EB 72094 WH 2 35.5m SUS MATRIX Py,Sp.Gn 2.095 0.662 18.099 15.592 37.920 A 17.5
34 EB 72111 WH 10 189.3rr MASS SUS Sp,Gn 2.093 0.859 18.151 15.599 37.982 B 16.9
35 EB 72112 13040N 1006( MASS SUS Gn,Sp 2.093 0.660 16.107 15.579 37.898 A 17.2
36 EB 72113 13040N 1004( SUS BRXX Py.Sp,Gn 2.097 0.862 18.093 15.595 37.940 A 16.0
37 EB 72121 13310N 1008! MASS SUS Sp,GII 2.095 0.862 18.075 15.576 37.862 A 17.0
38 EB 72075 WH 4 48.1m SUS MATRIX Sp,GII 2.092 0.860 18.139 15.594 37.953 B 15.5

1992 Exploration

39 CSN 565551
wJ.,:~

814 ppm PI 2.065 0.854 18.252 15.584 38.050 C NSnear coast WIt::
40 CSN 56520E near coast SOIL 1290 ppll' I 2.090 0.U57 16.177 15.583 37.992 C NS
41 565531 on coas' STRINGER'! GII,Sp,Py 2.(HI} 0.1156 I U.215 15.590 38.014 C 14.3
42 565531 on coast STRINGER? GI 2.0119 0.115 ., 111.228 15.611 38.075 C 14.3

V1 43 565532? on coast STRINGER? Sr,Py,Gn 2.0117 0.856 18.223 15.596 38.037 C NS
44 565530 on coast STRINGER?, GI 2.090 0.858 18.171 15.582 37.969 B-C? NS
45 565576 on coast STRINGER? .: G1 2.092 0.858 18.181 15.606 38.040 B-C? NS

Auurevlallons: MASS~lIIassivll. SUS~slllphidu. UIIXX-lll"cdil. (li ~~;l:M.-dbsulI,illillud, liLT ~ullorullon. Gn~ouiulla. Sp;sphalurlte. Py;pyrlle
NS;no sample, ro=repeal sample
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Lead isotope tImafrom this study. Sample numbers refer ro planing # in Table 1.
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37.7~ ~!-:- ~1.:- ~~ ~~ ~

18.0 18.1 18.2 18.3 18.4 18.5

15.75

15.S5

15.55

15.45~ -:":!-:, "",,,,:-=-=:--__--:~::- -:-::-:- -::::!
18.0 18.1 18.2 18.3 18.4 18.5

Figure 2

38.3

0
,..,
0-
~ ./
Q

.,/N 38.1......,..,
~
CD
Q
N

C
37.9

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

044150

mineralisation is given for reference on Figure 2. For comparison the previous Pb isotope

data for Elliott Bay from Gulson et al. (1987) and previously unpublished results from

SIROTOPE's files are shown in Figure 3.

The new Elliott Bay data forms four distinct clusters (Fig. 2; Groups A-D). Group A

consists primarily of galena-sphalerite clasts and is the least radiogenic. These clasts have a

lead isotopic signature identical to the Voyager 19 A and 19B stratiform massive sulphide

lenses.

Group B also consists of sphalerite-galena clasts but is slightly more radiogenic than

the Voyager massive sulphides. Group B clasts have the same Pb isotope signature as the

Voyager 2 style of mineralisation (disseminated and fracture galena coatings in crystal tuffs).

Group C consists of disseminated. vein and J.iteration hosted sulphides (galena..

sphalerite. pyrite). These styles of mineralisation have the same Pb isotopic signature as

Voyager 9 (chlorite-magnetite alteration) and Voyager 34 (soil geoche:n anomaly).

Group D is the most radiogenic cluster and ~ontains disseminated and vein sulphides

(Mostly gale:1a) that are clearly younger than all the previous styles of mineralisation. This

cluster has a Pb isotope signature similar to Voyager 24 (vein style gale:1a and sphalerite; and

Voyager 31 and 33 (gale:1a-sphale!ite-arsenopyrite ·;ems).

Several mineralised samples. and two soil s=oles. from a ne',v :nineralised are:l

discovered during the 1992 exploration program were analysed by SIROTOPE. Tnese results

are give:1 in T:lole 1. All of the ~xpioration samples :.except 5655530 and 565576) plOt in the

Group C field. Samples 5655530 :lIld 565576 plOt Je:v;ee:1 the Group B and C fields.

2) Sulphur Isotope Data

A.ltilough not in the origi.n:il proposal. sulphUi isOtope ,1);-'5) d':UJ has bee:1 ootaineri

for most samples analysed for Pb isotopes. Tne &'-'5 analyses were done on the same :nine."a1

separates as used for the Pb isotope analyses and were preformed by Cuistine Cook in the

stable isotope :'acility of the Central Science laboratory :It the Cniversity of Tasmania.
Table 1 lists the 8345 data..-\ histogram of :he 1i34s vJ.iues for each "Group" is given

in Figure 4. Overall each Group has 1i34s values \.ithin a small range with the average 8345

values for each group being.-\ - 16.1%0. B - 16.4:-<c. and C - 13.1%0. Tne two samples from

Group D have very different values. 11.90/00 and -11.50/'00. The negative value was repeated

and is real. Groups A and B have heavier 1i34s values than Groups C or D.

3) Initial Interpretation

The Pb isotope data from the Elliott Bay mineralisation plots in distinct groups that are

related to the type of mineralisation. Lead isotope analyses clearly show the difference

7
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18.53
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dasMd line is tM lead evolution (growth) curve ofCumming and Richards (1975).
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between the different types of mineralisation (Fig. 2). The massive sulphide lenses (Voyager

19) and sulphide clasts of Groups A and B appear to have formed from a Pb source that was

significantly different from the Pb in Groups C and D mineralisation. The spread in Pb

206Pbf2D4Pb data for mineralisation in the Elliott Bay area is greater than the spread of

206Pbj204Pb data between Cambrian and Devonian mineralisation throughout the West Coast

ofTasmania (Fig. 1) as purposed by Gulson et al. (1987).

There is also a marked difference in sulphur isotope data between Groups A and B and

Groups C and D (Fig. 4). The 034s values for the Group A and B sulphide lens and clast

mineralisation is very similar to that reported for the Rosebery mineralisation (majority of 034s
between 10 and 170/",,). These values are significantly heavier than those for the Hellyer and

Que River massive sulphide mineralisation (ij34s between 6 and 8%0).

Figure 5 is a plot of Ellioll Bay mine:-alisation on a 83o!S versus 206Pbi:(};IPb diag:ram.

This type of plot highlights the differences between the different styles of mine:-alisation,

espec:ially Groups A and B sulphide clast mineralisation versus the Group C and D

disse:ninated. stringer and alteration-related mine:-alisation.

4) Working Model

From the geology. alteration and Pb :rnd 5 :SOlOpe data a ?reiiminary :code: is

proposed to explain the mine:-alisation at Ellioll Bay. In the Cur:brian a voicanogenic massive

sulphide deposit (Voyager 19:rnd Group A:rnd B-rype mine:-alisation), or" unic:own size.

formed on the seafloor somewhere in the vic'.niry or" :he Wan Hiil area..-\t some :ime shonly

after it :'ormed this mine::J.iisation was fra~ente::: :md =:mspor:ed in SUbaqueous debris ;10ws

and deposited at the prese:lt day sire or" War;:ii.il. T:~ese IT:1gme:lIS be:::une one or" the clast

types in the debris flow deposits. Shortiy :J.r":er tile deposition or" :he debris :10ws. and other

"hangingwail" lithologies. a separate generation or" hydrothelmai t1uids (stiil in :he C:unbrian?)

passed through these rocks causing alteration (sericite. silica. chiorite. minor carbonate) and

prec:ipiution of disseminated and stringer suipnide mine:-alisation (Group C). y[uch later.

(possibly in the Devonian') another ge:1eration or" hydrothermal :1uids passed through the

rocks causing minor alteration and sulphide mine::J.iisaaon (Group D galena-sphalerite­

arsenopyrite veins).

A more detailed explanation for [he differe:1tlead and sulphur signatures will be given

in the first yearly report.

5) Exploration Considerations

Lead and sulphur isotope data is useful in the Elliott Bay area for discriminating

different generations of mineralisation. The most interesting style of mineralisation in the

10
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Elliott Bay area is the Voyager 19 massive sulphide lenses and the Group A and B clasts.

Can: must be taken when evaluating mineralisation and alteration in the Elliott bay area as it

appears that the fluids that caused the alteration and disseminated and stringer-style sulphide

mineralisation (Group C) throughout the debris flows in the Wan Hill area are not the same

fluids responsible for the Group A and B clasts and Voyager sulphide lens mineralisation.

The hydrothetmal system that formed the Group C style of mineralisation is capable of

forming economic massive sulphide mineralisation and these areas should be explored to test

their potential. The newly discovered coastal alteration and sulphide zone has the

characteristics of Group C mineralisation and has the potential to be related to volcanogenic

massive sulphide mineralisation.

20
• Group A

• c Group 8
, 8 - • Group C••

".'~ " Group 0

~ • I •0 16
'.~~

~ • •
:J) • ••.,. ..
'" .4 - •:.0

•
• •12 - "I·

c; (-11.51
10

18.0 18 .. 18.2 ,8.3 18.4 18.5

206Pb/204p:,

Figure 5 Elliort Bay data plorred on a (j34S versus :06Pb/204Pb diagram. The cJjjferences
between Groups A and B and Groups C and D are clearly il/uso-ared.
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