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1.0 SUMMARY

During the twelve month period to December, 1993 work on Exploration Licence

40/85 Elliott Bay has focussed on drill testing of the EB-1 prospect. One hole

was abandoned and one hole completed. The potential bedrock conductor

interpreted from surface EM appears to relate to a lateral inhomogeneity at

depth within a wide weakly conductive fault zone.

Surface EM follow up of the EB-4 anomaly indicated the response is due to a

broad near surface slightly conductive source.

No further work is proposed at either prospect.
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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 November, 1993.
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3.0 TENURE

EL 40/85, Elliott Bay, was granted to Cyprus Minerals Aust. 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.



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

951008

4

4.0 PREVIOUS PROGRAMME

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.

During January and February 1992 a helicopter supported field camp was

established at Cowrie Beach and ground follow up carried out. The nine

conductors were evaluated by various combinations of gridding, ground EM,

mapping, soil and rock chip sampling. As a result all but two were readily

attributed to surficial sources. Only EB-1 and EB-4 provided sufficient

encouragement for further work.

From February to April 1993 a field camp was again established at Cowrie

Beach and exploration continued on EB-1 and EB-4. The results of this work are

described below.
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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). During 1992 a four line grid

was cut over the southern part of the conductor and ground EM,

mapping, soil and rock chip sampling carried out. The results of this

work are described fully in Richardson, 1992.

Surface geophysics (EM and resistivity) failed to unequivocally resolve the

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

conductor to be masked by overlying conductive gravels. The surface

projection of the potential bedrock conductor occurs adjacent to a

mineralised footwall style alteration zone and boundary between a felsic

volcaniclastic and lava sequence. Prospectivity was further enhanced by

attractive sulphur and Cambrian lead isotopic signatures.

As no further surface work could be proposed to improve understanding

of the source of the conductor a diamond drill test was proposed.

5.2 Diamond Drilling Logistics

A four hundred metre diamond hole was proposed to test the potential

deep bedrock conductor inferred to be located close to the

volcaniclastic/lava contact and adjacent to the footwall style alteration

zone. A target at -200 RL at 2520 E on section 1600N was chosen.

Bedding in the EB-1 area is moderately to steeply west dipping indicating

a hole drilled from the west to be geologically preferable. However, west

of the conductor is a thickly forested slope that would require felling of

large trees to allow a helicopter with sling load to approach the drill pad.
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East of the target is a flat buttongrass plain requiring no site preparation.

This indicated that environmentally and logistically the hole should be

drilled from the east.

In order to minimise costs associated with mobilising drilling equipment

the Longyear 38 rig and supplies were transported from Strahan to Elliott

Bay by fishing boat. Whilst anchored off Cowrie Beach the disassembled

rig was transported to the beach by a purpose built landing barge. From

there equipment was transferred the short distance to the drill pad by

helicopter. However, some of the heaviest items were flown directly from

the fishing boat to the drill site.

5.3 DOH EB-1 and DOH EB-2

5.3.1 Introduction

DDH EB-1 was collared on 2(}'2-93 at AMG co-ordinates

5241597.5 N, 382732.0 E. After only 59m of broken abrasive

ground the bit was sliced off downhole and the hole abandoned. A

detailed log of this hole is attached as Appendix I and a cross

section shown on Plate EB 24.

The hole was recollared on 28-2-93 as DDH EB-2 at AMG co­

ordinates 5241597.5 N, 382731.0 E. DDH EB-2 was completed

on 25-3-93 at 312m after the rods were bogged and the hole was

in danger of being lost.

5.3.2 Geology

A detailed log and petrographic descriptions are attached as

Appendix II, whilst a cross section is included as Plate EB 24. A

summary log is as follows:
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31.5 - 137.9m Chlorite + Silica + Sericite altered
volcanogenic sandstone

Drilling conditions in DDH EB-2 were very poor with effectively the

entire hole encountering a broad fault zone. The ground was

extremely broken and abrasive with core recoveries of only 50%.

DDH EB-2 intersected a sequence of felsic volcanogenic

sandstones to fine lapilli epiclastics with minor siltstone and shale.

Alteration is weak to strong and locally intense with an early

pervasive silica + sericite + chlorite phase subsequently

overprinted by a patchy sometimes vein controlled epidote + silica

7

volcanogenic

Quartz vein rubble

Black Shale

Felsic volcanogenic sandstone

Silica + Sericite altered
sandstone

7.0m

11.0m

21.0m

31.5m

o
7.0

11.0

21.0

Target depth was not reached nor was the lava!epiclastic

boundary. After struggling to reach the inferred conductor

location the rods were bogging and in danger of snapping which

could have prevented a DHEM survey. It was decided to stop the

hole at 312m and rely on DHEM to confirm or deny the bedrock

conductor.

137.9 - 142.4m Silica + Chlorite rock

142.4 - 153.3m Chloritic pug - Fault zone

153.3 - 156.5m Chert

156.5 - 178.5m Siliceous volcanogenic siltstone

178.5 - 180.9m Basalt intrusive

180.9 - 220.lm Rhyolitic fine Lapilli volcaniclastic
volcanogenic sandstone
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+ chlorite phase. Mineralisation is only present as trace

disseminated pyrite and rare galena + sphalerite + chlorite ±

quartz veinlets less than 0.5 em thick.

The mineralised alteration zone outcropping on the coast does not

appear to have been intersected suggesting it either lies east of

the hole or does not extend inland.

No conductive body was intersected in the target position

5.3.3 Geophysics

A three loop DHEM survey (lange) was conducted in DDH EB-2.

Loop locations and survey results are included in Appendix III.

Survey results indicate that the drill hole lies within a broad

conductive zone with the most conductive part of the zone lying in

front of the end of the hole. It appears that the broad 'surficial

conductor' interpreted from the surface EM relates to the wide

and depth extensive block of faulted ground intersected by the

hole. The possible 'bedrock conductor' inferred from the surface

EM is a slightly more conductive zone at depth within this wide

fault zone.

5.3.4 Geochemistry

Seventeen core grind samples from the collar of EB-2 to the base

of the lapilli epiclastic at 220m were submitted for Cu, Pb, ln, Ag,

Au, Ba and As assay. Sample intervals were chosen to coincide

with lithological or alteration boundaries. Results are presented on

Plate EB 25 and in Appendix IV.
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Lead and zinc values are slightly elevated throughout reflecting the

presence of minor disseminated sphalerite and rare galena +

sphalerite + chlorite veinlets. Ag and Au assays are uniformly low.
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6.0 EB-4

6.1 Introduction

Anomaly EB-4 occurs 1 km. NE and along strike from Geopeko's Voyager

12 gold prospect. This prospect consists of a west dipping breccia and

weakly mineralised sulphide vein zone over a true thickness of up to 20m.

During initial ranking of the Elliott Bay Questem conductors, EB-4 was

nominated for reconnaissance mapping only. Indications of favourable

geology or mineralisation we necessary to warrant further follow up.

Outcrop in the area of EB-4 is sparse with complex geology including

felsic lavas, volcanogenic sandstones and feldspar biotite porphyry. Just

south of the southern end of the airborne EM response, gossanous

veining with weakly elevated base metals was found adjacent to a

feldspar biotite porphyry body.

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

possibly a more sulphide rich section of the Voyager 12 prospect,

indicated that EB-4 warranted further follow up.

6.2 Geophysics

During March 1993 a one loop three line EM survey was undertaken over

the conductor. Loop and line locations are shown on Plate EB 10jJ4+K4

whilst survey results are included as Appendix V.

An unknown but surficial source for the conductor is indicated by the

surface EM. Therefore, no further work is proposed for EB-4.
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7.0 LEAD ISOTOPE RESEARCH PROJECT

1993 was the final year of a two year collaborative research project between

CODES (Dr. B Gemmel), SIROTOPE (Dr. G Carr) and Aberfoyle into the nature of

Pb isotopes at Elliott Bay. The aim of the project was to better understand the

complex signature of mineralisation in the southern Mount Read Volcanics. This

will improve their usefulness in evaluating mineralisation.

Three phases of mineralisation are evident. Two are Cambrian and one is

Devonian. Results are discussed in a report attached as Appendix VI.
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Aberfoyle Resources Limited
A,eN OO.IiJ4 108

Explor.uon DivisIon

39 River Road
Vlivcnhoe
Talnun;.7320
Au$,nli.

U510:"9
. hone (004) 316 333

f.1csimil, (00.) 316896

PO BoI952
Bwni,_mO
Au.str.lli::a

ABE R F 0 Y L E

Description

Volcanic sandstone
Lapilli volcaniclastic
Volcanic shale (or highly altered vic 5s?)
Volcanic sandstone

51.9
211.3
226.6
286.8

Depth

624918
624919
624920
624921

Yours faithfully

Richard Inglis
CONTRACT GEOLOGIST

A whoJJr owned subsidi<1ry of AfJ(do~'kUmiled

Also enclosed is a sample from MAC 10 that you requested. Hope this is
satisfactory.

16 June 1993

Sample No:

Whole rock assays are being done, if you would like to see the results, let me know
and I will forward them on completion.

Once below a thin black shale unit, the bulk of the hole was made up of very
broken and altered volcanic sandstone and lapilli volcaniclastic. It has been difficult
to determine if a boundary is lithological or simply an alteration change.

Please find enclosed four samples for thin section preparation and petrological
description. They are representative of lithologies intersected in DDH EB2 drilled
on the Elliott Bay licence earlier this year.

Dr Tony Crawford
University of Tasmania
Department of Geology
GPO Box 252C
HOBART TA5 7001

Dear Tony
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951C:iO
TC 62

bbl-\
SAMPLE NUMBER: 624918 EB2 51.9

SUMMARY:
This is a foliated coarse volcaniclastic sandstone

composed of clasts of crystal vitric tuff in a matrix of

recrystallized vitric ash. Weak hydrothermal alteration has

produced widespread biotite±minor epidote± minor gamet±
rare sphalerite.

HAND SPECIMEN:
This is a rather sheared, weakly foliated, sericitized felsic lava

breccia or coarse-grained volcaniclastic with pale lava fragments to

about 1cm across.

THIN SECTION:
This is probably another coarse volcaniclastic sediment derived

from felsic glassy volcanics and tuffs. The most obvious lithic clasts
are quite large, more than 1cm long, and all are quartz-phyric rhyolitic
crystal tuffs composed of about 10-20 modal% of broken quartz
phenocrysts in a very recrystallized and quite foliated matrix. The
matrix is composed of fine-grained quartzo-feldspathic aggregates
with occasional augen and streaks of coarser-grained quartz, and
common pale brown to green pleochroic biotite, all thoroughly pervaded
by sericite. The latter mineral forms a strong foliation within the
largest clasts, but outside the clasts sericite is subordinate to green­
brown biotite.

The matrix of this rock was probably vitric ash, makes up in
excess of 50 modal% of the sample, and is a strongly recrystallized
quartz-biotite intergrowth with fine-grained sericite still defining a
weak foliation. Clots of biotite are common, granular epidote is widely
dispersed but not abundant, and of particular interest are the
occasional colourless small gamet porphyroblasts grown in the '!: q(!t"ek
recrystallized matrix. Several discontinuous streaks of calcite-
hematite are present, and may represent stretched and disrupted
former veinlets. A few small spots of quite yellow brown sphalerite
are present in the matrix.

This is a coarse volcaniclastic sandstone to fine conglomerate
derived from felsic vitric crystal tuffs. It has suffered moderate
hydrothermal alteration, leading to biotite-epidote±calcite±gamet±
sphalerite assemblages, and mild deformation has produced a weak to
moderate sericite-defined foliation that probably post-dates the main
hydrothermal alteration.
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bbH
SAMPLE NUMBER: 624919 EB2 211.3m

SUMMARY:

This is an epiclastic sandstone derived entirely from
glassy, ptagioclase+quartz-phyric rhyolitic lavas. It has
suffered mild hydrothermal alteration.

HAND SPECIMEN:
This is a grey-green quartz+albite-phyric felsic epiclastic or

crystal lithic tuff.

THIN SECTION:
This rock was probably originally an epiclastic sediment derived

entirely from glassy felsic lavas and tuffs. It contains abundant
detrital quartz and albite phenocrysts, and common lithic clasts, some
up to at least 6mm across, all set in a very heterogeneous and
thoroughly recrystallized groundmass that was probably vitric ash.
Detrital quartz grains make up around 10 modal% of the rock and are
mainly rounded phenocrysts less than 2mm across from rhyolitic lavas.
Many are strained or fractured, with subgrain recrystallization of very
fine-grained quartz along fractures. Detrital phenocrysts of albitized
plagioclase make up about 12-15 modal% of this rock and are blocky,
lightly sericitized, and sometimes contain small granular epidote
inclusions.

Lithic clasts range from <1 mm across to >6mm across, and are
all formerly glassy rhyolitic lavas with variable abundances of quartz
and albite phenocrysts Groundmass textures of the clasts vary, but all
are composed of fine-grained quartzo-feldspathic aggregates that have
crystallized from devitrified felsic glass.

The matrix of this rock is a very heterogeneous and uneven­
textured quartzo-feldspathic aggregate, presumably after vitric ash,
although no diagnostic shard shapes are preserved due to the very
strong recrystallization of the matrix. In some places, matrix quartz is
rather coarse, and polycrystalline, and sericite is variably abundant
intergrown with the quartz. Interstitial areas are often lined by either
crystalline very pale yellow to colourless epidote, or pleochroic bright
green biotite, that forms quite prismatic crystals in places.. Calcite is
a minor secondary phase dispersed through the rock, and a few small
idiomorphic pyrite grains are also present.

This rock was probably an epiclastic sediment derived entirely
from quartz+plagioclase-phyric glassy felsic lavas and tuffs. It has
suffered weak hydrothermal alteration (silica-biotite±epidote±
calcite±pyrite), leading to extensive recrystallization of the vitric ash
."... ...... riv
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951032

bbl-l
SAMPLE NUMBER: 624920 EB2 226.6m

SUMMARY:
This is a recrystallized pelitic metasedimentary rock

derived from a sediment composed mainly of felsic vitric ash

and a minor detrital component of quartz and albitized
plagioclase phenocryst fragments. Hydrothermal alteration is

fair1y weak, and produced the assemblage silica-calcite­

chlorite-sericite±pyrite.

HAND SPECIMEN:
This is a grey, rather silicified cherty shale or vitric ash with

patchy black domains and lamellae of similar1y fine-grained material.

THIN SECTION:
This sample is a very fine-grained and quite even-textured,

unbedded shale or tuff. It is clearly derived largely from felsic glassy
volcanics, as it contains five or six rounded and resorbed, broken quartz
phenocryst fragments and a similar number of slightly rounded
albitized phenocryst fragments, none larger than 1mm across. The
latter show the typical patchy replacement of calcic plagioclase by
albite that characterizes strongly recrystallized rocks.

The matrix of this rock is a very fine-grained fairly homogeneous
quartzo-feldspathic intergrowth peppered with tiny sericite flakes,
abundant green chlorite, quite common tiny opaque oxides, and abundant
overprinting calcite. This matrix texture is definitely a recrystallized
texture, and I suggest that the dominant matrix component was fine­
grained vitric ash, which thoroughly recrystallized dUring weak to
moderate hydrothermal alteration. Although the rock appears silicified
in hand specimen, I am not convinced that this is the case; the hard,
flinty nature of this sample results from recrystallization of the felsic
ash. The sample is transected by a number of narrow quartz veinlets,
that are themselves cut by several calcite veinlets, A few large
idiomorphic pyrite grains are present

This sample is a recrystallized pelitic sediment compOsed
originally of dominant felsic vitric ash and a few modal% of detrital
quartz and plagioclase phenocryst fragments. It has suffered weak
hydrothermal alteration (chlorite-silica-ealcite-sericite).
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bb"
SAMPLE NUMBER: 624921 EB2286.8m

SUMMARY:

This is a strongly hydrothermally altered (epidote­

quartz-ehlorite-sericite) volcaniclastic sandstone derived

from quartz+feldspar-phyric felsic volcanics.

HAND SPECIMEN:

This is a dark grey volcaniclastic sandstone with strong patchy

pale-eoloured epidote alteration.

THIN SECTION:
This sample is a heavily altered matrix-supported volcaniclastic

sandstone derived from felsic volcanics. The main detrital framework
grains are quartz phenocryst fragments (5-10 modal%), never larger
than 1mm across. These are almost always angular and broken
fragments of resorbed phenocrysts, and have been strained, broken, and
commonly disaggregated in situ in the rock. Many grains are cut by
fractures along which sUbgrain recrystallization has occurred. Almost
as abundant as quartz phenocryst fragments are common detrital
albitized plagioclase phenocryst fragments which are similarly
strained and broken, and which are variably replaced by epidote,
chlorite and sericite. Common lithic clasts composed of recrystallized
glassy felsic volcanics are present, but are very difficult to
distinguish from the matrix. Former FeTi phenocrysts and
microphenocrysts are a not uncommon detrital phase in this sample,
and are always altered to messy brown leucoxenitic material.

The matrix of this sample is exceptionally heterogeneous
texturally and mineralogically, reflecting the quite strong
hydrothermal alteration. It was probably originally a felsic vitric ash,
but extensive recrystallization, accompanying brittle deformation
reflected in the fragmented and disaggregated quartz and feldspar
phenocrysts, has produced domains of highly variable composition and
texture. Most obvious among these are the patches of very strongly
replaced and recrystallized groundmass composed now of a relatively
coarse-grained sugary intergrowth of quartz and pale yellow epidote.
The epidote alteration becomes pervasive in places, and epidote forms
dense murky patches and veins to almost 1cm across with minor
intergrown chlorite and a few cross-cutting calcite and quartz
veinlets. Other domains show strong chlorite-quartz replacement of
the original matrix constituents, and a mesh of fine-grained silica and
chlorite pervades most of the rock that is not epidotized.

This was a volcaniclastic sandstone derived from glassy
quartz+plagioclase-phyric felsic volcanics. It has suffered moderate
hydrothermal alteration and recrystallization characterized by
sericite-chlorite-silica, and this was overprinted by a strong epidote-

. quartz hydrothermal alteration.



F., 1004) 318890

EBY

RESULTS REQUIRED

(

/~46/

DATE RECEIVED

lOO~)bO .. 60" O'}~\)'()

A DMIIIan at InctQIpe InIpecIlon and
TtlIIdng geMoIt AuIIrtHa Pry. Lid.

....C.N. 0014581 Mol

14 Thirk.11 St. COOEE

ANALABS

ANALYTICAL REPORT No.
!-=-===-~==-=::-:!THIS REPORT MUST BE READ IN CONJUNCTION WITH THE ACCOMPANYING ANALYTICAL DATA

. .. ORDER No. PROJECT

At)er"fovle I~esources .i/ni'tetl
ExplOlration Division
P .. 0 " He; ,:.( (.j) ::L':~

BUF~~IIE: '('AS 732()

Phon. 10041 31b837

No. OF PAGES DATE
OF RESULTS· . REPORTED

INVOICE TO,

I
I
I
I
I
I
I
I

I
I
I

b24918121 DC Pr.o : 8P033 - CHRO"E FREE BOWLS Cu,Pb,ln,Ag/SAI01

Au/SS309

B',As.Cr,IrISI401,Ti/OI40B

Whol. Rock An.lysis/Dl408

I
I
I
I
I

•

NI" F~ dE' F,(O(fl"fDn:l

Aber"fojl~ Reso~.llrces l_ifni'ted
Exploratioll Div:is:ion
PnD .. Bc)x 9~:=';:~

TI~S

RESULTS

TO

REMARKS

DOH EB2 PETROLOGY SAW'lES



I
I
I

ANALABS
ADMaIon oIlnchcape Teating services (AuItr_l pty. l.1d.
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ANALYTICAL DATA

(

951035

SAMPLE PREFIX REPORT No REPORT DATE CLIENT ORDER No PAGE

I I 100560.60.09570 09/07/93 14467 I 1 OF 3

TUBE SAMPLE:
NO. No. Cu Pb Zn Ag Au Sa As C..- Z..-

I 1 624918 4 54 166 <2 <0.008 905 3 9 222

I
2 624919 6 55 171 <2 <0.008 918 <2 8 198

3 624920 4 24 49 <2 <0.008 548 <2 8 235

I 4 624921 <4 47 494 <2 <0.008 898 3 103 399

5

I 6

I
7

8

I 9

10

I. 11

I
12

13

I~
14

15 I

I. 16

It
17

18 ,

Il 19 I
- !

20

Il 21

It :: I I

DETECTION 4 5 4 2 0.008 10 2 5 5 I

I~
24 UNIT~ ppm ppm I

ppm ppm ppm ppm ppm ppm ppm

25 METHOD GAIOl GAIOl GAIOl GAlOl GG309 GX401 GX401 GX401 G.X401

I

•
Results in ppm unless otherwise specified
T = element present; but concentration too low 10 measure
X = element concentration is below detection limit
- =elemenl not determined
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I
A DMaIon of 1nd'lC8P8 Testing geMceI (Auslt8JleI Pty. Lid.

A.C.N. 004 591 864

ANALVTICAL DATA
PAGE

AUTHORISED Gary Lindber'"
OFFICER - '"

CLIENT ORDER NoREPORT DATEREPOATNOSAMPLE PREFIX

x :: element concentration is below detection limit
- :: element nol delennined

I

I 1100560.60.09570 09/07/93 14467 I 2 OF 3

TUBE SAMPLE
Ti A1203 Ti02 Fe203 CaO

I
No. No. Si02 MnO K20 MgO

1 624918 1571 12.68 73.7 0.26 4.01 0.24 1.53 3.59 0.69

I 2 624919 1825 12.24 75.5 0.30 2.17 0.10 1.21 2.45 0.25

3 624920 1715 12.20 72.8 0.29 2.07 0.23 2.66 2.35 0.50

I 4 624921 5571 15.19 58.5 0.93 7.41 0.55 4.79 2.48 2.91

I
5

6

I 7

B

I 9

I
10.

11

I 12

13

I 14

I
15

16

I. 17 I
.

18

II 19 . I
,

1

It :~ ---J
I~ 22 I

1

23 DETECTION 60 0.01 0.1 0.01 0.01 0.01 0.01 0.01 0.05 i

II
24 UNITS % % % % % % % I

ppm %

25 METHOD OX408 OX408 OX408 OX408 OX408 OX408 OX408 OX408 OX408

Results in ppm unless otherwise specified
T :: element present; but concentration too low to measure
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ANALYTICAL DATA

(

~51037

PAGE

AUTHORISED Gary Lindberg
OFFICER -

CLIENT ORDER NoREPORT DATEREPORT NoSAMPLE PREFIX

x=element concentration is below detection limit
- ::; element not determined

I 1100560.60.09570 09/07/93 14467 I 3 OF .3

TUBE SAMPLE P205 S Na20 LOI TOTAL

I
No. No.

1 624918 0.032 0.022 0.42 2.29 99.52

I 2 624919 0.035 0.037 3.58 2.07 99.97

3 624920 0.050 0.011 2.90 3.73 99.82

I 4 624921 0.125 0.010 2.58 4.28 99.79

I
5

6

I 7

8

I 9

I
10.

11

I 12

13

I 14
,
I

I
15

16

I 17

18 I
i

I
I

19
!

i
,

I
20

21
,

I 22 i

23 DETECTION 0.005 0.005 0.05 0.01 0.01 i

I 24 UNITS 'l. 'l. 'l. 'l. 'l.

25 METHOC OX408 OX408 OX408 OX408 OX408 I

I·
I

Results in ppm unless otnerwise specified
T =element present; but concentraUon 100 low 10 measure

I
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951038



Conclusion

Loop 1 data set, is outlining similar effects, except that in this data set with Loop 1 being
on the other side of the conductive source in comparison to Loop 3, at medium to early
times, the effect of the current gathering source in front of the drillhole is now a fall-off in
signal strength rather than a rise in the signal strength.

Loop 2 data however, shows no such effects, as Loop 2, encloses the conductive sources, and
therefore as discussed previously no current gathering effect is expected to be noted in this
data set.

MEMORANDUM

9510:-9

Ref JS:AAI

From J Silic

At HawthornBurnie

Steve Richardson

14 December 1993Date

Copies to

At

ABERFOYLE

To

Subject Elliot Bay EM

Attached are the comments on the Elliot Bay EM.

1) Downhole EM in EB2

A three loop data set was collected in EB2. Before proceeding with the discussion of these
results, some considerations on the expected nature of the response need to be exposed.

It was understood from the surface surveys that the EB1 response was dominated by current
gathering effects. This essentially means that no response from the conductor is expected
[f it is in the middle of the loop and at late times its effect should increase as the loop edge
is moved further away from the conductor. This latter effect is a direct result of tfie
'background current" maximum moving out from the loop edge from "early': to "late" time.

On analysing the Loop 3 downhole response, the two effected are evident. The increase in
the signal strength towards the top of the drillhole is outlining a current system enclosing
a drillhole and extending close to the surface. This effect presumably is due to the broad
near surface conductor Identified by the surface EM surveys. Down from 160 metres
however the signal strength begins to increase and is interpreted due to a source in front
of the dri11hole, and courd correlate with the current gathering target identified within a
broader near surface conductor.

DHEM data set confirms the existence of a broad near surface source identified in the
surface data, and a current gathering conductor within this or beneath this broad source,
and which has not been reaChed by the drillhole.

On examining the geology, it is now understood that the broad conductive source identified
by the surface surveys is most likely water filled fault broken ground, and the
"mhomogeneity" at depth interpreted from the ground data is a more conductive patch of
this fault zone.

2) Surface Surveys EBY

A one loop three line survey over the EB4 conductor was conducted. However, on
analysing tne vertical component data, it was obvious that the source of the airborne EM
response is a broad near surface conductor, whose edges are marked by sudden changes in
the slope of the vertical component profile.
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6 Ant, 'i1~-I;'lC;

7 C\n7 'i"j. ~ --go

8 GlO'it I':D - C1L

9 o,Oq q/.. -11'7

10 'flf] \I L. - 12'1'~

11 '11/ 127· "I -13~'~

12 ~/2 1J1--'1- /"'Z.I.-
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AUTHORISED G~ry L . db
OFFICER Q _ ~ n erg

9r.;1047

Results In ppm unJ8B8 otherwise speclfted
T =element present: but concentration too low 10 measure
X =elelTMlnt COncentration Is below detection limit
- =element nol delerminedI

I

"
.,w··t:!~,<+.,~.. :>· ;.

;>'R~;6~ ~ATE .,j·CLIENTbflbER £.~1j\!';"pcr"':''''''',_,;:,'
"'j SAMPLE PREFIX . RE RTNo,' PAGE

lBE 1100560.60.09615 22/07/93 14484 11 OF 1

SAMPLE
~u(R) ~u(S)

--.'';

No, No, ~
Cu Pb Zn Ag Au ;Sa As

11 .~ '''":
565703M 121 213 2133 <2 <0.008 - - 1014 12

2 624901 39 238 646 <2 <0.008 - - 902 15

13 624902 64 614 749 2 0.014 - - 895 9

I: 624903 46 368 593 <2 <0.008 - - 865 13

624904 52 108 223 <2 <0.008 - - 933 4_6 624905 58 125 304 <2 <0.008 - - 871 <2

7 624906 41 149 242 <2 <0.008 - - 630 5

118 624907 57 160 202 <2 <0.008 - - 650 <2

19
0

624908 48 201 205 <2 <0.008 - - 561 4

624909 52 209 1422 <2 <0.008 - - 514 2

_1' 624910 47 77 140 <2 <0.008 - - 446 5

12 624911 14 107 84 <2 <0.008 <0.008 - 710 2

13 624912 25 1171 474 <2 <0.008 - - 711 21

ri: 624913 7 51 195 <2 <0.008 - - 658 <2

624914 9 1056 585 <2 <0.008 - - 373 <2

'6 624915 56 197 428 <2 <0.008 - - 686 42

/0.00817 624916 44 239 525 <2 <0.008 - 296 31

18 624917 178 161 371 <2 <0.008 - - 844 <2

~

-~

~ DETECTION 4 5 4 2 0.008 0.008 0.008 10 2

.: UNITS ppm ppm ppm ppm ppm ppm ppm ppm ppm

METHOD GAI0l GAI0l GAI0l GAI0l GG309 GG309 GG309 GX401 GX401
.. ,
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Conclusion

DHEM data set confirms the existence of a broad near surface source identified in the
surface data, and a current gathering conductor within this or beneath this broad source,
and which has not been reaChed by the drillhole.

On examining the geology, it is now understood that the broad conductive source identified
by the surface sUIveys is most likely water filled fault broken ground, and the
"mhomogeneity" at depth interpreted from the ground data is a more conductive patch of
this fault zone.

9£)1049
MEMORANDUM

Ref JS:AAI

From J Silk

At HawthornBurnie

Steve Richardson

14 December 1993Date

Copies to

At

ABERFOYLE

To

Loop 1 data set, is outlining similar effects, except that in this data set with Loop 1 being
on the other side of the conductive source in comparison to Loop 3, at medium to early
times, the effect of the current gathering source in front of the drillhole is now a fall-off in
signal strength rather than a rise in the signal strength.

Loop 2 data however, shows no such effects, as Loop 2, encloses the conductive sources, and
therefore as discussed previously no current gathering effect is expected to be noted in this
data set.

Subject Elliot Bay EM

Attached are the comments on the Elliot Bay EM.

1) Downhole EM in EB2

A three loop data set was collected in EB2. Before proceeding with the discussion of these
results, some considerations on the expected nature of the response need to be exposed.

It was understood from the surface surveys that the EB1 response was dominated by current
~athering effects. This essentially means that no resp'onse from the conductor is expected
If it is in the middle of the loop and at late times its effect should increase as the loop edge
is moved further away from the conductor. This latter effect is a direct result of tfie
"background current" maximum moving out from the loop edge from "early': to "late" time.

On analysing the Loop 3 downhole response, the two effected are evident. The increase in
the signal strength towards the top of the drillhole is outlining a current system enclosing
a drillhole and extending close to the surface. This effect presumably is due to the broad
near surface conductor Identified by the surface EM surveys. Down from 160 metres
however the signal strengthbe~ to increase and is interpreted due to a source in front
of the drillhole, and courd correlate with the current gathering target identified within a
broader near surface conductor.

2) Surface Surveys EBY

A one loop three line survey over the EB4 conductor was conducted. However, on
analysing fhe vertical component data, it was obvious that the source of the airborne EM
response is a broad near surface conductor, whose edges are marked by sudden changes in
the slope of the vertical component profile.
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ELLIOTT BAY PROSPECTS

The geology and mineralisation of the Elliott
Bay prospects have previously been described
by Large et al. (1987), Gulson et al. (1987) and
Callaghan (1989). Mineralisation in the Elliott
Bay area takes the form of sulphide clasts,
stringer sulphides, disseminated sulphides,
massive sulphide lenses and sulphides associated
with alteration. All mineralisation styles are
hosted in deformed Cambrian felsic volcanics
and volcaniclastics. As no general overview of
the Elliott Bay geology will be given in this
report, readers are referred to the above papers
for background information.

Gulson et al. (1987) reported Pb isotope
variation for the various styles of mineralisation
on the surface and in two Geopeko drill holes
from the Elliot! Bay area. They determined that
Cambrian stratiform massive sulphide
mineralisation constitutes the least radiogenic
group and Devonian vein style Pb-Zn-As
mineralisation forms the most radiogenic group
(Fig. 8). A third group with isotopic ratios mostly
intermediate between the other two comes from

9 ~10r "JV ~, I

6

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 al. (1987) noted
that clasts of massive sulphide mineralisation
within submarine epiclastic breccias. interpreted
to be a series of mass flows by Callaghan
(1989), are different from the massive sulphide
lenses. Clearly these variations in Pb isotope
data from the Elliott Bay area need revision in
order to better define the use of Pb isotopes for
targeting.

Cyprus Minerals took over the exploration
leases in the Elliott Bay in the middle to late
1980s and drilled a funher 12 holes which
resulted in a better understanding of the geology
and mineralisation. In light of this increased
geologic understanding, sulphide samples of the
differing styles of mineralisation from the Cyprus
drilling at Wart Hill were collected and analysed.
Samples from a mineralised zone discovered
by Aberfoyle Resources Ltd in early 1992 were
also analysed.

Lead Isotope Results

Table 3 lists the Pb isotope data for the Elliott
Bay samples analysed in this study. These data
are plotted on standard 207PbPo4Pb vs 206Pb/
204Pb and 208PbPo4Pb vs 206PbPo4Pb diagrams
(Fig. 10). Locations of the samples are shown
in Figure 9. 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 II.

The new Elliott Bay data form four distinct
clusters (Fig. 10; Groups A-D). Group A consists
primarily of galena-sphalerite clasts (Fig. 12A­
1) and is the least radiogenic. These clasts have
a lead isotopic signature identical to the Voyager
19A and 19B stratiform massive sulphide lenses
(Fig. 12B).

Group B also consists of sphalerite-galena
clasts (Fig. 12A-2) but is slightly more
radiogenic than the Voyager 19 massive
sulphides. Group B clasts have the same Pb
isotope signature as the Voyager2 style of miner­
alisation (disseminated and fracture galena
coatings in volcaniclastic units) (Fig. 11).

L<ad Iso,ope Proj"'" A.i:..\
CODEs,csrRO/Aberfoyle ~
December 1991
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Group C consists of disseminated, vein and
alteration-hosted galena, sphalerite and pyrite
(Fig. 12A-3). These styles of mineralisation
have the same Pb isotope signature as Voyager
9 (chlorite-magnetite alteration) and Voyager
34 (soil geochemical anomaly) (Fig. II).

Group D is the most radiogenic cluster and
contains disseminated and vein sulphides
(mostly galena) that are clearly younger (based
on core logging) than all the previous styles of
mineralisation (Fig. 12A--4). This cluster has a
Pb isotope signature similar to Voyager 24 (vein­
style galena and sphalerite) and Voyager 31 and
33 (galena-sphalerite-arsenopyrite veins)
(Fig. II).

Several mineralised samples, and two soil
samples, from a new altered and mineralised
area discovered during Aberfoyle' s 1992
exploration program were analysed by
SIROTOPE. These results are given in Table 3.
All of the exploration samples (except 5655530
and 565576) plot in the Group C field. Samples
5655530 and 565576 plot between the Group B
and C fields.

The Pb isotope data from the Elliott Bay
mineralisation plots in distinct groups that are
related to the style of mineralisation (Fig. 10).
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 206Pbpo4Pb
ratios for mineralisation in the Elliott Bay area
is greater than the spread between Cambrian
and Devonian mineralisation throughout the west
coast ofTasmania (Fig. 8) as proposed by Gulson
et al. (1987).

Sulphur Js%pe Data

Although not included in the original proposal,
sulphur isotope (1)345) data have been obtained
for most samples analysed for Pb isotopes, The
8345 analyses were performed on the same
mineral separates as used for the Pb isotope
analyses in the stable isotope facility of the
Central Science Laboratory at the University of
Tasmania.

The 8345 data are also listed in Table 3.

951038
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A histogram of the 8345 values for each "Group"
(as defined by the Pb isotope data) is given in
Figure 13. Overall each Group has 8345 values
that lie within a small range with the average
8345 values fer each group being A - 16.1%0,
B - 16.40/"", and C - 13.10/"". The two samples
from Group D have very different values, 11.90/00
and -11.50/00. Analysis of the sample with the
very negative value was repeated and the result
was confirmed. Groups A and B have heavier
8345 values than Groups Cor D. The 8345 values
for the Group A and B sulphide lens and clast
mineralisation are very similar to those reponed
for the Rosebery mineralisation (majority of
8345 between 10 and 170/00). These values are
significantly heavier than those for the Hellyer
and Que River massive sulphide mineralisation
(8345 between 6 and 8%0).

Figure 14 is a plot of Elliott Bay mineral­
isation on a 8345 versus 206Pbf2O"Pb diagram.
This type of plot highlights the differences
between the different styles of mineralisation,
especially Groups A and B sulphide clast
mineralisation versus the Group C and D
disseminated, stringer and alteration-related
mineralisation.

Volcanic-hosted massive sulphides typically
display narrow ranges of 8345 values (Franklin
et aI., 198!). Phanerozoic Cu-Zn-Pb VHMS
deposits also have 8345 values over a limited
range but they vary from 0%0 to positive values
approaching that of contemporaneous seawater
(Franklin et aI., 1981; Ohmoto, 1986). Taylor
(1987) summarised the suggested origins of
sulphur in VHMS deposits. These include
bacterial reduction of seawater sulphate,
magmatic-hydrothermal fluids, inorganic
reduction of seawater sulphate (± leached
magmatic sulphide), and leaching of sulphate
minerals, followed by partial reduction. It is
generally considered that the two main sources
of sulphur in seafloor volcanic-hosted
massive sulphide systems are the reduction of
seawater sulphate and magmatic sulphur, either
direct magmatic emanations, and sulphur leached
from igneous rocks (Ohmoto and Rye, 1979;
Shanks et aI., 1981; Solomon et aI., 1988).

Seawater sulphate at the time of formation
of Elliott Bay mineralisation (middle

Lead Isolope Project &
CODES/CSIRO/Aberfoylc ~
Decem~r 1QQ'2
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Cambrian) is assumed to have had a 1)34S value
near 300/00 (Claypool et aI., 1980). Equilibrium
fractionation between sulphate and sulphide at
temperatures of 250° to 300°C, averages
approximately 200/00 (Ohmoto and Rye, 1979).
Therefore, sulphides precipitating from reduced
seawater sulphate, at these temperatures, would
have 1)345 values varying between 10 and 300/00
depending on the amount of reduction. 1)345
values of sulphide minerals in the Elliott Bay
massive sulphide lenses and clasts (Groups A,
and C) have values within this range, indi­
cating that reduced seawater sulphate was the
source of sulphur in the mineralising system.
The lower ~j34S values for the sulphides in
Group D indicate that magmatic sulphur or
reduced seawater sulphur at higher temperatures
is the source of sulphur in this style of
mineralisation.

Genesis of the EWort Bay Mineralisation
- A Working Model

From the geology, alteration and Pb and S
isotope data, a preliminary model is proposed to
explain the mineralisation at Elliott Bay (Fig.
IS). In the Cambrian, a VHMS deposit (Voyager
19 and Group A and B-type mineralisation), of
unknown size, formed on the seafloor some­
where in the vicinity of the Wart Hill area.
Shortly after the deposit formed, subaqueous
debris flows incorporated fragments of this
mineralisation and deposited them at the present
site of Wart Hill. These fragments became one
of the clast types in the debris flow deposits.
Shortly after the deposition of the debris flows,
and other "hangingwall" lithologies, a separate
generation of hydrothermal fluids (still in the
Cambrian?) passed through these rocks causing
alteration (sericite, silica, chlorite, minor
carbonate) and precipitation of disseminated and
stringer sulphide mineralisation (Group C).
Much later, possibly in the Devonian, another
generation of hydrothermal fluids passed through
the rocks causing minor alteration and sulphide
mineralisation (Group D galena-sphalerite­
arsenopyrite veins).

Gulson et al. (1987) proposed a multi-stage
model, based on Pb isotope data, implying that

851059
8

the ultimate source of Pb in the Cambrian
stratiform sulphide mineralisation at Elliot!
Bay, was from the Precambrian basement
(Fig. 16). As the Pb isotope ratios of massive
sulphide mineralisation at Elliott Bay are
distinctly less radiogenic than those from Que
River and Hellyer, Gulson et al. (1987)
suggested a variation in the U-Th-Pb character­
istics of source regions, with a northward
increase in UlPb from Elliott Bay to Que­
Hellyer, or the possibility of different ages for
the separate mineralising systems along the Mt
Read Volcanic Belt. Gulson et al. (1987)
postulated that the volcanic pile and underlying
basement exhibit a vertical variation in UlPb
ratio and that solutions penetrating to different
depths would concentrate Pb with different
isotopic ratios.

Elliorr Bay Exploration Considerations

Lead and sulphur isotope data are useful in the
Elliott Bay area for discriminating different
generations of mineralisation. Previously the
most interesting style of mineralisation in the
Elliott Bay area was the Voyager 19 massive
sulphide lenses and the Group A and B clasts.
Care must be taken when evaluating mineral­
isation and alteration in the Elliott Bay area, as
it appears that the fluids that caused the alteration
and the disseminated and stringer-style sulphide
mineralisation (Group C) throughout the debris
flows in the Wart Hill area, are not the same
fluids responsible for the Group A and B clasts
or Voyager 19 sulphide lens mineralisation. The
hydrothermal system that formed the Group C
style of mineralisation is capable of forming
economic massive sulphide mineralisation and
areas with this particular style of mineralisation
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.
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A

B

Figure 12 Photographs of various mineralisation rypes in the £lIioll Bay area. A. Samples from groups A to D. 1­
Group A, spholerite-rich massive sulphide clast (WI/-2 44.2 ml 2-Group B. galena-spholerite.rich clast
in chlorite and sericite altered debris flow depo.lit (WN-10, 189.3ml. 3-Group C, stringers of sphalerite­
galena-pyrite in sericite altered volcaniclastic (WI/-8. 148.7 ml, 4-Group D, disseminated galena in
silicifiedfelsic volcanic(?I (WI-I-8. 261 mi. B. Group A, outcrop surface of sphalerite, galena and pyrite­
rich massive sulphide clast, Voyager 19 prospect.
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Figure 13 Histogram of 034S values (%0) for ,he different mineralisation Groups in the Elliott Bay area. Groups A
and B have very similar 034S values thai are heavier than mineralisation from groups C and D. See texl
for explaination of different sulphur sources.
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Figure /4 Elliott Bay data plotted on a {)34S versus 206Pb{204Pb diagram. The differences between Groups A and
B and Groups C and D are clearly illustrated.
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Figure 15 Working model for rypes of E/liOll Bay mineralisation and differing Pb isolOpe signalures.. A. In the
Cambrian a volcanogenic massive sulphide deposit (Groups A and B Pb). of unknown size.formed on the
seafloor somewhere in the vicinity of the Wart Hill. B. and C. Subaqueous debris flows incorporaled
fragments of this mineralisation and deposited chem at the present day sice of Wart Hill, D, These
fragmell/s became one oilhe dasttypes in che debris flow deposils. E, Shortly after the deposition of the
debris flows a separale generation of hydrothermal fluids passed through these rocks causing alleralion
(sericite, silica. chlorite, minor carbonale) and precipilation of disseminaled and stringer sulphide
mineralisation (Group C Pb). F, During. or shortly after. the Devonian deformation another generation
of hydrothermal fluids passed through the rocks causing minor alteratwn and sulphide mineraliSalion

along faulls and fractures (Group D Pb),
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Figure 16 Gulson et al.' s (1987) model explaining the eyolution of lead isolOpe signa/uresfor the mineralisation and
host rocks aI EWOll Bay.
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Cambrian volcanism in rifting environment.
Hydrothermal leaching of background lead
in convective cell. Concentration of lead
into stratiform massive sulfide lenses.

+
DEVONIAN GRANITE

+

Mid-Oevonian d.'orm.tion (T.bber.btle,.n Orogeny) !ollowed
by granile intrusion. Cont=:enlration 0' baCkground le.d info

Pb-Zn-AI nin Iy.taml CI) and DyrrnotHa-c...it.rita
,eollea"'anl dlDoliia (U).
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Intrusion ot Cambrian granites and
associated high level porphyries.
Disseminated and vein-style lead-zinc
and gold mineralization accompanied
by carbonate alteration.
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I
~

I Table 3 Elliott Bay Lead and SUlphur Isotope Data

i Plot Sampla Location Mlnenll••Uon Typa Minerai 206/204 2071204 208/204 dal34S GROUP

•

I
1 EB 1000 WH 233.m SUS CLAST Gn.Sp 18.095 15.604 37.951 14.6 A
2 EB 1001 WH 235.9m DISSEM IN CHL ALT Py.Sp,Gn 18.111 15.606 37.972 17.1 A
3 EB 1002 WH 244.2m MASS SUS Sp.Gn 18.086 15.571 37.869 17.6 A
4 EB 1003 WH 247.3m STRINGER IN SIL ALT Sp,Gn 18.070 15.586 37.883 17.2 A

I
5 EB 1004 WH 248.9m MASS SUS Sp.Gn 18.097 15.594 37.930 15.8 A
6 EB 1005 WH 4 49.8m SUS CLASTS Sp,Gn 18.083 15.592 37.907 12.3 A
7 EB 1006 WH 4 53.4m SUS CLASTS Sp.Gn 18.109 15.581 37.893 14.7 B

II(l 8 EB 1007 WH 454.0m MASS SUS Sp,Gn 18.119 15.580 37.910 16.4 B

I 9 EB 1008 WH 4 84.8m MASS SUS Sp.Gn 18.063 15.574 37.852 16.4 A
10 EB 1009 WH 5 279.1m LATE VEIN Q1 18.377 15.6 I 5 38.219 11.9 D
1 1 EB 1010 WH 6 48.0m SUS CLAST IN SIL ALT Gn.Sp 18.143 15.588 37.948 17.1 B

I
12 EB 1011 WH 650.0m SUS CLAST IN SIUSER ALT Gn.Sp 18.121 15.583 37.914 16.2 B
13 EB 101". WH 6 50.0m SUS CLAST IN SIUSER ALT Gn.Sp 18.128 15.589 37.928 16.2 B
14 EB 1012 WH 6 58.5m SUS CLAST Sp.Gn 18.233 15.603 38.058 12.3 C
15 EB 1013 WH 795.1m SUS IN ALT Sp.Gn 18.212 15.603 38.067 10.9 C

I 16 EB 1014 WH 9 114.8m SUS IN SER ALT Q1 18.248 15.604 38.097 NS C
17 EB lOIS WH 8 109.5m STRINGER IN SERiCARB AL1Sp.Gn 18.221 15.599 38.044 13.4 C

i() 18 EB 1016 WH 8 148.7m STRINGER IN SERiCARB AL1Sp,Gn,Py 18.236 15.592 38.039 14.0 C

I
19 EB 1017 WH 8 261.0m DISSEM SUS IN SIL ALT Q1 18.428 15.630 38.319 NS D
20 EB 1018 WH 10 76.4m STRINGER Sp,Gn,Py 18.236 15.612 38.102 11.2 C
21 EB 1019 WH 10 81.6m DISSEM SUS IN SER ALT Py,Gn,Sp 18.402 15.611 38.222 ·11.5 D

I
22 EB 1020 WH 10 170.2m STRINGER IN SIL ALT Sp,Gn 18.211 15.586 38.007 11.2 C
23 EB 1021 WH 10 187.5m CLAST? Gn,Sp 18.139 15.589 37.950 16.8 B
24 EB 1021'. WH 10 187.5m CLAST? Gn,Sp 18.120 15.596 37.960 16.8 B
25 EB 1022 WH 10 ·189.3m SUS CLAST Gn,Sp 18.115 15.585 37.918 16.9 B
26 EB 72079 WH 245.5m SUS MATRIX Gn.Sp.Py 18.118 15.627 38.027 15.6 A

I 27 EB 72080 WH 8 185.0m MASS SUS Gn.Sp 18.081 15.577 37.873 15.3 A
28 EB 72085 WH 447.0m SUS MATRIX Gn,Sp,Py 18.067 15.578 37.870 14.5 A

~ 29 EB 72086 13310N 10060E MASS SUS Gn.Sp 18.075 15.585 37.891 18.5 A

I
30 EB 72087 13040N 10060E MASS SUS Gn,Sp 18.098 15.570 37.876 16.8 B
31 EB 72089 WH 4 54.0m MASS SUS Gn,Sp 18.134 15.603 37.975 15.7 B
32 EB 72096 13080N 10020E MASS SUS Gn,Sp 18.191 15.605 38.041 16.2 C

I
33 EB 72096,. 13080N 10020E MASS SUS Gn.Sp 18.188 15.601 38.024 16.2 C
34 EB 72094 WH 235.5m SUS MATRIX Py,Sp,Gn 18.099 15.592 37.920 17.5 A
35 EB 721 I 1 WH 10 189.3m MASS SUS Sp.Gn , 8.151 15.599 37.982 16.9 B
36 EB 72112 13040N I 0060E MASS SUS Gn,Sp 18.107 15.579 37.898 17.2 B

I
37 EB 72113 13040N 10040E SUS BAXX Py,Sp,Gn 18.093 15.595 37.940 16.0 A
38 EB 72121 13310N 10085EMASSSUS Sp.Gn 18.075 15.576 37.862 17.0 A

~
39 EB 72075 WH448.1m SUS MATRIX Sp,Gn 18. I 39 15.594 37.953 15.5 B

I 1992 Exploration

Pb (ppm)
CSN 565551 near coast SOIL 814 18.252 15.584 38.050 NS C

I CSN 56520£ near coast SOIL 1290 18. 177 15.583 37,992 NS C
565531 on coast SULPHIDE >1% 18.215 15,590 38,014 14.3 C
565531 on coast SULPHIDE >1% 18,228 15,611 38,075 14,3 C
565532? on coast SULPHIDE > 1 '% 18,223 15.596 38.037 NS C

I 565530 on coast SULPHIDE :> , "/0 18,171 15.582 37.969 NS B-C?

565576 on coast SULPHIDE :> 1 % 18.181 15,606 38.040 NS B-C?

~

I
Abbreviations: MASS",massive, SUS=sulphide, BRXX::breccia. OISSEM=disseminaled. ALT ",alteration. Gn=galena,
Sp=sphalerite. Py=pyrite, NS=no sample. re=repeal sample
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The geological variables are:

1) The age of lhe sample, i.e. the time al which the Pb was incorporated into the rock/mineral.

3) The U/Pb and Tb/U ratios in the rock/mineral between the time the Pb was incorporated

and the present.
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CODES/CSIRO/Aberfoyle ~
December 1992
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APPENDIX A

Learning to Cope With Pb Isotope Diagrams
(from Carr and Dean, 1992)

A growth cnrve is a model of this variation and indicates the expected isotopic composition of Pb-rich

ores at any particular slage in the Earth's history. There is no Utlique growth curve for the Earth, and

different curves can be generated assuming source rocks with different U/Pb and Th/U ratios. Model

ages can be determined when data from bigh-Pb samples plot oaor near a growth curve on a

207PbP04Pb vs 206pb;204pb diagram. The accuracy of model ages vary considerably and relies on

the appropriateness of the chosen model. The commonly used Cumming and Richards curve is based

On the assumption that the U/Pb and Th/Pb ratios in the Earth's crust have been varying continuously

and is correlated with the known ages of a set of massive sulfide deposits which probably gained their

Pb from hydrothermal solutions which leached large volumes of rocks through the crust. Massive

sulfides and other ores which leached their Pb from mantle rocks or lower crustal rocks will not fallon

this growth curve.

Variation of the Pb iSOlOpe ralios shown on the common XY plOlS (206pbp04pb, 207pb/204pb,

208pb/204pb, resulls principally from goeological faclors. However, some variation can be ascribed 10

analytical errors. The 95% confidence ellipse of the error associated with any Pb isotopic analysis is

shown in the lOp lefl band comer of each diagram. The major axis of this ellipse indicales the strong

correlalion inherenl in the errors which arise from a combination of fractionation and 204pb error.

Fractionalion occurs al the very high lemperarures induced during maSS spectromeler analysis and

resulls from preferelltial emission of the lighler isolopes relative 10 the heavier isolopes. 204pb error

resulls from the lower precision in eSlimating peak heighls of this low abundance isolope,

The isotopic ratios that a;e presented in the common XY plOlS are 206pbP04pb, 207 Pb;204pb and

208pb;204pb. Wbilst 206pb, 207Pb and 208pb derive from the constant radiogenic decay of 238U,

235U and 232Th respectively, 204pb bas no parent isotope and so its abundance docs not change

through geological time. Thus the three ratios above are continually increasing with time according to

well defined decay criteria.

2) The relative amounts of Pb, U and Th (expressed generally as 238UP04Pb (}l) and

232Tbp04Pb) in the source rocks from which the Pb was leached prior to incorporation in the

rock/mineral.
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The Pb isolope fingerprinting teehniqne is based on the faelthal in any geological domain. ores

forming during a particular mineralizing event from the same or similar source rocks will have the

same isotopic composition. In some cases we can broadly predict the likely isotopic composition based

on geological criteria such as age/rock type etc., but in generaltbe tecbnique relics on a library of data

on known ore deposits in a region.

This isotopic "fingerprint" represents the Pb isotopic composition at the time of formation of the

ore/rock - otherwise known as the initial ratios. If tbe ore/rock bas relatively low U/Pb, and Tb/Pb

ratios, sucb as in galena, tben these initial ratios will not cbange with time because insignificant 206Pb,

207Pb and 208pb will bave been added ills i tu since the time of formation by the radioactive decay of

238u, 235U and and 23~b respectively. However with "Iow-Pb" samples (generally less the about 50­

100 ppm for Palaeozoic samples and less than about 500-1000 ppm for Proterozoic samples)

measurable 206pb, 207pb and 208pb will bave been added by ill situ radioactive decay and so tbe

206pb;204pb, 207pb;204pb and 208pb;204pb ratios will increase; i.e. will be more radiogenic. Tbis

effect will be magnified in bigb-U samples and bigber Pb contents than the figures quoted above are

needed to guarantee that significant additional radiogenic Pb bas not cbanged the initial ratios.

35
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Sonrce rock studies involve determining, if possible, tbe initial Pb isotope ratios of those rocks

considered to be possible source of metals for mineralization. Such studies are particularly important

in areas where mineralization may result from a syngenetic event;sucb as a VMS deposit, or from

later granite intrusion. The syngenetic signature may be well established, but it is also important to

know what is tbe likely Pb isotopic composition of epigenetic mineralization forming in response to

the intrusion. This may be done by measuring mineralization known to be associated with the

intrusion, such as skarns, or by determining the Pb isotopic composition of a relatively high-Pb silicate

component such as K·feldspar. Although K-feldspars may contain a significant proportion of

radiogenic Pb (i.e. Pb derived from ill situ radiogenic decay since crystallization) techniques are

available that enable, in many instances, the discrimination of the initial component from the

radiogenic component.

Where ill situ radioactive decay bas occurred the ratios will plot on a line on any of the diagrams

commonly presented. Tbis line will always mcorporate the initial ratios. On the 208pb/204 vs

206pb;204Pb diagram the slope of the line is dependant on the Th/U ratio of the sample, whereas on

tbe 207pb/204pb vs 206pb;204pb diagram the slope is dependant only on the time interval over wbicb

radioactive decay"bas taken.place. In tbis latter case, where it can be shown that the isotope ratios of

all the points on sucb a line bave developed under a closed system with respect to Pb and U then the

line is termed an Pb-Pb isochron. An isocbron is thus deCined by tbe slope, m, of a linear regression

througb the data. An estimate of bow well such a regression fit the data is gained from Mean Square

Root of the Deviates or MSWD. This function compares' the deviation of each point from the

regression relative to the estimeat of analytical precision. An MSWD of 1 or less indicates that the

data deviate minimally from the regression wbereas higber values indicate increasing deviation.
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