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1.0 Summary

• Previous diamond drilling by the Goldstream-Titan Joint Venture at
Specimen Reef returned unpromising gold values but intersected a
substantial, post-deformational alteration and vein system.

• Petrographic studies show that the alteration is characterised by white
mica and siderite/ankerite whilst most of the veins are characterised
by siderite/ankerite. High grade gold occurs in association with
brannerite in a siderite/ankerite vein in IMIISavage Resources' drill
hole SP1. Overall, the system has many similarities to Archean and
Proterozoic quartz-carbonate shear hosted Au deposits.

• Geophysical interpretation suggests that Specimen Reef is in a NE
trending structure which extends 2km on either side of the old
workings.

• Sampling, mapping and geophysics are recommended to confirm the
structure with a view to drill testing along its strike. There is also
scope for further drill testing at the old workings.

• The Specimen Reef structure may be related to the Donaldson Fault
which is a substantial regional structure.

2.0 Introduction

This report outlines progress in EL26/95 for the year to 6.3.99. It should
be read in conjunction with two earlier annual reports, one to 6.3.97 and
the other to 6.3.98.

The annual report to 6.3.97 discusses land tenure information and
geology. It includes a comprehensive review at historical mining and
modern mineral exploration at Specimen Reef by consultant Lindsay
Newnham. The report to 6.3.98 gives results of diamond drilling by the
Goldstream-Titan Joint Venture at Specimen Reef.

3.0 Tenement information

EL26/95 has an area of about 15skm and lies immediately north of the
Savage River Mine leases (Figure 1). The licence will remain current to
5.4.06, providing that the licensee's performance is deemed satisfactory
by the Tasmanian Minister of Mines.

The recent State and Commonwealth Governments' Regional Forest
Agreement will not affect access for mineral exploration and development
in EL26/95.

4.0 Previous work by Goldstream and Titan

A soundly based interpretation of the subsurface disposition of Specimen
Reef was produced as part of the consultant's review of historical mining
and modern mineral exploration. The Joint Venture drilled two diamond
holes to test the interpretation.
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The holes were drilled in a north westerly directed 'fence' perpendicular to
the strike of Specimen Reef (Plan 1). The lower hole (SCDDH1) was
aimed at a narrow intersection reported by IMI/Savage Resources from
their SP1 drill hole. This 3m intersection included O.2m of 910gpt at
141m but was otherwise low grade. It lies to the east of Specimen Reef
in Newman's interpretation. SCDDH2 was designed to provide a near­
intersection of Specimen Reef, about 30m above SCDDH1.

IMI/Savage Resources' drill hole SP13 was used as a reference for
locating the Joint Venture's holes (Appendix 4A). Logs and analytical
results of the drilling are given in the Annual Report to 6.3.98 and in
Appendices 4B and 6 of this report.

SCDDH1 should have passed close to the previous rich intersection at
about 160m. An isolated 1m assay of O.24gpt was returned from 145m
but otherwise, no gold values above detection limit were returned from
this vicinity. Instead, the hole intersected 2m averaging O.56gpt at 189­
191m with an interval of intensely broken core at 189-189.65m. This
intersection corresponds to the extrapolated position of Specimen Reef in
the consultants interpretation.

SCDDH2 encountered scattered anomalous gold values of 30-50ppb in
the interval 133-140m. Virtually everywhere else gold was under
detection limit. The anomalous interval corresponds closely with the
onset of pervasive alteration in the core (Appendix 4B) and is within a few
metres of the extrapolated position of Specimen Reef at 142m. Intervals
of intensely broken core were encountered at158.15-159.5m and 163.5­
164m but no gold values are associated with them.

Both drill holes returned gold values from the predicted positions of
Specimen Reef. They intersected the reef in a zone that would be down­
plunge of the lodes in the old mine if the lodes were structurally controlled
by the intersection of Specimen Reef with the main foliation in the host
rocks. No lode was intersected.

Substantial intervals of fairly continuous alteration and veining were
encountered in both holes (170-221m in SCDDH1, 129-179.9m in
SCDDH2). The alteration and veining are younger than the main foliation
so the reef-foliation intersection is unlikely to be an ore control. Historical
records give a south easterly plunge of about 45 0 for the lodes. Further
drilling would be required to test down-plunge positions in that direction.

5.0 Work within this reporting period

During the current period the Joint Venture has received consultant
Robina Sharp's report on the petrography of the SCDDH1 core (Appendix
6) and consultant David leaman's report on airborne geophysical data for
EL26/95 (Appendix 5). Also, regional stream sediment sampling has
been carried out in El26/95 and lithologies in SCDDH2 were logged.

2
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5.1 NOTES ON PETROGRAPHY

The consultant identifies the alteration assemblage in SCDDH1 as
generally white mica and carbonate (siderite or ankerite), only describing
silicification at 179m depth. The impression gained from independent
logging is that silicification is fairly common in the main alteration intervals
in both holes.

Two dominant vein types are recognised namely, quartz ±feldspar and
carbonate (siderite/ankerite). The conclusion from independent core
logging is that there are two subdivisions of the first type. There are pre
main foliation veins which are boudinaged and there are post foliation
white carbonate ±feldspar + quartz veinlets. The siderite/ankerite veinlets
overprint both subdivisions.

Importantly, the consultant has identified as brannerite the mineral
associated with gold in the high grade intersection in IMI/Savage
Resources' drill hole SP1. Also, the high grade mineralisation is hosted
by a siderite-ankerite vein. The low grade material in the SCDDH1
intersection with Specimen Reef was not described.

The consultant observes that the characteristics of alteration and gold
mineralisation described for Specimen Reef have many similarities to
those described for Archean to Proterozoic quartz-carbonate shear
hosted gold deposits.

Consultant Rob Edwards found that the high grade intersection in SP1
gave a strong scintillometer response. However, scanning of the
remainder of SP1, all of the other IMIISavage Resources holes and
SCDDH1 and 2 did not produce further responses.

Structural data is to hand which could fulfill the consultant's
recommendation that the orientation of the carbonate veins be
established with accuracy. However, it would take time to work up. The
data relates to SCDDH1 in which the core was oriented, but not to
SCDDH2 for which the 'spear' method of core orientation did not work
effectively. First impressions are that the siderite-ankerite veins form a
generally subparallel family in approximately the same orientation as
Specimen Reef.

5.2 AIRBORNE GEOPHYSICAL DATA

The consultant found suggestions in the aeromagnetic data of a NE-SW
trend which persists for up to 2km in either direction from the known
position of Specimen Reef. There are also NW-SE trends in the data but
these cross into late Palaeozoic rocks and Tertiary basalt (Plan 1) and
thus, may be too young to relate to the mineralisation. Some treatments
of the aeromagnetic data may suggest that alteration (loss of magnetic
contrast) is restricted to the vicinity of the old workings.

3
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Not much was derived from the airborne radiometric data. Some support
for the NE-SW trend of the Specimen Reef zone was tentatively
identified.

5.3 REGIONAL STREAM SEDIMENT SAMPLING

The Joint Venture has commenced a regional stream sediment survey of
its tenements north of Savage River Mine. Panned concentrate, ­
40#(BCl) and -80# samples are being collected for each site. Sample
types and analytical methods are detailed in Appendix 1 which also gives
the analytical results for El26/95. Sample locations and results are
plotted in Plan 1.

Stream sediments in parts of El26/95 are greatly disturbed as a
consequence of historical prospecting and mining. Therefore, it is
unlikely that the absolute analytical values of gold are comparable with
values for undisturbed areas. However, the sampling provides a good
indication of the distribution of gold bearing rocks.

Coarse gold (~0.1 mm) was returned in panned concentrates from
Specimen Creek, McPhee Creek, Davis Creek, Kaysers Creek, a tributary
of Broderick Creek (6034, etc), and the uppermost reaches of Broderick
Creek (6010, etc). Descriptions of the panned concentrates (Appendix 3)
show that the gold grains retain much of their original crystallinity and are
unlikely to have travelled far. There appears to be no contamination by
gold sourced from Tertiary gravel or from conglomerate in the late
Palaeozoic rocks.

Analytical values for gold in -40# (BCl) and -80# do not always correlate
with the counts of coarse gold grains in panned concentrates. Nor do
they always correlate with one another. Values for both fractions are
notably high in Specimen Creek and relatively high in the tributary of
Broderick Creek whilst the -40# value in upper Broderick Creek is
relatively high.

Because Specimen Creek is so disturbed, the pan. con. and analytical
values at the site of samples 6031-6033 must be regarded as artificial.
The two relatively high value sites are probably closer to natural values.
These sites are in streams which drain a formation of chloritic schist with
minor phyllite, dolomite and interbanded amphibolite (Pac). Previous soil
sampling by IMI/Savage Resources indicates that this formation is locally
anomalous in gold with scattered fire assay soil values ranging 120­
1680ppb (Plan 1).

Neither the Joint Venture's regional stream sediment sampling nor
IMI/Savage Resources' soil sampling has done much to test the possible
extensions of Specimen Reef. The interpreted 2km extension to the
south west is largely within ABM's leases.

4
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6.0 Conclusions

The Joint Venture's drilling programme has not returned promising gold
values and indicates that the high grade intersection in SP1 is of very
limited extent. The likely plunge direction of the lodes in the old mine was
not tested by the drilling.

A substantial alteration system characterised by white mica and
siderite/ankerite is present at Specimen Reef. There is an associated
veinlet system characterised by white carbonate-quartz veinlets and by
dominant siderite/ankerite veinlets. First impressions are that the latter
veinlets form a sheeted system, subparallel to Specimen Reef. High
grade gold associated with brannerite has been found in a very small part
of the siderite/ankerite vein let system.

Aeromagnetic interpretation suggests that Specimen Reef is within a
north east trending structure which may extend for 2km in either direction
from the old mine. The position and trend suggest that the structure is
related to the Donaldson Fault, a major regional structure (Figure 3).

Soil sampling by IMI/Savage Resources indicates that the geological
formation which is cut by the Specimen Reef structure is locally quite
anomalous in gold. If fluids leaching such a formation were concentrated
in the Specimen Reef structure, economic gold deposits might be formed.
Therefore, further exploration of the structure is considered worthwhile,
particularly to the south west where the structure appears to cut other
rocks that are likely to be anomalous in gold.

The Donaldson Fault, Pieman Fault, Smithton Fault (Roger River Fault)
and Henty Fault (Figure 3) may be members of a family of major regional
structures with common geological processes operating in them. Other
intersections by members of this group of faults with the AMC should be
targeted for investigation.

7.0 Recommendations

The Joint Venture should map the possible extensions of the Specimen
Reef structure with the aim of drilling the structure at a series of positions
along its length. The mapping will entail stream sediment and soil
sampling, geological mapping and geophysical work. An effective
program would require access to ABM's leases.

There is scope for further drilling to test the down plunge position of the
lodes in the old mine. This would require drilling from a point north east
of the existing holes. Further to the north east IMI/Savage Resources
established a soil anomaly (max 544ppb - Plan 1) but drilled south east to
test it, rather than north west towards the reef. Further examination of
their data should be undertaken to determine if drilling to the north west is
justified.

5
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Figure 3 Proterozoic-Palaeozoic geology of northwest Tasmania

(Turner, 1989). Also see Calver et al (1995).
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8.0 Environmental matters

No work requiring environment rehabilitation was undertaken during the
reporting period. No rehabilitation of the SCDDH1 and 2 drill sites and
tracks has been carried out.
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Goldstream - Titan Joint Venture

Corinna Project

El26/95: Annual Report to 6.3.99

APPENDIX 1

REGIONAL STREAM SEDIMENT SAMPLE NUMBERS. AMG CO-ORDINATES AND
ANALYTICAL DATA CONSISTING OF:

A -80# Au, Cu, Pb, Zn, Ag, As, Sb, Mo, Bi, U, V
B -40# BCl Au, Ag, Cu

Sample Types

Three samples were generated for each site. Representative gravel, sand and
silt collected across the stream bed was sieved in the field to give around 2kg of
-40# product. A subsample of this product was sieved to -80# in the laboratory.
Pan. con. samples were derived from 9 Iitres of minus 4cm, active gravel collected
in the stream bed. Pan. con. samples have not been analysed at this time.

laboratory Processing

Analabs
Dry, fine pulverize ringmill -40# (S033), ditto for subsample plus sieve to -80#
(S004); Au, Ag, Cu in -40# by 24hr cyanide leach solvent extraction, carbon rod
(B689); Au in -80# by 30gm fire assay (F630); triple acid digest of -80# (G1 02)
with Cu, Pb, Zn, Ag, As, Bi, Mo by AAS (A102); As by hydride generation AAS
(H102); volatile element digest of -80# (G1 09) with Sb by hydride generation AAS
(H109); pressed pill of -80# with U, V by XRF (X401).

7
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1A: -80# fire •••• I.cid digestlXRF I I I
I

Eastina Northina S.mple Licence Au AU(R) Cu Pb Zn Ag As i Sb Mo Bi i U V
Units ppm ppm ,ppm ppm ppm ppm ppmi ~pm iopm i oom; ppm ppm

DL , 0.01 0.01 2 3 2 1 50 0.5 5 10 i 3 5
I 1 I i i,

I I I

352450 5411250 6009 EL26/95 0.07 - 8 3 31 <1 4 I <0.05 <5 : <10 I <3 59
352550 5413825 6012 EL26/95 <0,01 · 7 <3 20 <1 3 <0.05 <5 <10 I <3 16
351000 5410950 6030 EL26195 0.02 - 14 5 39 <1 2 <0.05 <5 <10 I 4 148
351250 5410900 6033 EL26/95 1.18 · 30 <3 128 <1 5 <0.05 <5 <10 <3 190
351200 5412750 6036 EL26/95 0.1 - 8 6 10 <1 <1 '<0.05 <5 <10 3 40
353100 5410010 6039 EL26/95 0.01 - 9 4 7 <1 1 <0.05 <5 <10 <3 39
353010 5410075 6042 EL26/95 <0.01 · 8 5 17 <1 6 <0.05 <5 <10 <3 64
351150 5412625 6045 EL26/95 0.04 - 6 <3 13 <1 2 <0.05 <5 <10 5 56
351200 5410850 6048 EL26/95 0.04 · 21 5 56 <1 1 <0.05 <5 <10 <3 153
352750 5412000 6052 EL26/95 0.02 - 5 4 8 <1 2 <0.05 <5 <10 4 17

1B: -40# BCL

E.sllng Northing S.mple Licence Au Ag Cu
Units ppb ppm ppm

DL 0.05 0.01 0.01

352450 5411250 6008 EL26/95 4.63 <0.01 0.33
352550 5413825 6011 EL26/95 27.5 <0.01 0.43
351000 5410950 6029 EL26/95 1.48 <0.01 0.36

f-'~'I----
351250 5410900 6032 EL26/95 377 0.02 2,54
351200 5412750 6035 EL26/95 12.9 <0.01 0.22
353100 5410010 6036 EL26/95 3.1 <0.01 0.75
353010 5410075 6041 EL26/95 1.96 <0.01 0.35
351150 5412825 6044 EL26195 0.97 <0.01 1.34
351200 5410850 6047 EL26/95 0.38 <0.01 0.47
352750 5412000 6051 EL26/95 2.18 <0.01 0.53

8
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Goldstream - Titan Joint Venture

Corinna Project

EL26/95Specimen Creek: Annual Report to 6.3.99

APPENDIX 2

ROCK CHIP SAMPLE NUMBERS, AMG CO-ORDINATES, DESCRIPTIONS AND
ANALYTICAL DATA

Laboratory Processing

Analabs
Dry, jawcrush fine pulverize, ringmill (S033); Au by 30gm fire assay (F630); triple
acid digest (G102) with Cu, Pb, ln, Ag, Bi, Mo by AAS (A102); As by hydride
generation AAS(H102); volatile element digest (G109) with Sb by hydride generation
AAS (H109); U, V by XRF (X401).

9



Easting Northino Sample Job Number Au Au(R) Cu Pb Zn Ao As Sb 81 Mo U V
Units oom oom oom loom loom Innm oom nnm 'nom loom loom oom

DL 0.01 0.01 2 3 2 1 1 0.5 10 5 3 5

351325 54'0850 4054 BU014691 0.01 - 10 3 55 <1 4 <0.5 <10 <5 <3 62
351150 5410825 4055 8U014691 <0.01 . 198 <3 109 <1 25 30 <10 <5 <3 1122
351150 5410825 4056 BU014691 <0.01 - 4 <3 5 <' 2 <0.5 <10 <5 <3 41
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Sample Number

4054

4055

4056

Description

Granular quartz with patches and seams
of limonite, drusy cavities.
Goethite, cellular limonite, granular quartz,
drusy cavities (mullock outside adits west
of Specimen Reef).
Pale granular quartz with cellular limonite
patches.

10



The following scales are used for describing the physical characteristics of gold grains:

MICROSCOPE EXAMINATION OF GOLD PARTICLES IN PANNED CONCENTRATE
SAMPLES, SPECIMEN CREEK AREA, EL26/95.

EL26/95 Specimen Reef: Annual Report to 6.3.99

1 fJ. c: 1\ .,' ,.,
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COLOUR

pale
medium
rich

Corinna Project
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APPENDIX 3

by

TRAVEL DAMAGE

nil
minor
moderate
major

H.D. Nolan
PO Box 77, Sorell
Tasmania 7172

Goldstream - Titan Joint Venture

complete
distinct
remnant
nil

CRYSTALLINITY
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1/3

TO: NIC TURNER GOLDSTREAM MINING NL

FROM: HUGH NOLAN

DATE: 22-05-98

CORINNA PROJECT - SPECIMAN RIDGE

EXAMINATION OF PANNED CONCENTRATE STREAM SAMPLES. EXAMINATION
UNDERTAKEN USING AN OLYMPUS 10-40x STEREO MICROSCOPE.

SAMPLE 6007 (352450e 54ll250n)

Dominant hematite & magnetite.
Minor chalcopyrite,pyrite,rutile,epidote & mica.
No Tertiary gravel heavy minerals observed.

Gold x 6 particles

1 x 0.5mm distinct crystallinity medium colour
3 x O.lmm complete crystallinity pale colour
2 x O.lmm distinct crystallinity medium colour

SAMPLE 6010 (352550e 54l3825n)

Moderate hematite & rutile.
Minor magnetite,mica & epidote.
No Tertiary gravel heavy minerals observed.

Gold x 5 particles

1 x 1.Omm distinct crystallinity medium colour
1 x 0.5mm complete crystallinity pale colour
1 x 0.5mm nil crystallinity medium colour
2 x O.lmm distinct crystallinity medium colour

SAMPLE 6028 (35l000e 54l0950n)

Dominant hematite & magnetite.
Minor mica.
No Tertiary gravel heavy minerals observed.

Gold x 9 particles

2 x 0.5mm remnant crystallinity medium colour
1 x 0.3mm distinct crystallinity medium colour
1 x 0.3mm remnant crystallinity medium colour
5 x O.lmm remnant crystallinity medium colour

12
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2/3

SAMPLE 6031 (35l250e 54l0900n)

Dominant hematite & magnetite.
Moderate mica.
Minor epidote.
No Tertiary gravel heavy minerals observed.

Gold x 16 particles

1 x 2.0mm remnant crystallinity medium colour
1 x 0.5mm complete crystallinity pale colour
3 x 0.5mm distinct crystallinity medium colour
1 x 0.5mm remnant crystallinity medium colour
4 x O.lmm complete crystallinity medium colour
6 x O.lmm distinct crystallinity medium colour

SAMPLE 6034 (35l200e 54l2750n)

Dominant hematite.
Moderate pink garnet & rutile.
Minor magnetite,mica & pyrite.
No Tertiary gravel heavy minerals observed.

Gold x 5 particles

1 x 0.5mm nil crystallinity medium colour
2 x 0.5mm remnant crystallinity medium colour
2 x O.lmm remnant crystallinity medium colour

SAMPLE 6040 (3530l0e 54l0075n)

Dominant brown,gold,silver coloured mica.
Minor epidote,rutile,hematite & magnetite.
Trace chalcopyrite.
No Tertiary gravel heavy minerals observed.

No gold observed.

SAMPLE 6043 (35ll50e 54l2825n)

Dominant Hematite.
Moderate mica & magnetite.
No Tertiary gravel heavy minerals observed

No gold observed.

13
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3/3

SAMPLE 6046 (351200e 5410850n)

Dominant granular & specular hematite.
Significant magnetite.
Minor epidote & mica.
No Tertiary gravel heavy minerals observed.

Gold x 5 particles

1 x 0.5mm remnant crystallinity medium colour
1 x O.lmm distinct crystallinity medium colour
3 x O.lmm remnant crystallinity medium colour

SAMPLE 6049 (351750e 5411000n)

Dominant magnetite.
Moderate hematite & mica.
Minor pyrite,chalcopyrite & epidote.
No Tertiary gravel heavy minerals observed.

Gold x 9 particles

1 x 1.0mm nil crystallinity medium colour
5 x O.lmm complete crystallinity
3 x O.lmm distinct crystallinity

The medium to pale colour of all O.lmm particles
is masked by limonitic coating or tarnish.

SAMPLE 6050 (352750e 5412000n)

Dominant white quartz sands & mica.
Trace magnetite.
No Tertiary gravel heavy minerals observed.

No gold observed.

14
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Goldstream - Titan Joint Venture

Corinna Project

EL26/95: Annual Report to 6.3.99

APPENDIX 4

ADDITIONAL DATA RELATING TO THE 1997 DIAMOND DRILLING
PROGRAM.

A Locations of SCDDH1 and 2
B Summary Log for SCDDH2
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A Locations of drill holes SCDDH1 and SCDDH2

The IMl/Savage Resources drill hole SP13 was used as a reference for
locating SCDDH1 and 2. Positions of the holes were located by tape and
compass survey from the collar of SP13, SCDDH1 being 111m distant at
1320 AMG and SCDDH2 43m distant at 1320 AMG.

AMG co-ordinates and RLs for the collar points have been estimated from
Plan 1 of Newnham (1996). Elevations derived from Plan 1 of this report
are respectively 4m and 7m lower for SCDDH1 and SCDDH2.

The co-ordinates given for SCDDH1 in the annual report to 6.3.98 are
revised here. However, the position of the hole in Plan 1 of that report
remains the same.

SCDDH1 SCDDH2
Eastinc(m) 252237 352184
Northinc(m) 5410945 5410987

RUm) 450m 449m

16
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B: 5CDDH2 Summary log

Depth Lithology - Boundaries sub-parallel main foliation
(52), usually at low angle to core axis.

Weathering intense to 24m with broken, ochreous core;
weathering patchy to 33m; minor weathering to 42.5m.

0-13.5 Fine grained, metamorphically laminated schist
consisting of micaceous minerals and minor quartz.
Milkv auartz fraaments 10-11 m.

13.5-17 Poor recovery, milkv auartz fraaments.
17-22 Fine grained, relatively massive, unlaminated

metamorphic rock.
22-23.5 Poor recovery, milkv auartz fraaments.

23.5 Becomes much less weathered.
23.5-35 Rock type A: Medium to dark grey, fine grained,

metamorphically laminated, mica-minor quartz schist.
Quartz vein boudins parallel to main foliation, locally
developed crenulation cleavage.

35-49.9 Rock type B: Dark grey, fine grained, relatively massive
metamorphic rock with <1% pyrite, boudins uncommon.

49.9-60 Rock type A.
60-75.5 Rock type B, with fine grained quartzite bands.

75.5-81.6 Rock type A.
81.6-83.5 Rock type B.
83.5-85.4 Rock type A.

85.4-125.5 Rock type B.
125.5-165.5 Rock type A, mostlv altered.
165.5-169.5 Rock type B, mostlv altered.
169.5-180.5 Rock type A, mostly altered.

Alteration - post main foliation (52)
0-129 Intervals of pale, creamy, fine grained, fairly uniform,

undisruptive alteration with fairly sharp boundaries at
46.20-46.24, 64.52-64.54, 65.72-65.74, 65.84-65.87,
66.05-66.10, 66.83, 67.1, 70.05, 70.1, 71, 72.2-72.5,
80.85-81, 81.45-81.8, 85.1-85.7, 86.05-86.55, 86.76,
86.9-87.15,89.85-89.91, 90.6-90.66, 91.45-91.65, 92-
92.35, 93-93.05, 93.2-93.35, 94.9-95.15, 95.86, 97.7-
97.72, 97.8-97.85, 97.9-98.15, 98.3-98.35, 98.38-98.45,
98.55-98.65, 98.78, 99.23, 99.33, 100-100.2, 100.27-
100.3,100.78-100.94,100.03-100.1,109.74-110,110.25-
110.45, 110.65-110.75, 110.85-111, 111.8, 113.33,
114.6, 115-115.15, 115.5-116 (patchy), 116.9-117.9
(patchy), 120.6.

129-179.9 Cream alteration and grey, siliceous alteration
widespread: 129-137 pervasive, 137-142 mostly altered;
142-150 patchy, 150-155.5 relatively unaltered except for
thin interval at 152.1, 155.5-162.5 pervasive, 162.5-163
mostly altered, 163-167.2 pervasive, 167.2-169.8 patchy,
169.8-179.9 pervasive.
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179.9-180.5 Relatively unaltered.
Veinlets - Post main foliation, pre and post
alteration. Most vein lets at high angle to core
axis.

0-43.4 Veinlets very sparse or absent.
43.4-68.5 Veinlets mostly consist of quartz and white carbonate,

buff carbonate (siderite) in a few, sparse veinlets; vein lets
common in the intervals 43.4-43.7, 46-52, 57-57.2, 59.3-
59.5, 62.5-68.5.

70-89.9 Veinlets common throughout though they comprise <10%
of the core. Veins mainly white carbonate>quartz but
siderite present in some. Examples: 80.95-10mm thick,
siderite>white carbonate>pyrite; 85.4-6mm thick, white
carbonate>quartz>siderite with one black, bladed grain
(?hematite); 87.5-white carbonate and quartz>pyrite cut
bY siderite and pyrite veinlet.

89.9-180.5 Veinlets mostly contain siderite though there are still
plenty of white carbonate and quartz veinlets. Examples:
89.9-5mm thick, pyrite>siderite; 94.85-20mm thick, white
carbonate, siderite, pyrite, quartz and black, bladed
mineral; 97-98 a few pyrite veinlets, 100.1-8mm thick
siderite with minor pyrite; 110.85-20mm thick white
carbonate and quartz with minor brown, bladed mineral
and cut by siderite vein lets; 114.05-10mm thick white
carbonate>quartz with pyrite and black bladed mineral,
cut by siderite veinlets; 115.03-15mm thick, similar.
158.15-159.5 Shattered core, trace fuchsite; 161-166.6-
common milky quartz veins, minor pyrite, trace fuchsite,
shattered core 163.5-164.
171.45-15mm Thick, quartz and pyrite with bladed
mineral - black with brown surface; 173.4-10mm thick
quartz and siderite with black bladed mineral, trace
fuchsite; 173 - similar; 174.3 - milky quartz vein with black
bladed mineral and trace fuchsite, cut by siderite veinlet;
179.2 - milky quartz vein with fuchsite, cut by siderite
veinlets.

18
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Goldstream - Titan Joint Venture

Corinna Project

EL26/95: Annual Report to 6.3.99

APPENDIX 5

COMMENTS ON AIRBORNE GEOPHYSICAL DATA EL26/95 SPECIMEN CREEK,
WEST TASMANIA.

by

D.E. Leaman
Leaman Geophysics

3 Maluka St
Bellerive Tasmania

7018
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L~qWP'J{eySIC5
Registered office:

3 MALUKA STREET. BELLERIVE, TAS. 7018
All correspondence to:

GPO BOX 320 C, HOBART. TAS. 7001
Telephone (03) 6244 1233
Fax: (03) 6244 6674

May 19, 1998

Mr N.J. Tumer,
65 Lochner Street,
West Hobart. Tas.

Dear Nic,

Please find attached my brief report and account.

There are distinct limits to what can be done with the data to hand. I am not sure that the
Hanning Filter approach is the best. You might suggest that a continuation separation
might be tried when the process people in Perth next play with the data. This would
involve continuing the data to say 500 m and then subtracting the observed data from
the continuation. This has the effect of enhancing detail and that is being lost at this
stage. Some experiment would be called for in tem1S of just how far to continue. This is
a workable, stable and reliable approach. The Hanning approach can be much more
damaging to the data. Whether there are useful details is a separate question.

Regards,

Dr. D.E. Leaman

20



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

•

L~(jWPJ{YSIC5
Registered office:

3 MALUKA STREET, BELLERIVE, TAS 7018
All correspondence to:

GPO BOX 320 C, HOBART. TAS, 7001
Telephone: (03) 6244 1233
Fax: (03) 6244 6674

COMMENTS ON AIRBORNE GEOPHYSICAL DATA
EL 26195 SPECIMEN CREEK, W TASMANIA

for
Goldstream Mining NL & Titan Resources NL

by
D. E. Leaman

May 1998

SPECCK
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1

Leaman Geophysics was asked to review the character of geophysical responses in the
Specimen Creek area (EL 26/95, see Figure 1) in order to offer an opinion as to whether
the reef (s) or related structures could be identified and, if so, what might be their
possible extent.

Geophysical data, principally magnetics data but also some radiometric data, have been
reviewed. Newnham (1996) notes that early geophysical wor\( failed to produce any
significant anomalies and observes that, in his opinion, there are no petrophysical
features associated with the reef or host rocks. In view of the present request these are
interesting comments. It is curious, then, that he goes on to state that collation and re­
processing of data may be of value "in guiding the direction of future exploration".

The site lies within the Arthur Metamorphic Complex a little west of a suite boundary.
Details of the local geology and possible controls on the reef are discussed by
Newnham (1996).

Magnetic susceptibility data have been reported by Turner (1997b) for holes DH1 and
DH2. These observations are of little use unless it is known how they should be scaled
or what type of instrument was used. (This information should always be included in
reports). It is assumed that the scale factor is either 10-3 or 10'5 SI. Typical values are
about 0.2 units although a range of 34 units is noted for some parts of DH1. All
variations occur within intervals which are generally less than one metre thick and the
changes are not consistently associated with whole rock alteration. The thin, anomalous
zones would not generate significant responses at the height of the airborne surveys.

Iron formations occur in the region and these generate some very large responses
which swamp any relatively subtle features which might be associated with the reef or
its host sequence.

Magnetic data were provided in three forms (from two surveys); a regional compilation
based on government surveys and a helimag survey completed as part of exploration
for EL 26/95 (see Turner, 1997a). An extract of the regional data is shown in Figure 2.
The reef is located near 352 000 mE, 5411 000 mN and there are certainly regional
suggestions that its NE-SW trend persists up to 2 km in each direction. This is indicated
by the general break in anomaly patterns to the SW and the NEiSW offset of the margin
of the metamorphic complex near 352 700 mE, as well as feature terminations, to the
NE. These comments must not be read to imply that the reef can be mapped, rather that
a significant structure or alteration axis, possesses a NE-8W trend and that the reef lies
within or near it. The resolution of this data set allows few other comments about
materials or features not directly associated with the sub N-S boundaries. The elements
of a shear rhomb may be recognisable in the Specimen Creek area if other breaks in
trend can be confirmed; these trend ENE and NW-SE. If this is indeed the case then the
reef orientation is structurally controlled by relatively recent sinistral shears.

The regional data were also supplied in filtered form (Hanning filter) and this appears to
support the more local conclusion in the region of the known reef. The NW-SE trending
features are also evident. It is not clear whether a Hanning Filter is the best type of filter
for this data and a direct continuation separation which avoids gradient enhancement
might be better.

Figure 3 shows the basemap used as overlay in other diagrams (from Newnham, 1996).
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Turner, N.J., 1997a. Exploration Licence 26/95. Specimen Creek W. Tasmania. Annual
report to 6/3/97. Report for Goldstream Mining NL & Titan Resources NL, October.

Turner, N.J., 1997b. Exploration Licence 26/95. Specimen Creek W. Tasmania. Annual
report to 6/3/98. Report for Goldstream Mining NL & Titan Resources NL.
December.

May 19, 1998
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Sharpe, R., 1998. Petrographic investigation of the alteration and vein assemblages at
the Specimen Creek Prospect, Arthur Mobile Belt, W. Tasmania. Report for
Goldstream Mining NL & Titan Resources NL, April.

Sharpe (1998) notes that a carbonate vein in hole SP1 hosts gold and brannerite. Other
samples from hole SC1 do not contain brannerite. Even though the occurrence seems
minor and unusual radiometric data were inspected in order to assess any possible
regional effects or contributions which might involve subtler elements of local
mineralogy.
Only regional radiometric data are available and these are shown in Figure 6 as total
counts. There is a N-S bias in the presentation due to contouring across a wide line
spacing (200 m). It is possible that a clear response association exists, especially in the
area immediately east and south of the mine symbol, and that a gross change
equivalent to the SW-NE magnetic trend 'IS also present. Counts are moderately
elevated SE of the prospect in the general location of SP1 but there is no evidence that
this is in any way related to the limited volume of unusual vein mineralogy.

Figures 4 and 5 present the more detailed helimag survey in both contoured and image
forms. Figure 4 shows that the reef clearly occupies a disrupted zone but rounding of
the contours tends to obscure the correlation. The anomaly terminations are more
clearly seen in the half tone representation of the colour image (Figure 5) and the
pattern would suggest that the feature extends at least 300 m to the SW of the reef
outcrop. This figure also stresses the more widespread loss of magnetic contrast in the
region within a radius of 250 m of the main workings. This correspondence might
indicate a strictly limited alteration/mineralisation system.

Report submitted on behalf of Leaman Geophysics by

Q~~~~
Dr. D. E. Leaman, B.Sc.(Hons), Ph.D., F.Aus.l.M.M.

Although Newnham (1996) is correct when commenting that the petrophysical variations
as observed are not significant there is little doubt that actual responses are substantial
and that the sources must lie in the local rocks. Nothing found, however, in existing drill
samples appears to account for what has been observed and a relatively wide (100-200
m) alteration axis is indicated. The reef lies within this system - as does most drilling. If
this association is real then a structurally(?)-controlled alteration zone, probably
including the reef, may persist at least one kilometre to both SW and NE of the main
workings.

References:
Newnham, L.A., 1996. EL 26/95 Specimen Reef area, W. Tasmania. Review of previous

data. AppendiX 1 of Tumer (1997a).
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Summary

Based upon logging and petrographic constraints the major findings on drill hole SC I an:: summariscJ hy
the following points:

• The wall rock is massive, homogeneous (metasediment?) and hosts ubiquitous quartz-K­

feldspadalbite alteration. This alteration is likely to be synchronous WIth quartz-feldspar veins and
predates regional pervasive cleavage (52)

• The two main vein types are quartz-feldspar and carbonate. Carbonate veins cross cut quartz­
feldspar veins as well as the penetrative cleavage (52). Some earlier quartz-feldspar vein re-opened
Juring carbonate vein formation. Carbonate veins form a sheeted vein complex around the sile of

Specimen Reef and these veins are interpreted to host Au mincmJisation in association with x.

• Au mjneralisation has two occurrences; 1) high grade electrum-carbonatc-brannerite
«U,Ca)(Ti,FehO,) veins in the alteration zone of Specimen Reef and 2) a disseminated, low grade
occurrence at the Specimen Reef structure.

• Two cleavages defined by the alignment ofphyllosilicate minerals are present and are l)a penetrative
cleavage varying from spaced to anastomosing (S2) and 2) a crenulation cleavage (S3). Both S2 and
S3 are best developed within the alteration zone surrounding Specimen Reef. The S3 erenulation

cleavage parallels carbonate vein orientations.

• A zone of pervasive disseminated white mica and carbonate alteration (-50 metres) surrounds the
Specimen Reef. Carbonate veins are abundant in this alteration and both S2 and S3 have their

strongest development through the wall rock in this alteration zone.

• The metamorphic mineral assemblage of quartz, feldspar. chlorite, white mica, carbonate and minor
rutile, ilmenite and epidote 1s consistent with a greenschist metamorphic facies.

• Alteration haloes are frequently developed around carbona(e veins. These alteration halos consist of
carbonate and white mica and were developed during carbonate vein formation from fluids

emanating in to the wall rock via cleavage planes.
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Introduction

Goldstream recently drilled the Specimen Creek Au prospect situated in the Arthur Mobile Belt 01"
western Tasmania. Two holes (SC I and SC2) were drill~d to test a mineralisation corridor proposed hy

Newnham (1996). This Au mineralisation corridor was drdined by the intersection or a regional

penetrative cleavage with a northeast trending structure known as (he Specimen Reef. Previous drilling in

the vicinity of this corridor (drill hole SP I) intersected high Au grades (the highest of 0.2m at 9 I(J ppm).

However the recenl drill hole SC I returned Au vajues of 2 metres at 0.5 rpm between 189 and 190

metres. This grade coincides with a alLcration zone (between 180 and 200 metres surrounding the site of

Specimen Reef.

The results and interpretations presented in this report are the culmination of detailed logging of drill hole

SCI, the petrological study of 18 selected drill core samples (SCI) and a Au-rich sample (SPl) provided

by Mr Nic Turner. This investigation addresses the types and distribution of the alteration in the vicinity

of Specimen Reef as well as controls, timing and association of alteration to Au mineralisation.

Drill core samples described in this report are:

Each petrographic description is presented in the following format:

sample number
hand sample description
assay data (where provided)
ground mass
sCruc1Ure
vems
alteration
mineralisation
mineralogy and modal abund;lncc
phoromicrographs
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No.

I
2
3
4
5
6
7
8
9
10
I I
12
13
14
15
16
17
18
19

Hole Depth

SCI 224.8
SC1 217.2
SCI 208.5
SCI 200.9
SCI 196.9
SCI 186.3
SCI 179.0
SCI 175.2
SCI 155.6
SCI 143.9
SCI 141.5
SCl 138.9
SCI 121.1
SCI 101.5
SCI 99.9
SCI 95.2
SCI 83.7
SCI 62.8
SP I 160

comments

least altered wall rock
unusual quartz-hematite vein
banded alteration and quartz-magnetite vein
alteration halos around veins
grey-siliceous alteration and quartz-fuchsi(e vein
buff intense white mica-carbonate alteration
carbonate veining and alteration halos
buff carbonate-white mica alteration and carbonate veins
pervasive strong chlorite-quartz-feldspar alteration
huff alteration banding and carbonate veins
white mica alteration and carbonate veins
carbonate veins and alteration halos
pyrite-quartz-feldspar vein and quartz-feldspar alteration
quartz-feldspar veins
infense chlorite alteration
massl vc homogeneous wall rock
massive wall rock with minor veining
carbonate-quartz vein and alteration halo
buff white mica alteration and clectrurn in carbonate vein
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I Sample: DDH SCI 224.8m
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Hand sample: Light green-grey rock with pervasive strong siliceous-feldspar-chlorite alterntion. The

sample has a homogeneous texture and moderate foliation and represents the least-altered wall rock from

lhe base of the drill hole (Plate Ia).

Assay Data: not supplied

Groundmass: Intensely silicified rock consisting of interlocking equant quartz grains «200 11m) and K­

feldspar (Plale Ih). The quartz has undulose extinction and forms quartz-K-feldspar ribbon textures;

likely as a result of the penetrative cleavage. Larger quanz grains are uncommon and vary from tabular

to subrounded (-300 11m) and are disseminated in the tincr-grained equant quartz matrix. These grams

may represent relict detrital quartz. Local recrystallisation of quartz and K-feldspar occur at grain

margins. Minor albite grains «200 ~m) are uncommon and intcrgrown with K-feldspar.

Structure: A single closely spaced anastomosing cleavage is defined by the alignment of coarse-grained

«600 ~m) fibrous chlorites (Plate Ib). The birefringence of chlorite is olive-green indicating a Mg-rich

composition. Ribbon quartz veins are parallel and boudinaged by cleavage

Veins: Quartz veins (<1 mm) parallel tu cleavage are boudinaged and discontinuous (ribbon quartz

veins). The quartz veins contain of undulose deformed quartz that has been recrystallised to equant grains

«400 ~m).

Alteration: Trace proportions of a poorly formed, anhedral carbonate (grains <300~m) occur within

fibrous chlorite within zones of foliation. This carbonate may also occur in pressure shadows around

pyrite grains. Rare epidote grains are rounded, less than 40 ~m in size and occur as disseminations in the

quartzo-feldspathic matrix.

Mineralisation:

~: Trace proportions, euhedral recrystaJlised grains «l40 ~m). Some pyrites contain micron-sized

chalcopyrite inclusions.

ilmenite: Disseminated spongy aggregated grains «50 J..1m) forming up to I % modal in the quartz-rich

groundmass.

chalcopyrite: Trace in pyrite and as less than 20 J.l.rn blebs in chlorite nnd carbonate.

rutile: Subrounded grains «30 J..1m) form in chlorite adjacent to pyrite grains

I
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Mineralogy:

quartz
K-feldspar
albite
chlorite

55 %
35
1-2 %
8-10%

ilmenite
pyrite
chalcopyrite
rUlile

<1%
trace
trace
trace



Plate 1

(a) Grecn-grey massive humogeneous sandstone(?) with pervasive quartz~feldsparalteration.
Sample from hase of drill hole SC I at 224.R metres.

(h) Photomicrograph of (aJ above showing the interlocking feldspar-quartz ground mass.
Fibrous elongate chlorite grains are aligned through the ground mass, and define a penetrative,
anastomosing fabric (S2).

(c) Bleached buff wall rock with cross cutling carbonate·albite-pyrite-hematite veins. The
buff coloured wall roek results from disseminated carbonate through the equant quartz. K-feldspar
groundmass. Sample from SCI at 217.2 metres.

(d) PholOmicrograph of (c). Recrystallised and fractured pyrite within the carbonate-albite-
pyrite-hematite veins. These veins may also contain minor chalcopyrite (far left) and spongy
poorly formed hematite (centre) within interlocking coarse-grained carbonate and albite (grey).

(e) Banded sample with alternating chlorite-rich and quartz-albite-rich bands. Quartz-albite
bands host disseminated magnetite and carbonate. The bands vary from planar to discontinuous
and are parallellO the S2 cleavage. which is best developed in the chlorite-rich bands. Sample
from SCI at 208.5 metres.

(f) Photomicrograph of (e). Chlorite band (centre) consisting of fine-grained chlorite that
defined (wo cleavages (S2 and S3) and hosts minor disseminated carbonate. Quartz-albite bands
have gradational contacts against chlorite bands and consist of equigranular quartz and albite
grains.

(g) Grey·green wall rock hosting albite·quartz, quartz and carbonate veins that have well-
developed peripheral alteration haloes. These alteration halos impart a buff colour to the wall
rock, due to disseminated carbonate andlor white mica. The less altered wnll rock (right) is
massive :J.ml homogeneous. Sample from SC I al 200.9 metres.

(h) Photomicrograph of (g). The wall rock consists of rine-grained interlocking quartz-
feldspar that contalns irregular anhedral disseminated carbonale. This carbonate is responsible for
the huff ~lltcration halo enveloping these veins. The albite-quartz vein (right) has sharp margins
againsl [he wall rock and consists predominantly of albite. C~lfbonate veins cut across the albite·
LjU:lrtl v~ins.
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I Sample : DOH SC 1 217.2 m
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Hand sampl~: Bleached lighl yellow-cream rock wilh cross cUrling reu yuartz~clrbon(]te-hcm;jli(e veins
(Plate Ie).

Assay Data: not supplied

Groundrnass: Equant interlocking gunrtz, K-feldspar matnx (grains < ISO ~m) with unJulosc ex.tinction

and some grain elongation parallel to cleavage.

Structure: The elongation of quartz and fibrous whirc mica delinccucs a spaced cleavage. Mottled

poorly formed carbonale occurs within these white mica lones. Intensely quartz nltercd protolith with an

cJrly carbonate·alhite-pyrite·hematltc vein, all of which host a spnced penetrative"c1eavage defined by

whne mica.

Veins: Two mineralogically different vein types are iJentified anti are 1) carbon(lte and 2) carbonate­

al hi te -pyri te -hcmatite.

Carbonate: Carbonate veins are parallel to and inclined (65°) to cleavage. Two types of carhonate

veins are identified:

1) Interlocking carbonate veins less than 1 mm wide with carbonate grains <500 ~m in

size. These veins do not host the spaced cleavage that is present in ground mass and are inclined

at 65° to cleavage.

2) Diseominuous carbonate ribbon veins paralic I to cleavage and less than 200 ~m in

thickness. These veins consist of interlocking, moderately formed carbonate and occur within white mica

zones through the quartz groundmass.

The tinting of I) and 2) is likely synchronous and these veins post-dated cleavage, forming a finely

developed carbonate vejn stockwork through the quarlz-rich host, which lS associated with the

disseminated carbonate through the quartzo-feldspathlc ground mass.

Carbonate-Albite-Pyrite-Hematite Vein: This single vein is cross cut by the carbonate veins described

above and is strongly dissected by the penetrative cleavage. The vein is 4 mm wide and hosts fractures

rhea :.m: healed by carbonate. Albire grains within the vein are rractured and form grains up [Q 30n ~m in

size near the margins of the vein. Pyrite within thIS vein is sieved by carbonate inclusions. Likely
remobilisation of pyrite outward and away from the vein is indicated by the disseminated occurrence of

cuhedral pyrite in the quartz groundmass adjacent to the vein. Finely disseminatcd (micron-sized

hematite and Fe-oxide grains) occur through the carbonate within this vein. This imparts a red

colouration to the vein. Minor ilmenIte is also disseminated [hrough the vejn.

Alteration: Pervasive disseminated anhedral and poorly formed carbonate occurs as disseminations

through the quartz groundmass. Quartz also forms white halos around thc carbonate-albire-pyrite­

hematite vein IS of quartz. Dissemmated carbonate form a diffuse alteration parallel to zones of

phyllosilicate alteration and cleavage.

'lineralisation:

pvrit~: Euhedral pyrire «400 ~11l) is disseminated within quart7.-\vhite mica. Pyrite grams Me sieved by

inl.:!u.'dons of carnonme rind where fractun::d, fractures are healed hy ,-""rbonate (Plate Id).

.... hakI1pyrite: Skeletal chalcopynte lKcurs as elongate grains puralkl to i.."leavagc and ill the grain

houndaries of quartz anu pyrite (PI:Hl' Id). This inJil·.:lIeS rem{)bilisi.lfwn of c'wkopyrire.

I
I
I

~[ineralogy :

K-Iddspar
quartz
albile
carhonate

40 '!'i.
15 %
5%
309(1

whi[l' miL';l
pyri[~

"Ibile
c!l<llcnpyritc

5-R%
l%
1%
[race



Hand sample: Banlh:u wall rock alteration with alternating green chlorite and cream quartz-alblle hands

less 'han 2-5 mill wide (Plate Ic). Finely disseminated magnetite occurs within the quartz-albite hands.

I
I
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Sample : DIlH SC I 20XoS metres
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Assay Data: 110t supplied

Groundmass chlorite bands: Consist of fine-grained chlorite (<:20 ~m), with a light-Olive birefringence
(Mg-rich). Interlocking chlorite bands detine a closely spaced penetrative cleavage and a crenulation
cleavage (Plale If). Chlorite bands are up to 5 mm wide and have gradational conlacts agaiost lhe light

coloured quartz-albite bands. Poorly formed carbonate is common along cleavage planes and also as

disseminated well-formed rhombs «250 1.1111). These carbonate rhombs have haloes of poorly formed

mottled carhonate. Fine grained white mica «20 J.lrn) is abundant in some of the chlorite bands and
aligned parallel to the penetrative cleavage.

Groundmass quartz-albite bands: Interlocking quartz and albite «300 ~m in size) occur in association

with minor disseminated carbonate rhombs «500 ~m). [n these quartz-albite bands, carbonate can also
occur interstitial and along grain boundaries. Minor chlorite is observed and albite grains are most
common near the margins to the chlorite-rich bands (Plate 1f).

Structure: Two cleavages are identifies and are best developed within the chlorite bands because of
more ductile deformation in these phyllosilicate rich domains. The penetrative cleavage (8 I) is a closely
spaced cleavage that parallels the orientation of the banding through the wall rock (Plale If). The second

crenuJation cleavage (52) is inclined at 35° lO the banding and to the pene.rrative cleavage.

Veins: Carbonate veins «200 flm wide) form an anastomosing series of veins that are discontinuous,

stepped and wispy. Veins are incllned at approximately 60° to the penetrative cleavage. These carbonate
veins consist entirely of interlocking carbonate grains and cross cut the quartz-albite bands in the wall

rock. However, although carbonate veins within the chlorite bands cut across rhe earlier penetrar;ve
fabric, they are themselves crenulatcd by the second cleavage. This indicates that carbonate veins are
pre- or .llyn formation with respect to the crenulation cleavage.

Alteration: Minor disseminated carbonate occurs in the quartz-albite bands, with carbonate interstitial to
quartzo-fcldspathic grains.

Mineralisation:

~; Trace proportions or subrounded grains less thnn 50 ~m in size. Fractured pyrite grains may be
hosted within c[lrbonate veins.

magnetite: Less than I% (trace). Well-formed, less than lOO ~m, varying from granular to skeletal
grains. Skeletal grains are the result of magnetite replacing carbonate with abundant inclusions of
carbonJte in magnetite reflecting incomplete replacement. Magnetite grains inherit skclclal rhombic
forms after carbonate.

ilmenitclrutile: Disseminated grains through the quanz-albitc ground mass form spongy irregular grains

less Ihan 50 lJ-m in size.

Comments: The origin of the banding is UncerlillO. One pl)ssibility coulL! be that quartz veming wirh
albite margins, as identified elsewhere, was sub-parallel to il pre-existing cleavag:1: as this cleavag:1: is not
well developed within them. However, there is no evidcn\,:c to support thallhis banding W,lS a precursor

hedding.

I
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Mineralogy:

quarlz
K-feldspar
chlorite
alhite
carbonate

<5 (7u
40 %

25
15
II)

white mil':\
magnf.:lite

5
<I
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Sample : DDH SCI 200.9 melres
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Hand sample: Grey-cream siliceous halo pcriphl.:rallo while quartz vein and a light cream-yellow (white

mica?) halu peripheral 10 a I centimetre while quartz vein (Plate 19).

Assay Dala: not supplied

Groundmass: Variably sized «300 ~m) interpenetrating quartz matrix with quartz having mggeJ

margins and irregular anhedral shapes.

Structure: The lack of cleavage within this sample reflects the general absence of phyllosilicalc

alteration. White mica has a minor occurrence and forms fibrous disseminated grains generally at quartz

margins.

Veins:

Albite-quartz vein: These veins (2·3mm wide) have sharp margins against the quartz wall rock ant..!

consist of well-formed albite «500 ~m) and quartz (anhedral) (Plate Ih). The albite-quartz vein is in turn

veined and offset by carbonate (±white mica) veins. Quartz in the vein has undulose extinction patterns

with minor disseminated and fractured euhedral pyrite. White mica also occurS as a minor vein

constituent and is commonly present along grain boundaries.

White quartz vein: Large quartz vein filled by anhedral quartz up to 1 nun in size. Undulosc extInction

and subgrains are common. Subgrains developed at grain boundaries suggest local recrystallisation of

quartz. This vein is in turn offset and crosscut by sets of carbonate veins that are less than I mm wide.

Within the quartz vein, tabular up to I mm skeletal rutile gralns occur and are hosted by quarlz.

Carbonate veins: Discontinuous veins less than 200 J..lm wide, variably oriented through the sample.

These veins consist entirely of fine grained carbonate and cut across the albite-quartz and quartz veins

indicating their late stage development (Plate lh).

Alteration: The dlfference in colour between the haloes around the two veins rellect the abundance of

carbonate or white mica. Grey-cream alteration reflects disseminated carbonate, whilst the cream-yellow

reflects disseminated white mica. Carbonate alteration occurs as disseminated well formed euhedra

«400 Mm) that often contain abundant inclusions of quartz. These inclusions indicate their later

formarion in a quartz matrix resulting in the entrapment of quartz subgrains. Carbonate alteration is
strongest peripheral to carbonate veins, particularly in [he quartz-albite veins where carbonate repi<lces

ourward from the carbonate veins into the quartz·albite vein. Carbonate also forms irregular anhedral

pa[ches inrermixed with variably oriented fibrous whice mica. Rare disseminated epidote «120 j1m) <lisa

occurS in carbonate-quartz.

Mineralisation:

rmile: Tabular spongy grains hosted in the white quartz veins, cut by late stage carbonate veining.

chalcopvrite: Trat:e amounts as in fill of fractures in the white quartz veins indicating a remobilised

occurrence.

ilmenite/rutile: Spongy irregular grains and aggregates disseminated in quartz.

pvrite: Trace amounts of disseminated euhedral pyrire. less than 50 Mill in size.

I
I
I
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\lineralogy :

K-fcldspar
carbonate
4uartz
albile

40 %
20 %
30%
4%

white mica
rutik

3%
1%
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I Sample: DDH SCI 196.9 melres
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Hand sample: Cream bleached wall hosting narrow « J mm) carbonatl,,; veins and a single coarsc-

grained, whIte quarlL vein (Plate 2<1). A light green mineral occurs in the white quartz vein (fuchsi\c?).

Disseminated pyrite occurs through lhe wall rock and veins.

Assay Data' <lUll ppm Au. 15 ppm Cu. <3 ppm Pb. 19 ppm Zn. <I ppm Ag. <I ppm As

Groundmass: Massive quartz mosaic of fine-grained «200 ~m), anhedral interlocking quartL with minor

small feldspar (albite) interstitial to 4uarlz grains (Plate 2b).

Structure: No cleavage present

Veins"

carbonate: Carbonate veins are < l .2mm wide and consist of well-formeu interlocking subhedral

carbonate as well as finer-grained mottled anhedral carbonate meshworks (Plate 2h). These veins (Ire late
and cross cut the wider white quartz vein.

small quartz veins: These veins are less than 100 ~rn width and not visible in hand specimen. The small

quartz veins are filled with undulose, interlocking elongate quartz grains that lie across the orientation of

these veins, indicating syntaxial vein formation. These veins are in turn cross cut and offset (300 Ilm) by

carbonate veins.

large white quartz vein: Quartz, carbonate, albite and pyrite vein with albite developed at the vein

margins. Albite grains are less that 400 Ilm and corroded and fractured by carbonate. The inner parts of

the vein consist of interlocking quartz that is strongly undulose and with grains of up to 3 nun in size and

anhedral. Carbonate has replaced quartz along grain boundaries. A phyllosilicate mineral, possibly

fuchsile, forms interstitial fibrous radiating decussate patches in quartz carbonate within the vein.

Alteration: Disseminated carbonate with well formed subhedral to euhedral grains that vary from

micron-sized to 1.5 mm. Carbonate grains often contain rounded inclusion or subgrains of quartz and

minor epidote «30 I-lm). Dlsseminated white mica, less than 300 11m with fibrous radiating habit, occurs

interstitial to quartz in the ground mass.

Mineralisation:

I2lli!.f.: forms disseminated cuhedral, well· formed grains that may contain rounded inclusions of

pyrrhotite « I0 llm) and chalcopyrite. Pyrites are less than 400 llm. fractured and contain minor quartz

inclusions. The forms of these quartz grains is consistent with pyrite recrystal\isalion

rutile/ilmenite: spongy to well formed grains less {han 80 11m. These grains are most abundant within the

disseminated carbonate through the quartz grounJmass.

Mineralogy:

quartz 50 % pyrire 1%
K-feldspar 3590 chalcopyrite trace
albile 8% rutile I '7,
carbonate 59, white mica 1%



Plate 2

fa) Cream wnJl Tm..:k hosting narrow carhonatc veins and a white quartz-fuchsitc vein.
Sompk from SC I ot 196.9 metres.

(h) Photomicrograph of (a). The groundrnass is a fine-grained interlocking mosaic of quartz
and lesser albite. Disseminated anhedral carbonate and euhedral pyrite (opaque) occur in the
grnundmass. A planar carbonate vein consisting of large well· formed carbonate grains cuts the
ground mass. One margin of this vein has smaller. anhedral carbonate along it.

(c) Strongly folioted, fine-grained buff coloured woll rock hosting a pervasive white mica
oltemtion. Sample is from SC I at 186.3 metres.

(d) Photomicrogmph of (c). The groundmass is a mosaic of quartz that hosts an intense
closely spaced cleaYage (52) delineated by while mica alteration. A weak crenulation cleavage
(53) is evident. Fine-grained pyrite (opaque) is disseminated through the quartz-sericite wall rock.

(e) Cream coloured wall rock with pervasive intense quartz alteration. A series of planar
carbonate veins occur and host pyrite and magnetite. These veins cross cut and are parallel to the
cleavage (S2). Sample is from 5C I at 186.3 melres.

(f) Photomicrograph of a carbonate vein margin in(e). The carbonate vein has an inner
massive carbonate zone and an outer finer-grained carbonate zone. Between these two carbonate
zones euhedral albite grains occur. The margin of the carbonate vein against the quartz-feldspar
groundmass is sharp and planar.

(g) Buff coloured. pervasive intense whi[C mica aJleration of the wall rock. Wispy narrow
carbonate veins cross cut cleavage. Sample is from SCI at 175.2 metres.

(h) Photomicrograph of (g). The matrix is a fine-grained array of quurtz and albite. which
hosts a closely spaced intense cleavage (52). This cleavage is defined by ,he alignment of fine­
grained white mica. A planar carbonate vein cuts the groundmass and cleavage and consists of
fine-grained, poorly formed carbonate. Disseminated carbonate occurs throughout the
ground mass as poorly formed anhedral grains.
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I Sample; DOH SCI 186.3 metres
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Hand sample: Yellow-cream strongly foliated, fine-graincu rock with pervasive while mica alteratIOn
(Plote 2c).

Assay data: <O.f)[ ppm Au, 27 ppm Cu, <3 ppm Pb, 78 ppm Zn. <I ppm Ag. 42 ppm As

Groundmass: Consist.'\ of quartz with abundant white mica-carbonate (Plate 2J). Quartz is variably

sized from a micron-size to larger grains of up to I mm. [nequant quartz grain sizes are sugg~slivc of less

severe rccrystallisation effects in this zone. Some of the larger quartz grains are subangular to

suhroundcd in shape, possibly detrital in origin. and are hosted within a white mica delineated cleavage.

These quartz grains have undulose extinction with subgrains developed along the margins of larger

grains, indicating local recrystallisalion. Minor albite is developed interstitial to quartz.

Structure: A closely spaced undulatory fabric occurs throughout the sample and is defined by the

alignment of white mica groins «50 ~m) (Plate 2d). Larger quartz grains (-I mm) have cleavage

wropping by the white mica. Altbough this cleavage is ubiquitous tbrougb the sample, parallel zones of
intense cleavage development are common where white mica is more abundant. These zones of while

mica give a banded appearance to the sample and alternate with quartz-rich bands that have a lex.ture

similar to banding described in sample SC 1 at 208.5 metres, except bands in this sample are white mica­

rich. These white mica bands arc less than 2 mm wide with gradational margins towards quartz-white

mica bands. A second. weak crenulation cleavage is deveJoped at 25° to the penetrative cleavage, withjn

the white mica-rieb bands (plate 2d). Dissection of the quonz±albite groundmass by tbis penetrative

cleavage results in elongate bands of quartz.

Veins: Absent from this sample.

Alteration: White mica associated with cleavage is ubiquitous. Disseminated poorly formed carbonate

occurs through the quartz groundmass as irregular grains, less than 100 11m in size, but morc commonly

occurs within the white mica-rich bands (Plate 2d).

J\[ineralisation:

pvrite: Disseminated grains less than 100 J.1-rn. Grains are well-formed and subhcdral and mainly occur in

the white mic.;a bands.

rUltlelilmenite: Spongy to poorly formed grains « 40 ~m) generally within the white mica bonds

chalcopyrite: Trace proportions. Grains are less than 10 Jlm in size and hosted within carbonate in [he

\vhi[e mica bands

Comments: Possible replacement of while mica by carbonate in sericitic zones parallel to the cleavage

rind banding.

I
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Mineralogy:

quartz
K.feldspor
white mica
albite
carbonate

45 %
25%
-20 %
2%
5%

pyrite
eholcopyrite
rutile

trac.;e
trace
trace
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I Sample : DDH SC I 179.0 metres
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Hand sample: Light cream-green wall rock with pervasive intense siliceous alteration. Planar, less than
I em wide veins of carbonate cut across the wall rock and host disseminated pyrite and magnetite (Plate
2c). While alteration haloes enclose some of {he carbonate veins.

Assay data: «Ull ppm Au. 17 ppm Cu, <3 ppm Pb, 56 ppm Zn, <I ppm Ag, <I ppm As

Groundmass: The groundmass consists of interlocking quartz grains of variable sizes «400 ~m) and

inler~·;litial albite. Undulose extinction and alignment or elongation of the quartz-rich matrix is common

and occurs parallel to cleavage. Recrystallisation of quartz to smaller subgrains is also common along

quartz grain margins.

Structure: Disseminated white mica «100 )lm) IS alIgned parallel to and delineates a spaced cleavage

through the qun.rtz±albite ground mass.

Veins:

Carbonate: Carbonate veins have Lwo types:

Type (I) veins that consist of well-formed, interlocking, large carbonate grains «3 mm) which, host

disseminated albite «500 ~m) at the vein margins (Plate 2/);

Type (2) veins that consist of poorly-formed, anhedral, mottled, inclusion-rich carbonate that forms a
fine-grained (<300 ~m) meshwork (Plate 2/),

Vein type (2) occurs along the margin of vein type (1) and is thus asymmetric, with sharp margins which

likely Indicate a repeated opening of the vein during carbonate deposition (Plate 2t). Elsewhere carbonate

veins may contain bladed to acicular, variably oriented hematite (grains <: 2mm). Hematite in these veins

is within large interlocking carbonate grains. Carbonate veins cross cut cleavage and thus post-date

cleavage formation. Carbonate veins can also lie parallel to cleavage with locally irregular margins

suggestive that quanz recrystallisation post-dated carbonate veining.

Alteration: Alteration of the ground mass consists of disseminated subhedral to anhedral, well-formed

carbonare grains « 200 ~m) in a quartz matrix. These carbonate grains commonly contain rounded

inclusions of quartz. However, carbonate grains have irregular morphologies where they lie along grain

junctions and boundaries.

Mineralisation:

~: Occurs as disseminated subrounded to cuhedral, well formed grains « 300 ~m) in the quartz-rich

ground mass nnd as disseminations in the carbonate veins. Local embayment of pyrite grain margins by

ground mass quartz is observed.

rutilelilmenir~: Forms micron-sized disseminations through the groundmass with spongy to granular

grain forms.

Mineralogy:

I
I
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quartz
K-feldspar
albite
carbonate
white ,mea

50%
35 %
2-5 %
5-8 o/c
1%
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I Sample : DDH SCI 175.2 mdres
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Hand sample: Yellow-cream pervasive intensely white mica altered rock thar hosts wispy carbonate

veins « I mm) (Plate 2g). Darker bands (phyl1osllicate-rich) define cleavage. In general, this sample is

very similar to the sample from SCI at 186.3m.

Assay Data: <0.0 I ppm Au, 64 ppm Cu, <3 ppm Ph, 57 ppm Zn. < I ppm Ag, IYppm As

Groundmass: Variably sized meshwork «400 11m) of quartz and albite.

Structure: Finc 4 grained white mica «50 J-lm) defines an anastomosing cleavage, that forms bands of

strongly cleaved rock with relict quartz-feldspar (Plate 2h). Cleavage also wrap some quartz grains.

Veins: Carbonate veins (20 0 to cleavage), are less than I mm wide and consists of well-formed

interlocking carbonate grains to poorly formed anhedral carbonate (Plale 2h).

Alteration: Consists of minor disseminated mottled, poorly formed carbonate (Plate 2h).

Mineralisation:

12Yd.k: Disseminated pyrite euhedra of less than 50 11m grain size.

rutile: Granular to poorly formed spongy grains disseminated through the groundmass, but partkularly
abundant in the white mica-rich foliated zones.

chalcopyrite: Minor less than 10 11m-sized rounded chalcopyrite grains hosted with carbonate veins.

Mineralogy:

I
I
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quartz
K·feldspar
carbonate
white mica
chalcopyrite
rutile

40%
35-40 %
2-3 %
20%
trace
trace
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I Sample: OOH SCI 155.6 melres
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Hand sample: Grcy-grct:n ~inc grained wall rock with pervasive quartz-feldspar-chlorite altermion thill

hosts a 5 mm white quartz-feldspar vein (Plate 3a). Wispy mm-scale carbonate veins cut across this

quarlL vein. Both qu:utz and carbonate veins enveloping have light cream-yellow alteration haloes.

Assay Dala: «WI ppm Au, 21 ppm Cu, <3 ppm Pb, 83 ppm Zn, <I ppm Ag, 45 ppm As

Groundmass: Fine-grained schist with a homogeneous texture. The schist consists of a less than I00 ~rn

meshwork of quartz, K-feldspnr and lesser albite (Plate 3b). Pervasive chlorite·white mica alteration is

interstitial to these grains.

Structure: Closely spaced, weakly anastomosing penetrative fabriC defined by the alignment of white

mica and chlorire. White mica is less than 50 ~m with acicular forms, whilst chlorite is more decussate

lath-shaped and less (han 80 Ilm, The cleavage is strong and pervasive,

Veins:

Albite·K·feldspar-guartz-carbonate: Less than 5 mm veins consisting of and outer K·feldspar-albite­

quartz zone and a massive inner carbonate zone (Plate 3b). The quartzo-feldspathic wall of the vein

consist of grains that are perpendicular to the veins walls and fibrous indicating the vein original formed

as a syntax.ial quartz-feldspar vein. The inner carbonate zone has large (up to 2mm) carbonate grains that

are anhedral to rhomb shapel.! and can also host subhedral albite grains «400 ~m). The mineral zonation

in these vein is interpreted to represent a quartz-feldspar syntaxiai vein that re-opened in il"'i central area

during the carbonate vein deposition. Consistent with this observation are smaller carbonate veins «1·2

mm) that cut across the fibrous quartz outer vein but do nol cross cut the inner carbonate core lone

indicating similar timing of these carbonate veins.

Alteration: Alteration haloes are characterised by a lesser proportions of white mica and chlorite

compared to the surrounding wall rock, bur have abundant disseminated mottle, poorly formed carbonate

alteration. These halos are most likely associated with diffuse alteration of the wall rock during carbonate

vein formation.

Mineralisation:

~: Disseminated subrounded lo cuheJral grains «150 ~m) in trace proportions, within the carbonate

alteration zones of carbonate veins.

rutilelilmenite: Granular to spongy grains «20 ~m) disseminated in the quartzo-feldspathic matrix.

Mineralogy:

K-feldspar 30 % alhite 5%
qUlli"tz 35 % chlorite 2-5 %
while mica 15% rutile/ilmenite trace
carbonate 8% pyrite trace



Plate 3

(a) Grey-green line-grained wall rol:k with pervasive quartz-feldspnr-chlorite alteration.
Alhilc-quartz veins cross cut the wall rock, some of which have Irregular alterntlon halos. Sample
IS from SC I at 155.6 metres.

(b) Photomicrograph of (a). Planar carbonate-albite-quartz vein cross cutting a massive
quartz, K-feldspar ground mass. The carbonate-albite-quartz vein is symmetric anti has euhcdral
albite at the margins with an inner massive carbonate lone.

(c) Buff coloured, pervasive intense quartz-feldspar-whIle mica altered wall rock.
Translucent quartz veins «1 mm) are parallel to a spaced penetrative cleavage and are cross cut by
carbonate-albite veins. Sample is from SCI at 143.9 metres.

(d) Photomicrograph of (c). Carbonate albite veins have an outer margin of coarse-grained
euhedral albite and an inner zone of massive carbonate. These veins have sharp margins to the
groundmass. which consists of interlocking fine-grained quartz-K-feldspar.

(e) Dark green schist with pervasive intense chlorite-quaTtz~feldsparalteration. An intense
foliation occurs in the wall rock that is parallel to the translucent quartz veins. Narrow undulatory
carbonate veins cross cut this foliation and have buff coloured alteration halos. Sample is from
SC I at 141.5 metres.

(I) Photomicrograph of (e). Intensely developed cleavage associated with white mica and
fine-grained anhedral carbonate. Wrapping of the foliation orientation is common. A narrow
carbonate vein cuts across the cleavage. Large K-feldspar grains exist within lhe white mica­
carhonatc alteration.

(g) Massive grey-green wall rock hosting planar carbonate-albite veins. some of which have
buff coloured alteration halos. Sample is from Sci at 138.9 metres.

(h) Photomicrograph of carbonate vein in (g). Thc carbonate vein consists of euhedral
interlocking carbonate grains and has a sharp margin against the wall rock. The wall rock
ground mass consists of fine-grained inlerlocking quartz-feldspar mosaic, and hosts a spaced
cleavage that is delineated by white mica. Minor disseminated pyrite occurs in the ground mass
(opaque).
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I Sample : OOH SC I 143.9 metres

1950GO
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Hand sample: Light cream-yellow pervasive. intense quartz-fcldspathic-white mica alteration. Clear
mm-scale 4uartL veins arc parallcllO a penetrative foliation (Plate 3c). Two c<lrbonate veins « 3 mm) an:

locally undulatory to planar cul across the penetrative fabric in this sample.

Assay data: <0.0 I ppm Au. 132 ppm Cu. <3 ppm Pb. 117 ppm Zn. < I ppm Ag, 39 ppm As

Groundmass: Fine-grained meshwork of K-feldspar and quartz, with Jesser albite. This musaic contaIns

grains less than lOO Jlrn in size with white mica occurring intcrstilial to quartz and feldspar grains,
generally along grain boundaries. Quartz and feldspar have strongly undulosc extinction patters, but the
ground mass has a relatively homogeneous texture.

Structure: Disseminated white mica grains «80 Jlm) occur interstitial to the quarlzo-feldspathic matrix.
The alignment of white mica grains define a spaced, moderate intensity cleavage.

Veins: Two vein types are present in this sample and are:

(1) quartz veins: Quartz veins parallel the foliation throughout the sample and consist of interlocking

anhedral quartz. less than 400 Ilm in size. These veins are less than I mm wide and have irregular
margins against the quartzo-feldspalbic matrix, most likely due to reeryslallisation effects. Quartz in
these veins is strongly undulose and the veins are weakly boudinaged with cleavage wrapping.

(2) carbonate veins: These veins consist of either carbonate or carbonate-albite minerals and cut across

cleavage and the quartz veins. Carbonate±albite veins range in width from less than 200 Jlm up to 6
mm. Veins <.;onsisting entirely of carbonate comain well-formed, coarse-grained carbonate, whilst

the carbonate-albite veins have an outer zone of euhedral albite «400 Jlm grains) and an inner zone
of massive anhedraJ interlocking carbonate up to 1 mm in size (Plate 3d). The albite rich margins
have grains that radiate from the vein wall inward, and both the carbonate and <.;arbonate-albite veins
Jre interpreted to be contemporaneous due to their anastomosing relations.

Alteration: Finely disseminated, poorly formed anhedral carbonate « I00 Jlm) occurs as disseminations
through the ground mass. Disseminated whae mica also occurs.

l\'lineralisation:

pvrirc: Disseminated subrounded to euhedral grains up to 200.urn in size occur within the quartzo­

feldspaLhic ground mass and along carbonate±albite vein margins. Some pyrite grains contain

chalcopyrite inclusions (<10 ~m).

rUllle/ilrnenite: Spongy poorly formed grains less than 50 Ilrn in size arc disseminated through the

groundmass.

Mineralogy:

K-feldspar 45 'k carbonate 5-8 %
quartz 20 % rutjle/ilmenirc 1%
albile 15 'Ii pyrile lrace
white mica 8% chalcopyrite trace
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I Sample: DOH SCI 141.5 melres
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Hand sample: Dark green schist with pervasive, intense chlorllc-quurtz-feldspar altcrallon of the wall

rock. This nltcrallon hosts a strong foliation that is paralkl to clear quartz veins (Plate 3c). Narrow,

undulatory carbnnat~ veins have buff coloured white mica alteration haloes that envelop the carhonate
veins. These allcralion haloes can be up to 10 mm WIJC.

Assay data: <0.0 I ppm Au, 103 ppm Cu, <3 ppm Ph, 135 ppm Zn, < I ppm Ag, 9 ppm As

Groundmass: A quartz- K-feldspar ground mass is strongly dissected hy both the cleavage and

phyllosilic3tc alteration. Quartz and feldspar form interlocking massive to irregular anhedral masses
against disseminated grains within a white mica matrix. Minor albite occurs interstitial to quartz Jnd K­
feldspar.

Structure: The mam deavage in this sample is an intensely developed crenularion cleavage, which cross

curs an early penetrative fabric. The crcnulation cleavage is defined by arrays of white mica and chlOrite
alteration that form a banded texture through the quartzo-feldspathic ground mass. This banded texture

results from alternating parallel bands of phyllosilicme (Plate 3f) and quartz-feldspar, with the later
representing less altered bands within the groundmass. Crenulation cleavage offsets carbonate veins

having well developed S-C fabrics in phyllosilicare-rich bands. The angle between the two cleavages is

approximately 25° With the crenulation cleavage antlclockwise to the penetrative fabric (52).

Veins: Two types of veins occur in Ihis sample and are quanz veins and carbonate veins.

quartz veins: These veins are up to 8 nun wide and parallel to cleavage. Veins are boudinaged and have
cleavage wrapping. Interlocking anhedral quartz in these veins has undulose cxtim:tion. Minor

dissemjnated decussate white mica occurs at and around quartz grain boundarjes «100 j...tm in size and
acicular). These quartz veins can host subhedral pyrite up to ] mm in size, which contain chalcopyrite as

inclusions (20 j.lm) or as fracture in fill within pyrite.

carbonate veins: These veins are continuous but undulatory and consist of well-formed euhedTall0

subhedral carbonate (Plate 3f), which cross cut quartz veins. These carbonate veins are up to 500 Ilm

wide and are offset by up to 200 J.lm on slip planes parallel to cleavage. A dextral sense of displacement
along the slip planes is indicated,

Alteration: Banding is differentiated by alternating phyllosilicale and quartz-feldspar bands and reflects
an earlier alteration. which is deformed by the penelrative fabric. Disseminated carbonate in the
alteration halo around carbonate veins imparts a buff colouration to these halos. The margins of these
alteration haloes are gradational to alteration in the wall rocklgroundmass. Fine-grained disseminalcd
poorly formed mottle carbonate grains also occur as dissemination through the white mica bands.

!\-li neralisation:

pyrite: These grains occur within the quartz veins ~lncl also as dissemination within the quartz-feldspar

groumlmass. Pyrite grains are euhedral and less than I00 ~m in size.

chalcoovrue Oct:urs in trat:e proportions within pyrite as inclusions and fwt.:lure in till. Chalcopyrite
also occurs as irregular polycrystalline aggregates within quartz veins

rutile/ilmenite: These grains are less than 50 J...t-ffi in size and have granular to anhcJfiJl spongy forms.

Rutile and ilmenite occur as dissemin::Hions throug.h Ihe groundmass, but are particubrly ahundant in the
\\hitc 11li(';~H:hlorite ril.:h bands. Tn this case rutile and ilmenire arc aligncL! parallel (0 the foil<:H1on

1\lineralogy:

I
I
I

K-ICIdspar
quartz
whIte mica
chlorite
carbonate

15 %
.:!O%
30 %
20 %
10%

alb,te
pyrite
rutile/i Imen ite
chakopyrire

4%
trace
lrace
trace
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I Sample: DDH SCI 138.9 metres
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Hand sample: The wall rock in this sample is fine-grained and grey-green with pervasive quartl­
feldspar-chlorite Jltcration that results in a massive homogeneous texture (Plate 3g). Carhonate veins

cross cut the wall rock umJ arc up to 5 mOl wide, planar nnd have with a buff white mica-carhonate
alteration halo enclosing the veins.

Assay data: <0.01 ppm Au. 14 ppm Cu. <3 ppm Ph, 162 ppm Zn. <I ppm Ag. <I ppm As

Groundmass: Fine-grained meshwork of quartz and feldspar grains «300 Jlm) wilh irregular margins

against phyllosilieates (white mica and chlorite) (Plate 3h),

Structure: Fine-grained «50 Jlrn) white mica and chlorite are aligned to and form a spaced undulatory

cleavage through the sample.

Veins: Three types of vems are identified in this sample:

Alteration: The groundmass alteration in this sample is silong and consists of a disseminated array of

white mica and chlorite. which is aligned to the penetrative cleavage. Notably. carbonate alteration in the

wall rock away from the vein is minor. The alteration halo surrounding carbonate veins results form the

absence of chlorite in this area peripheral to the vein, but is texturally indistinct from the adjacent wall
rock.

I
I
I
I
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(I)

(2)

(3)

carbonate: Carbonate veins are 5 nun wide and consist of large well-formed anhedral grains

(Plate 3h) that are up to 2 mm in size and cross cut earlier syntaxial quartz(±carbonate) veins as

well as foliation. Acicular lath-shaped carbonate occurs in one vein at the margin against the

larger massive carbonate grains, which occupy the central portions of the vein. No

mineralisation is observed in these veins.

quartz-carbonate: Veins are less than 1 mm wide, planar and are filled with fibrous quartz

oriented perpendicular to the vein wall (syntaxial development). Carbonate grains are well

formed. less than I nun in size and occur as euhedral grains along the vein margin. possibly as a

result of later replacement along this vein structure. The weak crenulation cleavage evident in

the hand specimen consist of these crack-seal syntaxial quartz-carbonate veins.

quartz-albite: Consists of interlocking quartz and albite «300 ~m in size) with the vein having

ragged margins against the ground mass.

I
I
I

Mineralisation:

~; Pyrite grains «100 ~m) have subrounded grain forms and occur as disseminations in the quartz­

feldspar-while mica groundmass. Pyrite also occurs in the alteration haloes surrounding carbonate veins

as disseminations.

rutilelilmenite: Acicular to granular shaped grains are common in white mica altered zones parallel to

cleavage.

Mineralogy:

I
I
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K·feldspar
quarlz
albite
white mica
l:hlorile

21l %
25 %
5%
25 %
15 tJo

rutile/ilmenite
L'arbon:1le
pyrile

t%
5 c/r:

trace
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Sample: DDH SCI 121.1 metres
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Hand sample: Dark grecn-grey pervasive chlorite quartz-feldspar allcrcd wall rock sample with a

massive homogeneous texture. This snmple hosts sub-parallel undulatory pyrite-quanz-K-felLlspar­
carbonate veins (Plate 4a).

Assay data: <0.01 ppm Au, III ppm Cu, <3 ppm Pb. 87 ppm Zn, I ppm Ag. 14 ppm As

Groundmass: Fine-grained «400 Jlrn) mos<lic of anhedral quartz. K-feldspar and albite in an intensely

altered chlorite-white mica rich matrix. This is an unusual sample in the SC I sample suite in that it

contains abundant pervasive chlorite. Quartz and albite have chlorite white mica corroded margins and

contain chlorite and white mica needles «30 Jlm) disseminated within the feldspars.

Structure: Two strongly developed cleavages are evident. One is closely spaced and defined by aligned

chlorite and white mica (52), whilst the other consists of a strongly developed but spaced crcnulation

cleavage (S3) (Plate 3b).

Veins: A single vein occurs in this sample.

albite-K-feldspar·Quartz-pyrite-carbonate vein: Massive vein up to 8 mm wide consisting of interlocking

albite, quartz and pyrite grains and the vein has sharp margins to the groundmass (Plate 3c). Albite and

quartz arc less than 400 }lm and pyrite, which generally occurs in the cenlral parts of these veins, is up to

500 ~m. in size. These veins cross cut the S3 cleavage, but are parallel to S2 and do not contain chlorite

or white mica. The absence of 52 and 53 fabrics within these veins may result from the competency

contrasts to the phyllosilicate rich matrix. Pyrite however, has well developed fibrous quartz pressure

shadows indicating these veins have been deformed. Pyrite in these veins is subhedral and skeletal and
may contain feldspar and chalcopyrite inclusions (Plate 3d). Chalcopyrite also forms at graln boundaries

in these veins as does rutile and ilmenite.

Alteration: Strong chlorite alteration occurs through the matrix.

Mineralisation:

~: Pyrite mainly occurs within the feldspar-quartz vein (Plate 3d), although minor pyrite does occur

as disseminations away from the vein. These pyrite grains are well-formed and subrounded.

rutile: Rutile is best developed in the chlorite matrix with acicular to irregular spongy grains « 50 J.lm)
and also occurs as inclusions within K-feldspar in the groundmass.

Comments: Quartz-K-feldspar alteration of the wall rock is considered to be associated with early vein

development and was probably syn·deformational. This is supported by the presence of rutile and

phyllosilicate inclusions within the feldspar.

I
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Mineralogy:

K-feldspar
quartz
albile
pyriH~

30%
5%
10%
2-3 %

white mica
chlorite
rutile
chalcopyrite

10%
3D %
l%
[race



Plate 4

(a) Green-grey massive w(lll rol:k with pervasIve chlorite, quartz and feldspar alteration. A

pyrilc-albitc-quarlz±carhonalc vein cuts across the wall rock. Sample is from SC I Lli 12 J.I metres.

(b) Photomicrograph of (a). Quartz-feldspar matn, hosting fine-grained white mica and
chlorite that define a penetrative spaced cleavage (S2) and a cTcnulalian cleavage (53).

(c) PhotomIcrograph of (a). Gradational margin of a quartz-feldspar-pyrite vein against the
the quartz-feldspar matrix.

Cd) Photomicrograph as for (c) in reflected light. Pyrite shape varies from well formed to
euhedral but also occurs as irregular grains between quartz and feldspar grains.

(e) Massive pervasive quartz-feldspar-chlorite wall rock alteration. Planar, cross cutting
carbonate, albite-quartz veins occur through the groundmass. The albite-quartz vein is cross cut
by the carbonate veins. Buff coloured alteration halos envelop these veins. Sample is from SC I at
101.5 metres.

(f) Photomicrograph of (e). The wall rock is fine-grained and consists of quartz-feldspar.
Alteration of the wall rock adjacent to the albite-quartz vein is white mica, chlorite and carbonate.
The carbonate occurs as fine disseminations that parallcl cleavage (52). The albite-quartz vein has
an irregular margin against the wall rock. The vein dominantly consists of large subhedral albite
grains.

(g) Coarse-grained strongly foliated chlorite-rich schist. Sample is from SC I at 99.9 metres.

(h) Photomicrograph of (g). Large K-feldspar grains in a fine-grained chlorite-while mica-
rich matrix. This phyllosilicate matrix defines a closely spaced cleavage (52), which \waps around
the large K~feldspar grains. Note that the K-feldspar grains contain inclusions of fibrous chlorite­
white mica and have ragged irregular margins.
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I Sample : DDH SC I 10 1.5 metres
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Hand sample: The sample has patchy alteration of the wall rock between grey-green pervasive qU<.Irtz­

lddspar-chlorite and huffpcrvasivc white mica-rich alteration lones. The later forms halo!.:s pcnphl;ralw
carbonatc·quartz-feldspar veins. These veins cruss cut an alteration banding throughout [he wall rock that

is ulso parallel to foliation (Plate 4e).

A.,say data: <0.0 I ppm Au, 238 ppm Cu, 43 ppm Pb, 232 ppm Zn, I ppm Ag, < I ppm As

Groundmass: Quartzo-feldspathic mosaic or anhedral grains less than 400 Jlrn (Plate 4f). Some grains

host rutile inclusions and have margins that are variable corroded by intt::Tstitial phyllosllicatcs.

Structure: Moderately formed penetrative cleavage delineated by the alignment of white-mica and
carbonate, throughout the feldspathic matrix (Plate 4f).

Veins: Two types of veins are present in this sample:

carbonate: Planar veins less than 8 mOl wide veins consisting of massive, well-formed anhedral
carbonate. These carbonate grains are up to 2 mm in size and may contain relict corroded feldspar.
White rims at the margins of some carbonate veins consist of variably oriented albite grains that are up to

I mm in size. Two interpretations are possible; either the carbonate was deposited in are-opened albite­
rich vein or the albite-carbonate zonation in these veins indicates that albite deposition was followed by

the inner filling of carbonate, The former case is preferred due to the replacement and corrosion of albite
by carbonate.

albite-quartz veins: Less than 2 nun wlde planar veins consisting of interlocking albite-quartz mosaics

Ihat are coarse-grained and up 10 800 ~m in size (Plate 41). These veins have sharp to gradational
margins against the groundmass, and are partially replaced by cross cutting carbonate veins and by
carbonate surrounding or enveloping the carbonate veins. Albite-rich veins cross cut the foliation but
may also parallel cleavage.

Alteration: Alteration haloes are the result of disseminated mottled anhedral carbonate grains
disseminated through the ground mass peripheral to carhonate veins.

l\'lineralisation:

.Q..Y.!.i!f.: Forms disseminations of subrounded to euhcdral grains up to 800 ~m in size and contain rUlile
inclusions.

chalcopyrite: Forms disseminated grains less than 30 /lm in size with sub-rounded shapes in the quartzo­

fclJspathic ground mass.

rutile: Forms irregular shaped grains to well-formed acicular grains, all less than 100 /lm in size. Rutile
occurs as disseminations grains in the groundmass and as inclusions in feldspar.

Comments: Albite mainly occurs within veins whilst K-feldspar is dominant in the grounJmass but may

be inrergrown with minor albite.

I
I
I
I
I

Mineralogy:

K-feldspar
albite
quartz
carbonate

50%
20%
5-8 %
20 %

white mica
pyrite
chalcopyrite
ruti lc

5%
trace
tract.'
1-2 Clr:
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I Sample : DDH SC I 99.9 metres
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Hand sample: Coarsc,grained strongly foliated phyllosilicate,chlorite rich schist (Plate 4g).

Assay data: <0.0 I ppm Au, 87 ppm Cu, <3 ppm Ph, 214 ppm Zn, I ppm Ag, < I ppm As

Groundmass: Predominantly K-feldspar groundmass that forms an interlocking mosaic with minor
quartz. Uncommon disscminaLed larger K-fcldspar grains occur (up to 1 mOl) within a chlorite-rich
matrix (Plate 4h). These larger K,feldspar grains have locally recrystallised fine-grained margins of K,

feldspar,quartz «SO Jlm) which form pressure shadows. Irregular margins to K,feldspar grains and

cleavage wrapping is also common. Larger K·feldspar grains are commonly Fractured with extensional
fracture sire filled by fibrous white mica and chlorite. Inclusions within these K,feldspar grains include

acicular chlorite, while mica and rutile grains (Plate 4h).

Structure: Aligned fine, grained chlorite and white mica grains (<l00 Jlm) define a closely spaced,

locally undulatory strong cleavage in the groundmass (Plate 4h). White mica and chlorite arc locally
developed in pressure shadows and also wrap around feldspar grains. A weak crenulation cleavage 20"

anticlockwisc of the penetrative cleavage only occurs within intensely white mica altered zones.

Veins: No veins are present in this sample.

Alteration: K-feldspar aJteration imparts a banded texture to the intensely chlorite-white mica altered
zones. This banding is parallel to the penetrative cleavage.

Mineralisation:

~: Disseminated euhedra less thanlOO Jlm in size, occur interstitial to large K,feldspar grains within

the white mica-chlorite matrix,

chalcopyrite: Less than 20 J-lffi rounded grains disseminated interstitial to K-feldspar in the white mica­
chlorite matrix.

rutile: Forms disseminated tabular to rounded grains within K-feldspar and disseminations through the
chlorite-while mica matrix.
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Mineralogy:

K,feldspar
quartz:
chlorite

45 %
5%
35 %

white mica
rutile
pyrite

IS %
trace
trace
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Hand sample: Massive green-grey wall rock sample with a line-grained homogeneous texture (Plate 5n).
A planar 6 mm wille carhonutc-qu<Jrll. vein c:ross cuts the wall rock in this sample.

As.,ay data: <IJ.IJ I ppm Au, I 12 ppm Cu, 4 ppm Pb, 3IJ ppm Zn, < I ppm Ag, 6 ppm As

Groundmass: Massivl: intcrln<:king quartz-K-feldspar groundmass with a grain size less than 400 ~m

(Plate 5b). Chlorite is interstitial to the quartz and feldspar ground mass and has a coarse grain size (up to

200 ~m).

Structure: Chlorite alignment defines a weak cleavage, but generally the massive ground mass IS

dominant (Plate 5b).

Veins: Two vein types are identified in this sample:

quartz veins: Quartz veins have gradational margins against the ground mass. These quartz veins « 200

~m wide) consist of interlocking quartz grains, which have local recrystallisation of quartz at the vein

margin, which result in gradational contacts with the wall rock. In addition, quartz veins host parallel

carbonate veins «80 Jlm wide). Disseminated carbonate occur as within the quartz veins near the

carbonate veln sites. This carbonate alteration emanates outwards away from the internal parallel

carbonate veins within quartz veins suggesting that these veins re-opened or utilised pre-existing

fractures,

carbonate veins: Carbonate veins are massive and filled by carbonate grains less than 2 nun that are well­

formed and anhedral. These carbonate veins have minor albite and quartz along the margins (Plate 5c).

These albite grains «500 IJ.m) are well formed and intergrown with carbonate (Plate 5c). Vein walls have

locally irregular corroded boundaries suggestive of local recrystallisation of the matrix after vein

formation. Cleavage does not cut these carbonate veins but 15 weakly developed near them. These

carbonate veins also host large subhedral pyrite grains up to I mm in size thal tend to occur near the vein

margm.

Alteration: Minor disseminated rounded epidote grains (25 IJ.m in size) occur. Chlorite alteration is
weakly developed and occurs as disseminated chlorite through the quanz-feldspar groundmass.

\[ineralisation:

p\Tile: Pyrite grains « 1 mm) are subrounded to euhedral and occur within the carbonate veins and as

disseminations through the quartzo-feldspathic groundmass. Pyrite grains contain subrounded inclusions

«20 11m) of chalcopyrite.

rutile/ilmenite: Grains vary from well-formed subrounded to irregular poorly formeu spongy grains, all

less than 50 Jlffi in size. Rutile and ilmenite occur as disseminations in lhrough the quartzo-feldsparhic

ground mass.
I
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\Iineralogy:

quartz
K-feldspar
chlorite
white mica

65 %
209v
10%
2%

pyrite
(llbile
rutile/ilmenite
chJlcopyrite

trace
2%
L%
trace
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Plate 5

(a) Massive grey-green wall rock with a fine-grained homogeneous texture and a L:ross
cultlng carbonate vein. Sample is from SC I at 95.2 metres.

(b) Photomicrograph of (a). The mllssive homogeneous wall ruck consists ur quurtL and
feldspar with chlorilC interstitial to these grains. Alignment of the chlorire grains defines a weak
cleavage (S3).

(c) Photomicrograph of (a). Carbonate vein with euhedral albite grains along the margin of
the vein. The vein consists of massive Interlocking carbonate and feldspar.

(d) Massive grey-green wall rock with strong pervasive quartz-feldspar-chlorite alteration.
Weak penetrative cleavage (S2) and crenulation cleavage (S3) are evident. with the latter
paralleling the direction of narrow carbonate veins. Sample is from SC I at 83.7 metres.

(e) Photomicrograph of (d). The groundmass is a massive interlocking mosaic of quarlz and
feldspar. A weakly developed cleavage is defined by the elongation of quartz and feldspar grains.
A narrow carbonate vein cross cuts this cleavage and consists of anhedral, poorly formed
carbonate grains.

(f) Grey wall rock hosting a carbonate-feldspar-magnetite-hematite vein and a carbonate
vein. The carbonate vein has a buff coloured alteration halo. whilst the carbonate-feldspar­
magnetite-hematite vein is parallel to the penetrative cleavage. Sample is from SCI at 62.8
metres.

(g) Photomicrograph of (f). The groundmass consists on interlocking quartz. K-feldspar and
carbonate with minor chlorite and white mica. This photo highlights the abundance of carbonate
in the buff coloured alteration halo enveloping the carbonate vein.

(h) Photomicrograph of (f). Carbonate vein which consists of large inlerlol:king well-formed
carbonate grains. A second carbonate vein parallels cleavage. Disseminated l:arbonate OCl:urs
through the quartz-feldspar groundmass and the groundmass dominantly consists of K-feldspar
peripheral to the carbonate vein.
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I Sample: DDH SCI H3.7 metres
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Hand sample: Massive grey green wall rock hosting a pervasive strong quartz, feldspar and chlorite

alteration and a moderately developed penetrative cleavage (Plate 5d). A se<.:ond cleavage is also rresent
and very weakly developed parallel to narrow «I mm) discontinuous to planar carbonate veins

Assay data: <11.111 ppm Au, 119 ppm Cu, <3 ppm Pb, 19 ppm Zn, <I ppm Ag, 2 ppm As

Groundmass: Fine-grained interlocking quartz-K-fcldspar mosaIC wilh minor interstitial albite and an

average grain size of <200 /lin (Plate 5e).

Structure: Weakly developed, spaced anastomosing cleavage delineated by the alignment of chlorite

grains « 50 /lin in size). Although evident in hand specimen, the crenulation cleavage is not well defined

in thin scclion. However local zones of cleavage rolation (-3OC') arc present and represent this very weak

crenulation cleavage.

Veins:

carbonate: These veins are narrow «400 JIm wide) and consist of interlocking carbonate grains. Veins

are planar and have locally irregular margins to the groundmass (Plate Se). Additionally, carbonate veins

parallel the wnes where cleavage is rotated and thus parallel the interpreted crenulation cleavage.

Alteration: Minor disseminated and subrounded epidote grains « 100 ~m) occur in the quartz-feldspar

groundmass. Minor mottled and poorly formed to well-formed carbonate grains «300 ~m in size) are

also dissemjnated in the ground mass. Poorly formed carbonate grains have irregular shapes, which are

elongate parallel to and along grain boundaries. Chlorite also forms a pervasive alteration.

Mineralisation:

pyrite: Forms disseminated subrounded grains « 200 ~m) in the groundrnass.

chalcopvrite: Forms angular grains « 50 urn) that are disseminated through the groundmass. A single

500 ~rn aggregate of polycrystallinc chalcopyrite occurs paralicI to the penetrative cleavage.

rUlile: Disseminated grains and aggregates «IOO).lm in size) through the ground mass having spongy

forms.I
I
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Mineralogy:

K-feldspar
quartz
albite
carbonate

45 %
50%
2-5 %
2%

rutilelilmenite
pyrite
chalcopyrite

1%
trace
trace
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I Sample : DDH SC I 62.H metres
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Hand sample: Vein sample consisting of a carbonate vein (I cm) with a burr allcration envelop and a

single carbonate-feldspar vein with hematite (Plate 51). The carbonate vein has an alteration envelop that
hosts disseminated pyrite. whilst the carhonate-feldspar vein has a grey-whIte alteration envelop.

Assay data: <O.U I ppm Au, 1338 ppm Cu, <3 ppm Pb, 30 ppm Zn, < I ppm Ag, 9 ppm As

Groundmass: Imerlocking K-feldspar rich matrix with minor interstitial quartz grains all of which, arc

Ie,s lhan 300 J.lm in sile (Plale Sg).

Structure: White mica in the lliteration halo around the carnonaLc vein is aligned and defines a sp<lced
penelrative c1cJvage. Elsewhere the texture is massive and lacks any foliatIOn.

Veins:

carbonate-K-feldsDar: This vein consists of large, interlocking carbonate grains that are up to 3 mm In
size and well formed (Plate 5h). Carbonate grains host k-feldspar, however K·feldspar is the dominant
phase in the alteration halo that envelopes the vein. This carbonate-K-feldspar vein cross cuts cleavage in
the alteration halo_

carbonate-feldsoar-magnetite-hematite vein: This vein dominantly consists of K-feldspar with
disseminated well-formed carbonate and minor quartz. Carbonate is also abundant as disseminations in
the alreration halo around this vein. Magnetite has skeletal to idiomorphic shapes and form intergrowths
or exsolution textures with hematite. Hematite « 300 J.lm in size) typically replaces magnetite grains or
forms rims around magnetite gralns. Some bladed hematite up to 1-2 mm long also are hosted with
carbonate.

Alteralion:

Carbonate vein halo: Disseminated carbonate is abundant in this halo and occurs in associated with white
mKa (Plate Sg). These white mica grains vary from poorly formed to well-formed and are less than 300

11m in size. Dissemlnated white mica is commonly aligned parallel to cleavage. The matrix of this
alteration halo consists of interlocking K-feldspar grains.

Carbonate-feldspar vein halo: Mottled poorly formed to well-formed carbonate in association with white
mica forms this vein halo. White mica defines a penetrative cleavage in this alteration halo.
Disseminated pyrite «500 Il-m) and magnetite are "Iso conunon within [his halo and the former contains

rounded chalcopyrite incluslons. Minor disseminated chalcopyrite «50 11m in size) also occur within this
alteraTion halo.

l'vlineralisation:

12.YI.i.!f: Pyrite is abundant within the carbonate alteration halo and forms corroded subroundcd grams and

aggrcg:atc grains that are up to I mOl in size. The individual pyrite grains however are less than 500 11m.
Pyrite comains rounded inclusions of chalcopyrite and where fractured, grains in filled by carbonate
ancl/or chalcopyrite. These fractures in pyrtte represenl extensional fraclure sHes that arc pcrpcnJicubr to

the penetrative cleavage within the alteration halo.

magnt:?lite: Occurs as disseminated grJins that form intergrowths or exsolutlon textures with hcmmilc.

rutile: f-'orms spongy grains « 20 ~m) grains disscrnin~llcd in lhc groundm~lss.

I
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Mineralogy:

K-feldspar
chlorite
quartz
white mica

60 (,.}

1 S
:) lk'
5 'I(-

L~lrbon~He .~O %
magnctilt'lht'ma[itt' lo/r:
pyrite' trace
chakopyritc lrace
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I Sample : UUH SPI 160 metres
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Hand sample: A buff foliated wall rock (schist) with pervasive intense white mica alteration (Plate 6a).
This sample is cross cut hy a carbonate vein that hosts abundant Au and branneritc.

Groundmass: Intensely foliated white mica altered wall rock with minor grains of quartz and K­

feldspar « 300 ,.un) and which, an; elongate parallel to the penetrative cleavage.

Structure: Intensely developed closely spaced planar cleavage. This cleavage is delineated by the

alignment ufwhite mica grains, all of which arc less than 100 J-lrn in size (Plate 6h and c).

Veins:

carbonate: planar veins less than I rom ami consisting of interlock..ing, well-formed carbonate (Plate 6b

and C). These veins host minor euhedral pyrite (up to 500 J..lm), which contain subrounded inclusions of

chalcopyrite. The margins of the carbonate veins are locally irregular and may be offset by a small faults

parallel to the cleavage.

carbonate-brannerite-Au veins: Well formed carbonate forms massive Interlocking grains, which host

brannerite (Plate 6d and e). Brannerite gralns range up to 4 mm in size. The margin of this vein is sharp

and planar. Disseminated pyrite occurs adjacent to this vein within the altered wall rock. Carbonate

grains range up to 2 mm and are fractured. Brannerite is also fractured and has in situ jigsaw fit textures.

This mineral is hard, opaque ami isotropic having a very low rcneClance. Il is notable that pyrite is absent

from this vein, but is common adjacent to the vein.

J\tlineralisation:

Dwite: Occurs adjacent to carbonate-brannerite·Au vein as subhedral grains that are less than I mm in

size. Fractured pyrite grains are common and these fractures are in filled by carbonate and galena.

rutile: Disseminated rutile is ubiquirous through the white mica rich matrix. Rutile grains are less [han

50 11m in size and have granular to spongy forms.

Occurrence of Electrum:

his nO(ewonhy that electrum only occurs within the carbonate-brannerlte vein in the form ofroundcLllo

elongated grains that are up to 70 ~m and elongate grains up to 400 ~m long and 20 ~m wide. The main
occurrence of electrum within this vein is at the margins of and within fractures of brannerite, or as

inclusions within brannerite that are always near its grain margins (Plate 6f and g). Electl"Uffi forms

micron-sized trails in brannerite that define narrow (micron-sized) fractures in these grains (Plate 6f).

Electrum is also hosted within carbonate, along grain boundaries in the vein matrix (Plate 6g), In this

~J.se. electrum forms grains that are less than 50 IJ.m in size and subrounded to suhangular in shape.

Minor electrum also occurs as inclusions within carbonate which have rounded shapes and are close to

(,;:lrbonate grain margins. The occurrence of electrum indicates its remohilisation to fracLure sitcs and

grains margins within the carbonatt:::.branneritc vein. The bright deep yellow retlectivity of electrum

indil'ates its a high Au content.
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Mineralogy:

K-feldspar
white mica
quartz
carbonate
Au

15 'k
60'k
Sq
10 Cf,
Ir,Ke Llc

X
pyrite
rutile

2%
<I Chi
trace
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Plate 6

(<.I.) A hulTcoloured. foliated wall rock (schist) with pervasive white mj(;J alteration. An
c1cclrum-carhonale-brannerite vein cuts the wall rock. Sample is from SP I at J60 metres.

(h) Photomicrograph of the wall rock in (a) in plone polarised light. The wall rock is
intensely white mica altered and hosts a closely spaced, intense cleavage. The cross cuning
carbonate vein consists of interlocking well-formed anhedral carbonate grains.

I"") .)
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(c) as for (b) under crossed polarised light I
(d) Photomicrograph of (aJ under plane polarised light. The mineral hrannerite is opaque and
forms large grains that are fractured. Brannerite is hosted by interlocking well-formed. anhedral
carbonate that is strongly fractured.

(e) as for (d) under reflected light. Electrum occurs within the brannerite grains within
fractures.

(f) Photomicrograph of (a) showing the distribution of electrum within brannerite. Electrum
predomiantly occurs as irregular shaped grains within fractures of brannerire.

(g) Photomicrograph of (a). Electrum is generally concentrated at the margins of brannerite.
where it forms large grains. Smaller rounded electrum grains are disseminated within brannerite
close to its grain margin or as disseminations within carbonate or along carbonate grain
boundaries.
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Summary and inlerpretatiun of drill core logging

LoggIng records of <.lrill h()le SC I {lrc given in Appendix I. The wLl11 nIck intcrsectcu in SC I is a massive

homogenous metasediment and consists of 111terlm.:kmg mosaics of quartz, K-fcldspur and minor alhlte.
i\ Jisscminalt.'u perviJsivc alteration of chlorite and while mica varil:s from weak 10 strong alteratIon

Intensity and Imparts a green-grey to buff 1:01am respectively. Alteration banding, where present fl:SUItS

from alternating hands that are rich In either chlorite or white mica and carbonate. Cleavage is well
developed in zones of Intense phyllosilicaLc alteration and this alteration is commonly assocIated with

COLlfscr K-fcldspar grain sizes indit:<lting a recrystallisation that probably post dated cleavage formJlion

(metamorphic recrystallisation).

A parallel to l.1nastomosing spaced penetrative cleavJge (52) dominates the structure within SC I. In less

Intensely altered massive wall rock, this cleavage IS only moderately developed, whilst in intensely

phyllosilicate altered parts of the core, the cleavage IS intense and closely spaced. The 52 cleavage ol"ten

parallels alterarion banding and the inclination of thIS cleavage vanes from 10° to 50° with respect to the

core axis. A weak to moderate crenularion cleavage (53) is also present and is best developed in the

strongly phyllosilicate altered zones between 178 to 187 metres. This 53 cleavage varies from 70 to 90°

with respect to the core axis indicating that it is not as steep as the 52 cleavage. The 53 crenulation

cleavage commonly parallels carbonate veins and is considered to be parallel to the Specimen Reef

alteration zone. A zone of rubble (near 189 metres) with striae on broken core surfaces is interpreted to

represent a fault. Only one other fault surface was observed at 94 metres in SC l, with slikensides

indicating reverse movement. Broad senses of movement determined from boudinage, grain rotarion,

vein displacement, and vein stepping structures also indicate reverse displacement.

T\IiO dominam vein types occur in SCI:

(I) guartZ±feldspar veins: This vein type consists of translucent to white coloured quartz veins up to 3

em in width and contain feldspar as well as minor carbonate and chlorite. Other minerals within

these veins include chlorite, pyrite, hematite and magnetite. These veins are commonly parallel to

both alteration banding and 52 and may be boudinaged by 52. Quartz veins at high angles to the 52
cleavage are commonly crenulated or locally folded by 52, with S2 axial planar. Some of these

quartZ±feldspar veins show mineral zonation from quartz-feldspar near the vein margin to a

carbonatc-rich inner lone.

(~) carbonate veins: The carbonare in these veins is siderit~ or ank~rite. These veins vary in width up to

1.5 em, are commonly planar and at a high angle to the core aXIs. Nonetheless, these veins may also

form fine wispy anastomosing stockwork veinlets. Alteration halos are common around these veins.

Carbonate veins consistently overprint and thus post-date the qUaftz±feldspar veins. The association

between these two vein types and penetrative cleavage (52) also supports this timing relationship.

Carbonate veins cross cut the penetrative cleavage (52) and lack deformational structures such as

boudinage and crenulation, which occur within the quartz±feldspar veins.

Alteration haloes of white mica and carbonate generally occur peripheral to carbonate veins, but may also

fl)rm around quartZ±feldspar vcins where they are veined by carbon<lte. Intense white mica and carbonate

altai-Hion also occurs from IRI.t-; to 193 metres in 5C I. This forms pan of a massive pervasive alteration

of the wall rock around the zone Inferred to be Specimen Reef. Elscwhac in the drill core, alter~Hion

b~lnding: of alternating white mica-carbonate and feldspar-chlorite bands occurs, which also parallels the

S~ cleavage. The distrihution of rhe alteration banding in 5C I could indicate strong cleavJge control (In

the development of these alter;uion patterns. Pyrite forms dlssemill;Ulons within quartz±felJspar veins

JnJ disseminated pyritc is also associated with carbonare-whire mica :J.lleration.

Summary and interpretation of petrographic ohservations

Pnlrl1lith alteration is intense in all SC I samples and the nature of the original roek is unclear. The

1h1lllogeneous massive character of the least altered wall rock in SCI could indicate a sandstone

rrccursor, however. no sedimentary features arc apparent. Banding: is a common feature rhrough SC I.
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Th~ rllytlllllll: p:lr:llid. planar slyk DI Ihis h:'lllding could rt:lkcl prilll~lry ~'iedJlncnt:lry feature..; th;\t have

heen SUbj~LlcLi to later JIlTcrc1l1iai :Jlteralion.

l-ch..lspar-quarll. alteration is Ihe most wldt:sprcJu alteration type and IS a pervasive. intense ahcration or
the gmunJmass. Thl: inlerlocking mrays of K-fcldspar-quartz and minor a/bill; grains «400 flnl size)
impart a homogr:ncous lithological character to the wiJll rock in SC I Grounumass reL:ryswllisatio!1 is

()bvious wh(;rc graIns are equant. Other alteration mInerals, such as while mIca, chlorite and carbonate,

overprint this K-fcIJspar-quartz alteration. The prcscnt:c of fibrous chlorite indusians as well as while
In!ca and mule within K-feldspar grains may indicate that this rccrysraltisation wa$ syn-meramorphic.

Chlorite and while mica alterations have variable development, with white mica most abundant within the
alteration interval associated with Specimen Reef. In thiS location. white mica forms a pervasive
alteratIon that overprints and replaces the K-feldspar-quartz alteralion, and in which S2 and S3 are

detineLi. Alter<ltion halos surruunding carbonate veins consists of poorly formed disseminated carh(mate,
which may form along the 52 cleavage within the alteration halo. There is little textural difference

between the wall rock and alteration halo sites, with the exception of abundant disseminated carbonate In

(he alteration halos.

The lIming of veins reviewed in the drill core summary is supported by petrographic observations.

QuartZ±feldspar veins host 52 cleavage and pre~date the formation of carbonate veins due to cross cutting

associations. QuartZ±feldspar veins may consist entirely of quartz or quartz-albite and contain minor
mInerals that include K-feldspar, pyrite, hematite and magnetite. Where these velDs consist entirely of
quartz, fibrous quartz textures indicate syntaxial vein fonnalion. The carbonate veins cross cut and

parallel to these earlier quartZ±feldspar veins, with some quartZ±fcldspar veins having inner zone of

carbonate. In this case. the inner carbonate zones are interpreted to be carbonate veins that used pre­

existing quartZ±feldspar filled fractures that re·opened during carbonate veining. Carbonate veins cross
co[ and pos[~date development of the penetrative cleavage S2. Pyrite most commonly forms euheJral to

subrounded grains, which occur as dissemjnations through the quartz·fe1dspathic ground mass as well as
in carbonare alteration halos peripheral to the carbonate veins. Chalcopyrlte usually occurs in pyrite as

inclusions, but also occurs as irregular disseminations in zones of strong chlorite-white mica alteration in
strongly cleaved zones.

What is Specimen Reef'?

Ncwnhnm (1996) described Specimen Reef as a narrow zone «I metre) OfQUl.1rlL siderite and pyrite

where Au, as electrum, is hosted ID discontinuous short zones along the reef structure. The two auriferous
occurrences at Specimen Reef are:

(1) high grade auriferous quartz, containing black sulphates (probably branner;te'?) fha! were interpreted

to be derived from weathered sulphides (Tunnel I).

(2) white quartz-siderite veins with visible Au, pyrite and chalcopyrite with a sandstone hangingwall and
slate foorwall (Tunnel 2).

Recent drilling by Goldstream (SC I and SC2) concurs with the interpretation of Ncwnham (1996) with

Specimen Reef having a 0500 strike Jnd a shallow 40-500 east dip. Drill hole SC I cont<1ins a zone or
white mic;;H.:arhonate alteration that is characterised by abundant quartz±feldspar and carbonate veins. In

drill hole SC I, the width of this ahcration zone approximates 50 metres, with the most intense alteration
and veining over a 25 m~tre zone below 172 metres. Newnham (1996) interpreted the orientation of the

J.uriferous zones 1O be governed by the Specimen Reef struclure and its intersection in the regional
pCllt'tr~ltive cleavage (52). Thus a south to south-west plunge of thc auriferous mineralisation was

in ferred has~d on the lineation inlersectlon of Specimen Reef and cleavage. The recent drilling hy
Goldstream (SC I and SC2) has tested this model and did not intersecl hIgh grade Au mineralisatIon.
HllWC\er Au llllomalism in SCI (2 metres at 0.5 ppm Au) occurs in a rubble/fault zone. which is
illlcrprercd to he the Specimen Reef structun: and a well-developed alteration-vein system around this
structure provide good encouragement.
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Mr. NIC Turner proviLlctl a high graJe Au sample from drill hole SPI at 160 metres. Newnham (1996)

Inwrprctcd Au mincr,-lilsation in SP I tu represent a second auriferous zOlle callcd Specimen Reef East.

This sample consists oran Inlensely white mica altered, foliated wall rock with the occurrence or
clcctrum n::stnctcd to a single carbonalc-branncritc vein. Elcctrum is visible In hand specimen and

elcctrum graIns an.:: up to 400 llln in size with elongate to roundeJ shapes. The JIstribution of clcclrum

within this vein IS predominantly fracture controlled, however clcclrum also occurs along grain

boundaries of branncritc and carbonate. Elcctrum theret(lre has a locally remobilised occurrence within
this vein. Notably, strong briltle fracture of minerals in this vein (and the adjacent wall rock) indicnlCS
laLc bntrle deh)rmation induced by faulting or shearing. Pyrite does not occur in rhis vein, but is
disseminated adjacent to the vein in the white mica altered wall rock. These observatIOns for the Au-rich
SF I sample arc consistent with the reported occurrence of Au <H Specimen Reef by Newnham (1996).

Although carbonate-rich veins arc common in SC i, neither electrum nor brannerite were found.
Additionally, the intense foliation ohserved in sample SPI at 160 metres, is only comparable to the

intense alteration lone in SC I at approximately 186.3 metres. This alteration zone in SCI is proximal [Q

the inferred zone of Specimen Reef where a fault is recorded at approximately 1X9 metres and where Au

grades are higher (0.5 ppm). It is noteworthy that a crenulation cleavage is also best developed in this

locality and is 30° anticlockwise of penetrative cleavage.

Thus, although the electrum at Spccimen Reef is hosted within carbonate veins, elevated Au grades are
also associated with intensely foliated rock, suggestive of both vein and brittle fracture (faull) control to
the distribution of Au mineralisation. Moreover, the deep bright yellow colouration of elecuum in SPI
indicates low Ag contents and thus a electrum high fineness and likely imlicates Au transportation by
Au(HS)2. complexes.

Analytical Results

Carbonate and electrurn grains were analysed usmg the SX50 electron microprobe at the CSL, University

of Tasmania. Results are given In Table l. These results indicate electrum in drill hole SPI has a high
Au contcnt containing less than 1 wt. % Ag and that carbonate from both SC Land SP1 are siderite but can
contain up to 53 wt. % MgCO) which makes them transitional to magnesite. In addition MnC03 can reach
up to 2.5 wt.%. Carbonate hosting Au in SPI is identical to carbonate in SCI.

The composition of brannerite was qualitatively determined using the SEM and a spectra is given in
Figure I. The spectrum has a series or U peaks as well as peaks for Ti, Ca, 0 rlnd a minor Fe peak. The

elemental formula for brannerite is defined as (U, Ca, Ce)(Ti, FehOn but no Ce was detected in the
hrannerite from Specimen Creek lndicating that a (U, Ca)(Ti. FehOu.variety. Brannerite is a main
uranium are mineral and contains between 30 to 50% U]08. Similar associations between Au and

brannerite are reported from the Saskatchewan Region of Canada. In this region brannerite forms vein

style uranium .deposits, which may contain Au.
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Tablc I: Elcl·trum Microprobc Analyses (aJ electrum from SPI and (b) carbonate from SPI and SCi

(a)

SP I Description Fe wt. % Cu wt.% Ag wt.% A.u wi. % Hgwl.% Total

I Au in branncrite 0.03 o I I (J.~3 100.78 o 38 102.23
2 Au in carh. 0.16 a. 15 a.~7 10096 o 70 la2.~3

3 Au at brannerite m:.Jrgin 0.00 a I3 0.98 I00.00 U.87 IU1.99

(b)

Sample Description MgCO, CaCO, MnCO, FeCO, SiCO, Total

SPI r:arb.in Au vein 37.63 1.13 2.02 5987 0.10 100.75
SPI carb.in Au vein 37.23 0.83 2.34 60.77 (l.O I 101.18
SPI carb.in Au vein 34.51 I.U5 2.51 63.81 O.U5 Ia 1.92
SPI carb.in Au vein 3781 0.61 2.06 6U.~O 00 I 101.39
SPI Garb.1n Au vein 34.59 1.37 2.61 62.08 0.12 100.78
SPI carb vein (no Au) 51.58 026 0.90 48.49 0.01 101.24
SPI carb vein (no Au) 53.14 0.27 0.87 47.36 0.05 101.69
SCI at 179m carb vein 31.81 010 1.23 68.83 0.04 102.02
SCI at 179m carb vein 35.82 0.25 1.62 62.97 0.01 100.67
SCI at 179m carb vein 30.74 0.27 1.54 67.50 0.04 100.09

Conclusions

The presence of chlorite-white rnica-K-feldspar-quartz-rutilc assemblages is consistent with a greenschist
metamorphic facies. Although quartz and K-fc1dspar alteration can be associated with diagenetic

processes, it is more commonly related to regional alteration associated with metamorphism. The
ubiquitous quartz·K-feldspar alteration of the wall rock in SC J, reflects a pervasi ve alteration that

occurred prior to or during the formation of the 52 penetrative cleavage. The development of

quartZ±feldspar veins may have been contemporaneous with this quartz·K-feldspar wall rock alteration

due to their similar mineralogies. Albite and K-feldspar alteration and veins indicates this aileration and

veining formed from K-Na·Si enriched fluids. The occurrence of pyrite in quartz-feldspar veins would

indicate thc~e fluids were also iron bearing.

Carbonate veins consist almost exclusively of carbonate (siderite/magnesite) and their carbonate-\v'hlte

mica alteration haloes indicate a high water/rock ratio. Carbonate and quartz±feldspar veins differ in

orientation, except where the later were re·opened and used as conduits and during the later phase or
carbonate veining. Carbonate veins, including those that used former quartz±feldspar veins, can have

enveloping alteration halos, which are developed in the wall rock proximal to the vein. These alteration

halos occur adjacent to veins where the cleavage is strong to intense. These alteration haloes consist of

carbonate and white mica and formed by the emanation of fluids along pre-existing foil,Hion planes

outward in to the wall rock from the central vein conduit. Ditlert':nces in the intensity of the 52 cleavage

broadly relate to the presence or absence of alteration haloes surrounding carbonate veIns. Disseminated

pyrite is common in these carbonate-rich alteration haloes and yet pYrite is not a common minerlll In

carbonate veins, suggeST local remohilisation of pyrite within the wall rock.

Carbonate veins form a sheeted vein system in the alteration zone at Specimen Reef. These veim have a

high <lngle to the core Jxis in SCI and Jre interpreted to be parallel to Specimen Reef. In SCI. l';\rnonate

veins nre likely related to development of [he crcnubtion cleavagt' (53), which is best dcvelopL:d in lhe

alteration zone at Specimen Reef. This crenulation c1e;lvage rn;\ .... he n:lated to loc<.lliscd faultin~;1l

Specimen Rc:ef (thrust faulting due to reverse mOvcmL:nl indicatl1rs'?). Therefore, it IS possible th,H

Specimen Reef represents a LOne of late shearing or faulting. which led to the formation or clrh\ln~ltc

veins and crcnuli.uion deavage (53). The crenulation cleavage S~ IS 20-30° anticlockwise of till..'

penetrative cleavage 52. SInce S2 is steeply west Jipping. 53 must he <lpproximately parallel hI the dip of
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tIll: SpecImen Reel" .... trucLun:. ThIs is cunslstellt with tht., IlricnLatJl)n (ll" thl: carOlmalL' vClns ,tllU suh­

p;]rallelism oj" Ihl: crcnulation deavagc

The assoclalio!l between the carhonate veIns anJ lhe penetrative 52 cleavnge fabric is L'rw":lal. Carhnnatc

veins cunsistently cross cut the penetrative 52 cleavage ant.! thus 52 has not been a critical l.:ontrol on
the orientation of carbonate veins. 52 formed prior to the formation of carbonateAAu bearing
veins. The ramifications of this timing relation IS that the 'mineralisation corridor' identified by
Newnham (1996) only defines the intersection of 52 with the Specimen Reef structure and allCnlll()n

zone. The aUitude of Au-bearing carbonate vein-hosted mineralisation is therefore unrelated to lhlS
lineation.

Recommendations

Information detailing the early underground workings at Specimen Reef is limited. parllcularly With
regard to Tunnel No.3 where it is not clear if Specimen Reef was intersected or if mining (stoping) was
undertaken. Newnham (1996) interpreted this pauelly of information on the lower Tunnels (Numbers 3
and 5) to reflect a discontinuity of the Au-bearing veins and that Specimen Reef was becoming lensoidal
and difficult to follow. Low Au values in drill hole SPC 14 suggest that the main reef shoot was JllIssed.
It could be considered therefore that the down dip continuity of the outcropping high grade Au zones has
not been confirmed. If the Au vein structures arc indeed discontinuous, the intersection in SPl, which is
likely to have intersected a different Au·rich vein from those outcropping at surface, may indicate strike
potential for parallel siderite-vein sets near the Specimen Reef structure.

Carbonate veins host Au mineralisation in SPl. The brittle deformation of carbonate and brannerite
minerals in this vein is suggestive of a late brittle deformation event, in which electrum was locally
remobilised to fracture sites within the vein. Therefore, knowledge of the orientation of carbonate
veins is critical to the orientation of the high grade Au mineralisation. Based on the summary of
Newnham (1996) and the orientation of veins in SCI, these carbonate veins may he parallel to the
Specimen reef structure. However the possibility remains that orientations of these carbonate veins may
be associ~ted with extensional vein formation during a late hriule deformation event on the Specimen
Reef structure. Additionally, the association between brannerite and Au is crucial and requires funher
evaluation to elucidate their relationship to mineralisation.

Prior to further work, it is strongly recommended that the orientation of carhonate vein sets be
estahlished. This is necessary to ascertain whether carbonate veins parallel [he Specimen Reef structure
or if they uccupy a different extension-related orientarion to this structure.

Literature Summary

The characteristics of alteration and Au·mineralisation described for Specimen Reef have many
similarities to those described for Archean to Proterozoic quartz-carbonate shear hosted Au deposits (e.g.;
Solomon et al.. 1994 and Roberts, (995). These similarities include the structural control on the stylc and
riming of Au mineralisation as well as alteration mineralogy. Specimen Reef is a Au-only type of
mineralisation having minor pyrite as disseminated in the altered wall rock. Base met(lls are generally not
associated with this mineralisation, with the exception of small chalcopyrite inclusions in pyrite.

In veIn Au deposits, structure is the most important bctor comroliIng the occurrence. distrihulion and
geometry of this Au mineralisation, with structure hosting Au reflecting late brittle movement or
reactivation of pre-existing structures (Groves et al.. 1988). The timing: of Au mineralisation in these
deposits can only be expressed relative to defurmation Jnd metamorphic events. Thus Au miner;:llis..lIion
is interpreted in vein deposits to be reli.lled to late deformation accompanying or outlasting peak
mdJmorphlsm. Specimen Reef was a high strain zon~ as Indicated by the intense development of rht:'
p~netrative 52 c1ei.l.vag~ proximal to Specimen R~ef. This structural setting is ideal for the focussin~ of
ore thuds by means of struclurally induced permeability. Ch;lracteristically, shear and vein hosted Au
deposits exhibit both brittle and ducrile deformarion (i.e. they consist of both shear and vein struclurL's) in
areas with greenschist metamorphism uOlI may have conSIderable vertical extent (>1 km) (Roberts. 109);
Solomon et aI., 19R4; 5ihson et aI., IlJK8). ThiS style of deposit Includes Au-hearing veins lhat
suhparallel and whICh ;:Ire genellcally related shei.lr zones.
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Under (,;ondiliuns of greenschist metamorphic fat;ics, wide zone of pervasive <.:arh(lnute aller~ltion ar~

commonly associated with vein-shear hosted Au mineralisation. Metasomatic wall rock alteration

normnlly introduces CO2, KzO, and H20, with local redistribution of Si02 and NalO. In greenschist

scUmgs, alteration overprints peak metamorphic assemblages and suggests wall rock alteration associated

with Au minerJlisation is related to late mclamorphil.: events. Typically, shear-vein hosted Au is

characterised by the associmion of an intense sericite, ankerite, siderite, pYrite alter«tion zone that

contains minor rutile and magnetite and which, is surrounded by a broader zone of carhonatisation. Thus

the mineralising fluids are likely mctamorphlc ore fluids (Groves ct aI., 1989).

rn Archean and Proterozoic systems, Au-rich shear-vein deposits are interpreted to have formed from
dilute CO2-rich fluids that precipitatcd Au on reaction with Fe in the wall rock. This renction results in
the sulphidation of the wall rocks that accompanies a decrease in the activity of reduced sulphide in the
are fluid anJ results in Au deposition (MorTison, 1991). The resulting high Au fineness (Au(HS)'
transport complex) also results from this destabilisation due to sulphidation of the wall rock.
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APPENDIX 1

Drill Hole SC 1 logging and section
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