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1.0 SUMMARY

Exploration activity during the year ending 20 october, 1990
concentrated on the Red Hills, Beatrice and North Selina
prospects.

The Red Hills prospect in the northwest corner of the licence
was the sUbject of further geophysical surveys and
sUbsequently drilling. The DHEM survey undertaken on DDH ~

RH-18 detected an off hole response attributed to a conductor
lying below and to the west of DDH RH-18. A second DDH, RH-19
(237m) intersected, a shallowly dipping black shale unit was
intersected at the interpreted conductor position. The shale
horizon was considered to be the source of the interpreted
downhole and surface EM anomaly and no further work was
undertaken.

Exploration on the Bea~rice prospect in the southeast of the
exploration licence was initiated during the summer field
season. A two loop (28 line km) UTEM survey reading inside
and outside the loop was undertaken but no responses
attributable to an accumulation of massive sUlphides were
detected. Geological mapping was undertaken over the Beatrice
lava dome and over the area immediately to the east of the
dome. Extensive areas of volcaniclastics and rhyolitic lava
were identified but a potential shale host horizon similar to
that exposed in the Itat creek area to the west of the dome
was not located. Soil geochemistry over the northeast corner
of the Beatrice grid failed to highlight any significantly
anomalous zones.

The North Selina prospect is located in the area between Mount
Selina and the licences northern boundary. It appears from
the early phase of reconnaissance mapping and stream sediment
geochemistry to potentially be the most prospective area of
the licence. Rock chip sampling identified two areas with
anomalous geochemistry, an outcrop within Red Hills Creek (Cu
250 ppm, Pb 555 ppm and Zn 7900 ppm) and an outcrop in a minor
creek draining east into the Anthony River Gorge (Cu 65 ppm,
Pb 1900 ppm and Zn 6900 ppm). The results of the F, Sn, Rb
and K geochemistry studies were equivical and failed to
resolve the question of the mineralisation source. The Pb
isotope studies suggest that two Cambrian hydrothermal systems
may have been active in the area.

Reconnaissance mapping in the Mount Lyell and JUlia Creek
areas to date has failed to highlight any prospective Cambrian
volcanics or potential host lithologies.

1
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2 • 0 INTRODUCTION

The Lake Margaret exploration licence, 5/85, covers an area of
145 sq. km. to the north and east of Queenstown from the south
of Mount Lyell to the north of the Red Hills (Figure 1).

The EL has been held by eRA Exploration Pty Ltd since 20
September, 1985 and is sUbject to the terms of the Mount Read
Volcanics Joint Venture.

This report outlines exploration on EL 5/85 and concentrates
on the work undertaken on the Red Hills, Beatrice and North
Selina prospects over the last year.

2
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3.0 PREVIOUS EXPLORATION

The area bound by the present day Lake Margaret EL 5/85 has
had a long history of exploration.

3.1 Early Prospecting Activity

The Cu, Pb, Zn, Ag and Au potential of a number of areas
within the EL was examined by early prospectors. Extensive
evidence of numerous small workings are indicated on McNeill
(1987), Corbett and Jackson (1987) and Corbett et al. (1989)
and summarised in detail by Green and Bamford (1986 a, b). A
number of adits and pits have been identified in the Red
Hills, Mount Selina, Dora-Spicer and Howards Anomaly areas.

3.2 Modern Systematic Exploration

Exploration during 1989-90 concentrated on a number of
prospects. The prospects were identified during previous
exploration programmes. The previous exploration in these
areas is summarised below.

i) Rio Tinto Zinc/Electrolytic Zinc Co. 1957-1961

Between 1957 and 1961, Rio Tinto Zinc (RTZ) explored the
Red Hills, Howards Anomaly and Lake Dora areas. Various
surface geological, geophysical and geochemical
investigations were conducted in addition an airborne
magnetic survey was flown. RTZ in conjunction with the
Electrolytic Zinc Co. (EZ), conducted an extensive
exploration programme in the Red Hills area. The
work undertaken was summarised by McNeill (1989).

ii) Mount Lyell Mining and Railway Co. Ltd 1966-1984

In 1966 the Mount Lyell Mining a~d Railway Co. later
as Goldfields Exploration Pty. Ltd. were granted EL 9/66
which covered an area of 637 sq. km. and included all
the area covered by EL 5/85. Between 1966-1984
systematic exploration for VMS style base metal
mineralisation and gold mineralisation was undertaken.
Exploration was focussed on a number of prospect areas.

a) The work undertaken on the Red Hills prospect
was summarised by McNeill (1989).

3
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b) Mount Lyell commenced exploration in the Lake Selina
area in 1969-70. The bulk of the exploration
centred about Mount Selina, in the area retained
by Mount Lyell following the reduction of EL 9/66 in
1984. This area was subsequently relinquished and
is currently held by Billiton as part of EL 103/87.
Previous work in the Lake Selina area is summarised
in detail by Purvis et al., (1983) and Fitzgerald
(1987). Work undertaken at Lake Selina in the
area now covered by EL 5/85 Lake Margaret included
geological mapping, soil and rock chip geochemistry
and IP surveys. The IP surveys generated several
anomalies centred about two intensely altered linear
belts referred to as the western and eastern pyrite
zones. These IP anomalies were drill tested through
a 13 hole diamond drill programme. Only three holes
LS8, LSl1 and LS12 lie within the North Selina area.

c) Previous work in the Beatrice area south southeast of
Mount Sedgwick has concentrated on the Itat Creek
area to the west of the Beatrice lava dome in what is
now EL 102/87. Exploration by the Mount Lyell Mining
and Railway Co. commenced in 1974 and no prior
exploration is known. The work undertaken in the
area now covered by EL 5/85 Lake Margaret included
geological mapping, IP and ground magnetics soil and
rock chip geochemistry and minor pitting (Meares et
al. 1980, Purvis et al. 1983 and Fitzgerald, 1987).
The area to the east of the Beatrice dome had
preViously received limited attention. Soil and IP
anomalies generated by Goldfields Exploration pty.
Ltd. were not considered worthy of follow up
exploration.

CRA Exploration Pty. Ltd. 1985-1988

a) Previous exploration by CRA Exploration Pty. Ltd.
at Red Hills is summarised by McNeill (1989).

b) CRA Exploration reviewed the available data on the
Lake Selina area but completed no further work on
the prospect (Von Strokirch, 1987).

c) A limited stream sediment sampling programme was
undertaken to assess the gold potential of the
Beatrice lava dome and the area to the east of the
dome (Von Strokirch, 1987).

d) An effort was made by CRA Exploration to assess the
subsurface potential beneath the Cambro-Ordovician
Owen Conglomerate cover. Aeromagnetic anomalies at
Rolleston Road, Julia Creek and to northeast of
Mount Sedgwick (Sedgwick east) were targeted for
follow up ground magnetic surveys. The Rolleston
Road anomaly was considered less prospective
because of its limited size and estimated depth of
300m (Von Strokirch, 1987).

4
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IP surveys were conducted to further assess the
potential of the Julia Creek and Sedgwick east
anomalies with the aim of detecting any pyrite,
chalcopyrite mineralisation associated with
interpreted magnetite, haematite veining
(Von Strokirch, 1987).

A 9 sq. km. area centred over the Sedgwick east
anomaly was formerly excluded from the CRA-Aberfoyle
joint venture agreement. On 28 August, 1990 the
exclusions lapsed and the area was included as part
of EL 5/85 falling under the terms of the MRV joint
venture. The Sedgwick east anomaly was drilled by
CRA Exploration in 1988, DDH 88MS1 was stopped at
600m. The hole failed to intersect Cambrian
volcanics or any significant gold or base metal
mineralisation. The aeromagnetic anomaly was
interpreted to be explained by a zone of magnetite
intersected between 454 and 600m. No further work
was undertaken, though DHEM was recommended.
(Funnell, 1988).

5
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4.0 EXPLORATION ACTIVITY LAKE MARGARET EL 5/85 1989-1990

4.1 Red Hills Prospect

4.1.1 Geology

The geology of the Red Hills prospect, summarised on plate
LMARG 11, has been described in detail by Corbett (1975),
McNeill (1987) and summarised by McNeill (1989).

4.1.2 Diamond Drilling

4.1.2.1 DDH RH-18

Geology

DDH RH-18 was completed in July 1989 and initial results and
summary log have been reported in McNeill (1989) while a
section of this hole is included as plate LMARG 14.

Description of petrographic samples (Appendix IX) submitted
from this hole indicate that:

i) The quartz-phyric lavas from 14.1-61.5m and 112.1­
139.2m are very similar and are probable Tyndall
Group correlates.

ii) The volcaniclastics from 65.2-112.1m contain
conspicuous quartz crystal, rhyolitic lava and
epiclastic sandstone fragments and are possible
Tyndall Group correlates, while those from 299.5­
356.8m are feldspar-phyric, contain little or
no quartz and are sourced from a dacitic terrain,
more typical of Central Complex volcaniclastics.

iii) Lavas from 197.9-286.9m, logged as andesitic to
dacitic are petrographically dacite, a conclusion
supported by geochemistry (see below) which indicates
dacitic-rhyolitic affinities.

Geochemistry

The complete length of RH-18 was split or core-ground, with
intervals based on alteration/geological boundaries or on 10m
lengths in areas of uniform lithology. All samples were
analysed for Cu, Pb, Zn, Ba, As, Ag, AU, Cr, Ti and Zr (sample
517915 was also analysed for Y). Results are included in
appendix II.

Two intervals contain elevated base metal values:

23l-236m, 5m @ 4160 ppm Pb, 5125 ppm Zn, 1.6 ppm Ag, a zone of
disseminated and minor vein sphalerite-pyrite ± galena in
dacitic lava.

6



4.1.2.2 DDH RH-19

Geology

Geophysics
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Tricone.
Pleistocene glacials.
Quartz-feldspar-phyric lava or intrusive
(Tyndall Group?).
White quartz sealed and in places sericitised
fault interval? with some associated
dissolution.
Quartz-feldspar-phyric lava or intrusive
(Tyndall Group?).
A variably carbonate veined ash
volcaniclastic.
Rhyolitic lapilli volcaniclastic in places
with ash volcaniclastic beds or lithic
fragments of rhyolitic lava and ash volcanic­
lastic, carbonate veins and spotting through­
out.

o 5.3m
5.3 5.5m
5.5 - 100.95m

140.9 - 158.8m

139.4 - 140.9m

102.0 - 139.4m

100.95 - 102.0m

287.6-299.5m, 12.9m @ 2800 ppm Pb, 5750 ppm Zn, 2 ppm Ag over
the basal part of the lower black shale unit, and including
two approximately lcm bands of syngenetic mineralisation. The
interval 296-297m also has elevated Au, 0.2 ppm and As, 180
ppm, the result of the syngenetic mineralisation.

Lithological indicator elements suggest all lithologies, with
the exception of the basalt dyke 140.7-140.9m, have dacitic to
rhyolitic affinities, i.e. low Cr and TijZr ratio. The basalt
however, has a high TijZr of 58 with high absolute Ti (1.45%)
and Zr (250 ppm) abundances. These coupled with a Y content
of 40 ppm suggest tholeiitic affinities.

A detailed log for DDH RH-19 is included as Appendix XI ,
while a section of the hole is presented on plate LMARG 14. A
summary log is as follows:

DDH RH-19, collared at 5363401 mN, 382396 mE, was designed to
test the flat lying conductor (conductor 1, Appendix X)
detected by DHEM to lie below and to the west of DDH RH18.

The hole was drilled west from DDH RH-18 drill pad to minimise
the environmental impact, reduce the access costs and to allow
for the possibility that the target horizon may have been
shallower, and located further to the east than had been
interpreted.

Both Sirotem (one loop) and EM-37 (three loops) surveys, with
associated surface work using two loops to collect EM-37 data
on line 84S, have been completed on this hole. Results and
detailed interpretations are included in appendix X. These
surveys have defined two anomalies; an eastern shale related
anomaly tested by DDH RH-18, and a flat lying western
conductor that has been recommended for testing by further
drilling.
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Mineralisation

Minor syngenetic pyrite mineralisation was observed associated
with the black shale intervals from 192.45 - 194.05m and 199.8
- 206.25m. An isolated bl@b of sphalerite was observed at
206.25m.

The interval dominated by black shale with lesser siltstone,
sandstone, lapilli volcaniclastic and quartz phyric rhyolitic
lava from 188.25 - 206.25 was considered to adequately explain
the source of the DHEM response detected in DDH RH-18 survey.

The quartz phyric lava or porphyry from 5.5 -139.4m correlates
well with the quartz phyric lava described by McNeill (1989)
from DDH RH-18. Petrographic descriptions of samples from DDH
RH-18 (Appendix IX) concluded that the lavas were probable
Tyndall Group correlates.

8
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A moderately carbonate veined ash
volcaniclastic with minor disseminated pyrite
and minor pyrite and galena band at 159.1m.
Sheared chloritised rhyolite lapilli
volcaniclastic with associated carbonate
veins and spotting throughout.
Fractured, puggy and highly broken possible
fault zone.
Rhyolitic lava or porphyry with minor
disseminated pyrite and chalcopyrite at
172.5m.
Rhyolitic lapilli volcaniclastic with
associated carbonate veins and pervasive
chloritisation.
A polymict breccia volcaniclastic tending
to lapilli volcaniclastic downhole with
felsic lava and siltstone clasts.
An interval of interbedded siltstone
sandstone and lapilli volcaniclastic.
Dominantly black shale with minor inter­
bedded siltstone and sandstone and minor
syngenetic pyrite.
Massive quartz phyric rhyolitic lava.
Dominantly black shale with minor inter­
bedded siltstone with veinlets and
disseminated grains of syngenetic pyrite
throughout and a very minor bleb of
sphalerite on the lower contact.
White quartz sealed fault zone? of quartz
phyric rhyolitic lava.
Massive quartz phyric rhyolitic lava.

158.8 - 159.75m

180.8 - 188.25m

207.8 - 237.3m

206.25 - 207.8m

169.5 - 172.9m

159.75 - 169.0m

188.25 - 192.45m

169.0 - 169.5m

172.9 - 180.8m

194.05 - 199.8m
199.8 - 206.25m

192.45 - 194.05m

The quartz phyric rhyolitic lapilli volcaniclastic with
associated ash volcaniclastic lithic fragments, bands or
horizons 139.4 - 188.25m correlate well with the
volcaniclastics observed by McNeill (1989) from DDH RH-18.
Petrography from DDH RH-18 (Appendix IX) concluded that the
volcaniclastics were Tyndall Group correlates.
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Geochemistry

Core grinding of RH-19 is not yet complete. Results will be
presented in the next annual report.

Geophysics

It is proposed in the future to undertake a DHEM survey on RH
19 as a DHEM modelling research exercise.

4.2 Beatrice Prospect

4.2.1 Introductions

The Beatrice prospect, is situated south southeast of Mount
Sedgwick in the southeastern part of EL 5/85. The similarity
of the geological setting of the Beatrice prospect to that of
Red Hills (a rhyolitic lava dome flanked by volcaniclastics
and shale with minor associated occurrences of sphalerite and
galena, Meares et al., 1980), coupled with the absence of any
previous UTEM coverage made the Beatrice area a highly
prospective VMS target.

A grid (20.2 line km) was established over the Beatrice area
during the 1989/90 summer. Geological mapping (1:2500 scale),
rock chip and soil geochemical sampling, magnetic and UTEM
surveys were sUbsequently undertaken over the grid. (Sample
locations are displayed on plates 29A, B and petrographic
descriptions are included as part of Appendix IX and list of
geological abbreviations used, is included as Appendix I).

4.2.2 Geology

4.2.2.1 Cambrian

The distinction between CVC and Tyndall Group volcanics within
the Beatrice area has been based largely upon the petrographic
evidence and where it is available the outcrop relationships.

The CVC lavas and volcaniclastics have been mapped as aphyric
and rarely quartz, feldspar phyric units. The Tyndall Group
volcanics are recognised as distinctly quartz, feldspar phyric
units. The presence of accessory minerals such as biotite,
zircon and apatite has aided the definition of distinctly
mappable units of rhyolitic-dacitic lava. This has proved to
be extremely useful over the east of the grid where the
substantial cover of pleistocene glacials has obscured many of
the contact relationships.

i) Central Volcanic Complex

The CVC within the mapped area is a lava dominated volcano­
sedimentary sequence (Plates 29 A, Band 32 A, B).

9
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The sequence is dominated by pink orange-green massive with
lesser autobrecciated dominantly aphyric, formerly vitric,
rarely quartz, feldspar phyric rhyolite lava (Ccrl) (P564322,
P564351, P564391, P564435, P564455, P564472, P564522). The
bUlk of the rhyolitic lava outcrops to form the local
topographic high known as the Beatrice lava dome. Minor
outcrops of rhyolite are exposed in the creeks towards the
southeast margin of the dome. A polymict lava breccia or
breccia volcaniclastic (Ccrb) composed of dacitic to rhyolitic
lava fragments (P564338, P564517) flanks the southeast margin
of the rhyolite dome.

Lapilli volcaniclastics (Cclv) flank the northwest margin and
outcrop extensively to the east of the main lava mass. The
lapilli volcaniclastics (P564454, P564481, P564513, P564515)
are composed of a mix of devitrified glassy fragments, minor
feldspar phenocrysts (mainly plagioclase in places albitised
or replaced by polly-crystalline quartz) and the occasional
lithic fragment (dacitic or rhyolitic lava) in a matrix of
fine quartz, chlorite and sericite.

In places breccia volcaniclastic (Ccbv) (P564374, P564433)
occurs as lenses within the main mass of lapilli
volcaniclasic. The breccia volcaniclastic lenses are composed
of a diversity of lithic fragments the bulk of which were
formerly glassy felsic lava. Isolated lenses of greygreen­
black shale (CCSh) occur within the lapilli volcaniclastic.
In places shale masses flank the lenses of breccia
volcaniclastic or occur as lithic fragments or boudons within
the breccia volcaniclastic.

ii) Tyndall Group

The Tyndall Group is a variable volcano-sedimentary sequence
that conformably/unconformably overlies the CVC to the east of
the grid (Plates 29 A, B; 32 A, B).

A number of outcrops of green to green grey brown feldspar,
quartz phyric rhyolitic-dacitic lava (Ctdl) (P564330, 564340,
564451, 564467, 564481, 564491, 564495) outcrop over the
eastern portion of the grid. The lavas are characterised by a
distinct assemblage of phenocrysts including quartz, feldspar
(commonly albitised plagioclase), apatite and lesser zircon
and biotite in a devitrified groundmass of fine quartz, albite
and sericite.

Dacitic lapilli volcaniclastic (Ctlv) (rarely breccia
volcaniclastic) (P564341) outcrops in the southeast of the
grid or as masses flanking the rhyolitic-dacitic lava.

10
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The volcaniclastic is composed of rhyolitic-dacitic lava
fragments along with minor fragments of holocrystalline dacite
(possibly derived from porphyritic intrusive masses). very
minor chlorite, sericite and iron oxide occurs along clast
margins. In places quartz and feldspar phenocrysts occur
dispersed interstitially between lithic fragments. Minor
lenses of green grey ash volcaniclastic (Ctav) or shale
(P564500) are hosted within masses of dacitic lapilli
volcaniclastic. Composed dominantly of fine detrital grains
of volcanic quartz, with a moderate sericite overprint which
defines a weak foliation.

A holocrystalline quartz phyric rhyolitic lava or porphyry
(ctp) outcrops within the southeast of the mapped area.
Composed of prominent quartz phenocrysts within devitrified
and somewhat sheared goundmass of quartz and sericite.

Unconformably overlying the CVC and Tyndall Group lavas
and associated volcaniclastics is a volcaniclastic
conglomerate (ctc) (correlated with the Jukes
Conglomerate corbett, 1979, Meares et al., 1980).
composed of lithic fragments including, rhyolitic-dacitic
lava, granite and large rounded quartzite pebbles (derived
from the Pre-Cambrian basement) along with minor shale
fragments. The lithic fragments are hosted within a matrix of
volcanic quartz, feldspar, sericite, chlorite and iron oxide.

4.2.2.2 Quaternary

Unconsolidated Pleistocene glacial till (Qg) unconformably
overlies much of the mapped area limiting basement exposure
over much of the southern and eastern portions of the grid.
The pleistocene sediments are predominantly derived from
scouring of the Qwen Conglomerate with some minor locally
derived rhyolitic lava and volcaniclastic conglomerate
floaters were also observed within the till.

4.2.2.3 Alteration

The CVC rhyolitic lava was sUbjected to an early phase of
pervasive haematite ± K-Spar alteration (564391). In some
samples (564455) haematite alteration apparently post dates
chlorite-sericite-pyrite alteration.

A mild pervasive chlorite with lesser associated silica,
sericite, pyrite alteration persists throughout the CVC
rhyolitic lavas and volcaniclastics. Rarely in places the
alteration becomes intense. Commonly chlorite, silica ±
pyrite form crosscutting vein sets within the rhyolitic lava.
In places extensive recrystallisation and pervasive chlorite,
silica alteration of the aphyric rhyolitic lava has resulted
in the generation of subrounded masses of secondary quartz
that in hand specimen resembles phenocrysts. Rarely samples
are sericite, silica ± pyrite altered with little or no
associated chlorite alteration evident.
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The breccia volcaniclastics in places contain clasts that have
been sUbjected to intense sericite, silica, pyrite alteration
(564472) prior to deposition.

The Tyndall Group dacitic lavas and volcaniclastics have
similarly suffered pervasive chlorite, silica ± pyrite
alteration. In addition samples 564451 and 564491 have
suffered a later phase of mild patchy calcite replacement and
vein development.

Sample 564491 displays evidence of additional strong pervasive
sericite alteration and is less intensely chlorite altered
with only chloritic patches evident.

Sample 564510 is somewhat unique displaying evidence of
microshear development with associated sericite, goethite and
very minor tourmaline alteration. This suggests the
interaction of granite sourced fluids during shear
development.

A number of samples from the Beatrice grid were analysed for
CaO, MgO, Na20 and K20 to enable calculation of alteration
indices to assist in the characterisation of the alteration
style present at the Beatrice prospect.

The alteration index [A.I. = 100 X (k20 + MgO)j(CaO + k 20 +
MgO + Na20)] varies from 71 (sample 564505) to a maximum of 98
(sample 564455), with the majority of samples varying between
90 and 97. This implies the majority of samples have been
depleted in Na and Ca relative to K and Mg which suggests a
possible footwall style alteration. The value of such data is
somewhat limited because of the potential depletion in Na and
Ca via preferential leaching during weathering processes.

4.2.2.4 Mineralisation

Only very limited mineralisation was located during the
mapping programme. The galena and sphalerite mineralisation
previously reported by Goldfields Exploration Pty. Ltd.
(Meares et al., 1980) could not be relocated despite extensive
searching within the vicinity of reported locations. The
elevated Zn (6000 ppm) in sample 564468 may represent the
reported sphalerite mineralisation and the elevated Pb (3200
ppm) sample 564472 may represent the reported galena
mineralisation.

Mild disseminated pyrite mineralisation was observed in
association with pervasive chlorite alteration of CVC
rhyolitic-dacitic lavas and Tyndall Group dacitic lavas.
Minor chalcopyrite was observed in association with the
disseminated pyrite in samples 564481, 564517. The breccia
volcaniclastic sample 564464 contained sulphide clasts
composed predominantly of fine grained pyrite. In places
pyrite veins were observed associated with haematite, chlorite
and silica veins within the CVC rhyolitic lava.
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Extensive haematite, magnetite (± pyrite) vein stockwork is
developed throughout the eve rhyolite lava, but is generally
more prevalent towards the top of the lava dome.

4.2.2.5 structure

Geological mapping coupled with an interpretation of the
magnetic survey data led to interpretation of a minor EW fault
structure truncating the eve lapilli volcaniclastic unit
against the eve rhyolitic lava within the NE of the grid.

The recognition of minor outcrops of bedded shale units within
the eve volcaniclastics has provided additional evidence to
support the interpretation of NS strike for the lavas and
volcaniclastic units within the east of the grid.

The EW strike of a minor Tyndall Group volcaniclastic unit
within the SE of the grind suggests that a major discontinuity
may exist between the eve sequence to the north and the
Tyndall Group volcaniclastics in the south. No evidence was
located during field mapping or from the interpretation of
magnetic data to suggest that any major fault structure was
present. This suggests some overiding sedimentary control on
the deposition of the ash volcaniclastic and the possibility
that the Tyndall Group volcaniclastics in the south of the
grid may rest unconformably upon a basement of eve lavas and
volcaniclastics.

4.2.3 Geochemistry

4.2.3.1 Soil Geochemistry

A limited soil geochemical survey (160 samples) was conducted
on four lines over the northeast of the Beatrice grid.
Samples were taken at 25m intervals. Samples were collected
with a power auger from the 'e' horizon at depths of generally
just less than 1m. Sample locations and results are included
as appendix IV. samples were analysed for eu, Pb, Zn and Ba.

The survey aimed firstly, to confirm the existence of the
previously identified Pb, Zn anomaly located on line 2000N
between 1976E and 2050E by Goldfields Exploration Pty Ltd in
Meares et al. (1980). Secondly, to identify the northern
limit of the anomaly. Finally, identify the limits and
magnitude of the anomaly, particularly in light of moderately
elevated rock chip assay values and the reporting of minor
sphalerite and galena mineralisation from the area by
Goldfields Exploration Pty. Ltd. (Meares et al., 1980).

Sampling confirmed the presence of a coincident Pb (595 ppm),
Zn (255 ppm) and eu (125 ppm) anomaly extending over two lines
and centred at 7850E 6900N. The ~rogramme failed to identify
any significantly anomalous values or to substantially expand
the limits of the previously identified anomaly on line l800N
(Meares et al., 1980).
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4.2.3.2 Rock Chip Geochemistry

A limited rock chip sampling programme (37 samples) was
conducted both as a support to the geological mapping
programme and with the primary aim of identifying potential
anomalous zones. Sample results are included as appendix IX
and sample locations are displayed on Plates LMARG 29 A, B.

Samples were analysed for Cu, Pb, Zn, Ag, Au, As, Ba and most
samples were analysed for the lithophile elements Cr, Zr, Ti,
Y and several samples were analysed for K20, Na20, CaO, MgO to
facilitate the calculation of an alteration index figure.

The lithophile element proved to be an extremely useful as a
support to the geological interpretation. Samples 564330,
564451, 564491 and 564495 all displayed geochemically similar
signatures (a moderate elevation in Cr (67 - 191 ppm) and a
similar Ti/Zr ratio 11.3 - 15.7). This provided additional
information to support the geological interpretation that
these were all samples of Tyndall Group dacitic lava. All the
samples mapped as rhyolitic-dacitic lavas displayed a similar
geochemical signature with low Cr values «22 ppm) and a
similar Ti/Zr ratio (6.5 - 14.8 but generally <7.0).

Near background base metal values were recorded for samples
CVC rhyolitic lava from the west of the grid. Mild elevations
in base metal values were recorded from the far east of the
grid. A single unit of CVC rhyodacite lava extending between
6520N and 7100N at 7780-7850E was found to be anomalous in Pb
(350-1850 ppm) and Zn (605-6000 ppm). A unit of CVC rhyolitic
lava centred about the southern end of the middle base line
displayed mild elevations in CU (20-515 ppm) and Zn (125-340
ppm) .

Two outcrops of CVC breccia volcaniclastic (564464 and 564472)
were mildly anomalous in base metals, Cu (110 ppm), Pb (3200
ppm) and Zn (1800 ppm) and Cu (260 ppm), Pb (240 ppm) and Zn
(225 ppm) respectively.

A single sample (564451) from a unit of Tyndall Group dacitic
lava flanking the eastern margin of the grid exhibited mild
elevations in Pb (430 ppm) and Zn (680 ppm).

Precious metal values were generally below the level of
detection. No significantly anomalous results were recorded.

4.2.4 Geophysics

4.2.4.1 UTEM

A two loop UTEM survey was conducted over the previously
unsurveyed area covered by the Beatrice grid in January 1990.
The two loop, 8 line survey acquired 28 line km. of Hz
component data spaced at 50m. Both in loop and out-of-Ioop
readings were taken to account for a variety of potential
conductor positions and geometries. Stacked profiles and loop
locations and geophysical assessment of the area is included
as Appendix VII.
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The survey defined a number of weak formational conductors, no
conductors indicative of significant accumulations of base
metal mineralisation were detected.

4.2.4.2 Magnetics

A 16 line km. ground magnetics survey was conducted over the
Beatrice grid during late January 1990. The magnetic profiles
are included as Appendix VIII.

The high level of noise produced by the extensive magnetite,
haematite vein stockworking of the rhyolitic lava
substantially reduced the overall effectiveness of the survey.

The survey clearly delineated an EW fault, dislocating the CVC
lapilli volcaniclastic and rhyolitic lava within the NW corner
of the grid. The survey clearly defined the western limit of
the Tyndall Group volcaniclastic conglomerate along the
eastern margin of the grid. The quartz feldspar phyric
porphyry body in the SE corner of the grid was outlined as a
distinct magnetic low.

4.2.5 Pb Isotopes

Three rock chip samples (564351, 564459 and 564464) were
submitted for Pb isotope analysis. The aim of the study was
to ascertain whether the Pb mineralisation detected in the
samples was a product of a Cambrian hydrothermal system. The
results of the Pb isotope studies by Carr and Dean (1990) are
attached as Appendix VI.

The result of the Pb isotope study of Beatrice grid samples
was not absolute and sample 564351 rhyolitic-dacitic lava
plots within the limits of the Rosebery 95% confidence
ellipse. While sample 564459 (a sulphide clast within a
breccia volcaniclastic) plot within the limits of the Que­
Hellyer confidence ellipse.

The possibility exists that the separation of the data may
reflect the influence of two hydrothermal solutions. The more
likely scenario is that 564459 and 564464 have had the initial
Pb isotopic ratios altered by radiogenic addition of 206pb,
207 Pb and 208pb since the Cambrian period. Thus all samples
probably had the same initial isotopic ratio which was very
similar to the Rosebery signature.

4.3 North Selina Prospect

4.3.1 Introduction

The North Selina prospect is situated in the northeastern
corner of the EL between Mount Selina and Mount Murchison.
The area was targeted for 1:5000 scale reconnaissance mapping,
rock chip sampling (15 petrographic samples) and a stream
sediment sampling programme (22 samples).
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4.3.2 Geology

4.3.2.1 Pre-Cambrian (Pp)

A Pre-Cambrian sequence dominated by brown-black pelitic
quartz mica phyllite with lesser quartzite was mapped along
the eastern margin of the area. In places moderate to intense
white quartz vein development was evident. Minor syngenetic
pyrite was evident in outcrops within the Anthony River.

4.3.2.2 Cambrian

i) sticht Range Beds (Csrb)

Unconformable upon the Pre-Cambrian basement is a sequence of
siliciclastic grey conglomerate and sandstone with interbedded
micaceous siltstone in places with minor interbedded lapilli
volcaniclastic lenses.

ii) Tyndall Group

The Tyndall Group is a variable volcano-sedimentary sequence
that conformably overlies the sticht Range Beds which flank
the eastern margin of the mapped area (Plates 20 B1/B 2 and 33
B1/B2 )·

A commonly feldspar or quartz phyric rhyolitic-dacitic lava
rarely lava breccia (Ctdl), in places with rare apatite
phenocrysts and sericitised plagioclase phenocrysts. (Samples
482726, 482749, 482791, 564815, 564818, 564961; Plate LMARG
16). The lava outcrops as two north south striking linear
belts in
the south of the area and as a large northeast-southwest
trending mass between Red Hills Creek and the northern margin
of the licence.

A major mass of lapilli vOlcaniclastic or epiclastics (Ctlv)
in places interfinger with the lenses and masses of rhyolitic­
dacitic lava in the south and the north of the area. The
commonly sheared outcrops of epiclastic or lapilli
volcaniclastic (samples 482708, 482710, 482727, 482745,
482795, 482957, 482804) are composed of quartz and feldspar
phenocrysts, minor devitrified former glassy fragments of
quartz/albite and minor felsic lithic fragments all derived
from a rhyolitic volcanic source.

Disconformably overlying the volcanic sequence to the west of
the mapped area is a volcaniclastic conglomerate (ctc).
Composed of lithic fragments, including quartzite, granite,
shale and rhyolitic lava clasts, hosted within a moderately
intensely sheared matrix of volcanic quartz, feldspar and
pervasive intersticial haematite and sericite.
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4.3.2.3 Cambrian Intrusives

The major mass of rhyolitic-dacitic lava or porphyry (Ctp)
outcrops in the northwest of the mapped area (sample 482722).
Lesser outcrops occur at the mouth of Red Hills Creek and
within a road cutting to the north of Mount Selina.
Petrographically described as a holocrystalline quartz phyric
rhyolitic lava or porphyry composed of prominent quartz
phenocrysts in places contains xenoliths of rhyolitic-dacitic
lava and minor biotite or hornblende phenocrysts within a
devitrified and extensively recrystallised groundmass.

A massive green pink brown quartz phyric granite (cgr)
(Murchison Granite) with chlorite spots after mafics outcrops
as a large mass along the northern margin of the mapped area.
The granite is interpreted to underlie much of the North
Selina area.

The moderate to intense magnetite, haematite, quartz, k-spar ±
tourmaline alteration is attributed to the influence of the
granitic intrusion.

4.3.2.4 Cambro-Ordovician

An undifferentiated sequence of siliciclastic conglomerat~ and
minor sandstone (ocg) (Owen Conglomerate) unconformably overly
the Tyndall Group sequence to the west and north of the mapped
area.

4.3.2.5 Quaternary

Unconsolidated Pleistocene glacial till (Qg) unconformab~,

overlies much of the northern portion of the mapped area and
forms the basement to an extensive area of button grass plain
in the centre of the mapped area. The Pleistocene till is
predominantly derived from scouring of the Owen Conglomerate
with some minor locally derived clasts of granite.

4.3.2.6 Alteration

A moderate to intense, pervasive to vein associated k-spar±
magnetite with lesser quartz and minor epidote, tourmaline and
calcite alteration is more prevalent towards the north and
northwest of the mapped area (samples 482708, 482710, 482722,
482726, 482741, 482749 and 482791). In places some quartz,
sericite ± k-spar ± magnetite alteration is also developed.

This earlier alteration phase is commonly cut by later
chlorite and pyrite, chlorite and magnetite, quartz and
chlorite, and quartz and sericite veining.

Towards the south of the area pervasive chlorite and sericite
occurs throughout and in places quartz and chlorite and
intense sericite quartz and pyrite alteration is developed as
a north-south trending linear zone HA (Plate LMARG 33 B1/B 2 ).
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4.3.2.7 Mineralisation

Extensive pervasive and vein related magnetite mineralisation
is developed throughout the North Selina volcanic sequence.
Generally more intense pervasive magnetite mineralisation is
confined to the northwest of the area. Magnetite
mineralisation to the south of the area is vein related or
occurs as disseminated grains of magnetite mineralisation. In
places magnetite is commonly martitized to haematite.

Pyrite mineralisation appears to generally overprint the
magnetite mineralisation but in places appears to be virtually
contemporaneous (482710). Pyrite occurs as disseminated
grains or as veins, the latter commonly associated with
remobilised magnetite. Minor pyrrhotite, chalcopyrite and
galena (482749) are observed in places associated with pyrite
vein development. In places minor chalcopyrite and covellite
occurs with pyrite lining veins or fractures (482710).

Two zones with mineralised rock chip samples were identified.
A lapilli volcaniclastic or epiclastic outcropping in a small
creek draining eastwards into the Anthony River host a clasts
of magnetite and sulphide (samples 564795 and 564957).
Despite the encouraging assay values (discussed in section
4.3.3.2), no base metal mineralisation was observed in hand
specimen.

An outcrop of rhyolitic lava within the Red Hills Creek
(samples 482749 and 482986) also returned encouranging base
metal assay results (discussed in section 4.3.3.2). Minor
sphalerite mineralisation was observed in hand specimen within
sample 482749.

4.3.2.8 Structure

Two minor fault structures were located during the mapping
programme. A minor EW fault dislocates the Cambrian­
Ordovician volcano-sedimentary sequence along Red Hills Creek
in the northwest of the area. A small northwest-southeast
structure dislocates the Tyndall Group volcanics to the
southeast of the horseshoe bend in the HEC Henty-Anthony ~oad.

Limited bedding or flowbanding observed along with observab~e

geological contacts suggests a steep west southwesterly
dipping north-south striking volcanic sequence. A moderate to
strong northwest-southeast cleavage development is
particularly evident within volcaniclastics and to a lesser
extent rhyolitic-dacitic lava.
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4.3.3 Geochemistry

4.3.3.1 stream Sediment Geochemistry

A conventional -80 mesh stream sediment survey (22 samples)
was conducted over the North Selina area as part of the
initial assessment of the area. Results and locations of the
sampling programme are included in Appendix V and displayed on
plates LMARG 16, 18.

Base metal determinations in the North Selina area were
generally less than encouraging. Values in the area ranged
from Cu (5-30 ppm), Pb (5-135 ppm) and Zn (40-360 ppm). The
most encouranging result (sample 482754) Cu (20 ppm), Pb (135
ppm) and Zn (360 ppm) was obtained from the mouth of a small
creek draining eastward into the Anthony River. Subsequent
follow up mapping of the creek lead to the identification of
anomalous magnetite, sulphide clasts within a lapilli
volcaniclastic (samples 564795, 564957) and an extensive
outcrop of highly altered (intense sericite, silica, pyrite
alteration) dacitic lava.

4.3.3.2 Rock Chip Geochemistry

A limited rock chip sampling programme (41 samples) was
conducted jointly with the stream sediment and reconnaissance
mapping programme undertaken over the North Selina area.
Sample results are tabulated in Appendix V and sample
locations are displayed on plates LMARG 16, 18.

Samples were analysed for CU, Pb, Zn, Ag, Au, As, Ba and the
majority of samples were analysed for the lithophile elements:
Cr, Zr, Ti, Y and several were analysed for K20, Na~o, CaO and
MgO to facilitate the calculation of an alteration 1ndex
figure. Several samples were selected for F, Sn and Rb
analysis to aid in the characterisation of possible granite
related mineralising processes active within the North Selina
area.

i) Base Metal Analyses

The rock chip sampling programme identified two outcrops
distinctly anomalous in base metals. An outcrop (samples
482749, 482986) of rhyolitic lava within the Red Hills Creek
returned mildly anomalous base metal assays of Cu (100-250
ppm), Pb (185-555 ppm) and Zn (3050-7900 ppm). A second
outcrop (sample 482957, 564795) of lapilli volcaniclastic or
epiclastic with identifiable magnetite with associated
sulphide clasts returned Cu (40-65 ppm), Pb (1900-2298 ppm)
and Zn (2689-6900 ppm).

Several samples of outcrops throughout the area displayed mild
base metal elevations. A sample (482792) of intensely
sericite, silica ± pyrite altered dacitic lava exhibited a
mild elevation in Cu (425 ppm).
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ii) Precious Metals Analyses

iv) Alteration Index Analyses

433026

A number of samples from the North Selina area were analysed
for K20, MgO, CaO and Na20 to enable calculation of alteration
indices to assist in the characterisation of the alteration
style present at North Selina.

20

Lithophile Element Analysesiii)

Precious metal values were generally below the level of
detection. No significantly anomalous results were recorded.
A sample (482714) of a magnetite, pyrite vein from within a
lapilli volcaniclastic outcropping in a tributary of the Red
Hills Creek in the northwest of the area displayed a mild
elevation in Au (0.430 ppm).

The lithophile element analyses were of limited value
providing little additional information to aid the
interpretation. The Ti/Zr ratio suggested a degree of
internal variability existed within the unit of highly altered
dacitic lava. This suggested that several dacitic to
rhyolitic lava flows may be present. The volcaniclastic units
exhibited highly variable Ti/Zr ratios (rhyolitic-andesitic
compositions) implying that the volcanic detritus maybe
sourced from a range of volcanic proveniences.

v) Granitic Fluid study

The F~K20, Rb and Sn survey primarily aimed to resolve the
questlon as to whether two Cambrian hydrothermal processes
were active in the North Selina area. Firstly the likely
extent of the hydrothermal processes associated with the
intrusion of the Murchison granite and secondly whether any
hydrothermal alteration indicative of a fossil VMS system was
also present.

A sample (482790) of rhyolitic breccia volcaniclastic
outcropping in Red Hills Creek displayed mild elevations in Cu
(405 ppm) and Pb (335 ppm). A sample (482727) of moderate to
intensely sericitised and chloritised epiclastic or
volcaniclastic outcropping in the Anthony River returned mild
elevations in Pb (340 ppm) and Zn (280 ppm).

The alteration index (A.I. = 100 X (K20 + MgO)/CaO + Na20 +
K20 + MgO) varies from 58 (sample 482750) to a maximum of 98
(sample 482743), with the majority of samples depleted in Na
and Ca relative to K and Mg which suggests a possible footwall
style alteration. The intensely sericite, silica, pyrite
altered zone (HA) has a distinct footwall style alteration
index of 90-98.
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The elevations in Rb and F were not necessarily associated
with the samples displaying the most intense magnetite, k-spar
alteration. The elevation in Rb (>200 ppm) and F (>600 ppm)
suggests a degree of interaction between granitic fluids and
the outcropping Tyndall Group volcanics.

The possibility still exists that the alteration associated
with the intrusion of the Murchison granite may overprint an
earlier fossil VMS system.

4.3.4 Pb Isotopes

Seven rock chip samples (482710, 482729, 482749, 482790,
482957, 482972, 482986) were submitted for Pb isotope
analysis. The aim of the study was to ascertain whether Pb
mineralisation present in the samples from North Selina was
the product of cambrian hydrothermal processes. Then if
possible establish whether any variation was present in the
isotopic signature that may enable a distinction to be drawn
between possible granitic and/or volcanogenic mineralising
processes. The results of the Pb isotope studies by Carr and
Dean (1990) are attached as Appendix VI.

The results of the Pb isotope study were not absolute and two
groupings of the data were evident. The first group includes
the samples (482729, 482749, 482957, 482986) that plot within
the limits of the Rosebery 95% confidence ellipse on the
207pb/204 pb vs 206pb/204pb diagram. The second grouping
includes all the samples (482710, 482790, 482792) with higher
206pb/204pb ratios which plot within or close to the Hellyer
and Que River 95% confidence ellipse. The second group have a
lower Pb content than Group 1 samples. The apparent variation
in the 206pb/204pb ratio is probably a result of insitu
addition of radiogenic Pb since the Cambrian, thus the samples
may all have had similar initial Pb isotope ratios.

There is a slight possibility that the variation indicates the
activity of more than one Cambrian hydrothermal event. The
available evidence did not allow any firm conclusion to be
drawn as to the likely nature of either of the potential
hydrothermal events.

4.4 Regional Programme

4.4.1 Mount Lyell Area

4.4.1.1 Introduction

The previously identified outcrops of Tyndall Group
volcaniclastics (Corbett et al., 1989) were targeted for
limited reconnaissance mapping in an effort to identifying any
prospective vOlcanics in the area to the east of Mount Lyell.
Mapping concentrated on weathered outcrops exposed in cuttings
on the Linda Valley - Comstock Mine railway.
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4.4.1.2 Geologv

Reconnaissance mapping at 1:10000 scale (Plate LMARG 28 D)
identified a Cambro-Ordovician sequence exposed to the east of
Mount Lyell. The lithologies mapped from exposures in railway
cuttings along the Linda Valley railway compare favourably
with units described by (Corbett, 1979 and Corbett et al.,
1989).

The sequence of volcaniclastics were assigned to the Tyndall
Group (Corbett et al., 1989).

Reconnaissance mapping identified minor sheared outcrops of
white green quartz phyric ash-Iapilli volcaniclastic within a
creek in the southeast of the mapped area. A green grey
oranqe brown lithic fragment bearing quartz feldspar phyric
lapilli volcaniclastic (Comstock Tuff correlate, Corbett,
1979) conformably overlies the ash-Iapilli volcaniclastic and
outcrops over a substantial proportion of the area.

A unit of quartz feldspar phyric volcaniclastic conglomerate
(Jukes Conglomerate correlate, Corbett, 1979) was identified
overlying the Comstock Tuff correlate.

Conformably overlying the Tyndall Group volcano-sedimentary
sequence to the north and northwest is a Cambro-Ordovician
siliciclastic conglomerate sequence (Owen Conglomerate).

Unconformably overlying the Cambro-Ordovician basement are
minor pockets of Pleistocene glacial till.

4.4.2 JUlia Creek Area

4.4.2.1 Introduction

A traverse was made of the Julia Creek in an effort to locate
the outcrops of Tyndall Group volcanics reported by CRA
Exploration Pty. Ltd ..

4.4.2.2 Geology

Reconnaissance mapping Plate LMARG 28 A identified minor float
of lapilli volcaniclastic possibly emplaced by glacial
processes. Minor outcrops of siliciclastic conglomerate were
identified towards the southern end of Julia Creek. The
reported outcrops of MRV could not be relocated.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Exploration to date within the EL has concentrated on the
assessment of the base metal potential of three main
prospects, limited reconnaissance work was undertaken as part
of an ongoing regional programme.

i) Red Hills, where an extensive UTEM programme was conducted
to the south and east of Red Hills (McNeill, 1989). This led
to a two hole diamond drilling programme and subsequent DHEM
programme in the Red Hills south area.

ii) Beatrice, where a grid was established and UTEM,
geological mapping and limited rock chip and .soil sampling
programmes were undertaken to assess the VMS potential of
Beatrice lava dome and flanking volcano-sedimentary sequence.

iii) North Selina, an area to the north of Mount Selina where
a reconnaissance geological mapping, rock chip and stream
sediment sampling programme has highlighted anomalous base
metal values within a Tyndall Group volcaniclastic and
rhyolitic lava.

iv) Regional programme, limited reconnaissance mapping was
undertaken in the Julia Creek and Mount Lyell areas with the
aim of identifying prospective outcrops of MRV in these areas.

Red Hills Prospect

DDH RH-19 was drilled to test the interpreted position of
"conductor 1". A conductive body interpreted to lie below and
to the west of DDH RH-18. DDH RH-19 intersected a flat lying
shale horizon at the interpreted conductor position and no
further work was recommended.

A review of all the data available on the Red Hills prospect
is planned with the aim of generating a geologically based
target for drill testing during 1991.

Beatrice Prospect

The absence of any significant UTEM anomaly attributable to an
accumulation of VMS has downgraded the potential of the
Beatrice prospect. The geological mapping, rock chip and soil
sampling programmes highlighted a number of isolated lenses of
black shale, along with minor outcrops with anomalous base
metal geochemistry. The programme failed to locate a
potential host horizon or an extensive zone of highly
anomalous soil or rock chip geochemistry.

No further work is recommended for the Beatrice prospect.
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North Selina Prospect

The results of the reconnaissance mapping and associated rock
chip and stream sediment sampling programmes have been
encouraging, highlighting two areas with anomalous base metal
geochemistry. The Pb isotope studies have confirmed a
Cambrian isotopic signature for the North Selina
mineralisation. Geochemical and isotopic studies have failed
to characterise the origin of the mineralisation as VMS type
or due solely to the influence of the intrusion of Cambrian
Murchison granite into the volcanic sequence.

Further work is recommended in the North Selina area:

i) A grid should be established and a UTEM survey should be
undertaken over the previously unsurveyed area to the north of
Mount Selina, where recent reconnaissance mapping has
identified anomalous rock chip geochemistry.

ii) A 1:2500 scale grid mapping programme should precede the
UTEM programme to establish the stratigraphic sequence and aid
survey design. An emphasis should be placed on establishing
the extent of the highly altered zones, and to identify any
further sulphide mineralisation.

iii) A ground magnetics survey should be undertaken over the
area to assist the geological interpretation and to outline
the extent of magnetitejhaematite altered rocks.

Regional Programme

The regional programme to date has involved limited
reconnaissance mapping in the Julia Creek and Mount Lyell
areas designed to identify prospective base metal host
horizons within the MRV. Limited work to date has failed to
highlight a prospective volcanic sequence.

Regional work by CRA Exploration Pty. Ltd. concentrated on the
potential for massive fossil hydrothermal system beneath the
Cambro-Ordovician sedimentary cover. Previous work identified
three prospective airborne magnetic targets, Mount Sedgewick
East, JUlia Creek and Rolleston Road. The potential of these
areas should not be overlooked.

Further regional exploration is recommended:

i) Further reconnaissance mapping and rock chip sampling of
creeks should be undertaken towards the eastern margin of the
Mount Lyell area with the aim of identifying a prospective
suite of MRV.

ii) The collar of CRA Exploration Pty. Ltd. DDH 88MS-l
drilled into the large airborne magnetic anomaly to the east
of Mount Sedgewick should be relocated and the current state
of the hole should be determined. If clear a DHEM survey
should be completed.
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iii) Should positive results arise out of the DHEM survey
consideration should be given to re-entering and extending
DDH 88 MS-l.

iv) Following the work programme on DDH 88MS-l consideration
should be given to reviewing the available data and assessing
the potential of the Julia Creek and Rolleston Road magnetic
anomalies.

v) A review of available exploration data on Howards Anomaly,
Lake Dora and Lake Spicer prospects should be completed.
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soil SO nitric-perchlorlc A5 volatilization VO chromatography CH"

I
PUIP PU HF mixture A6 ignition IG titration TTN
water WA HF under pressure A7 pressed powder (XRFl PP other chemicals means CHEM
tissue n fusion A8 glas. fusion (XRF) GF miscellaneous MiSe
stream sediment 55 fluorescence FLUCF
heavy mineral HM Inductively coupled plasma rcp

I

I
I

I
I

I
AUTHORISED OFFIC~R.!;:je:~



( ANALABS r
~ Division at lncheape Inspeclton ana Testmg Se<"Ylces Australia Pt¥ LId.'.

433049

PAGE

.... ,.)
••• .1:•• ..

.... , ..'
••. .1:-

7.1.'.1

:L ()(;~~.~

:!.<,'O ir:·~O:1.)'0

20 : '.~

-"

'~t.

.......l' <:+:1. ~·.1 :

It)5 i
.-' 6'~.·' .1. " U, I,) .. '.}.I. .,:~ .i. / t>'·/ J. :",

:.:50 I

l()~, : t. .. " 0 .. 01:::: <~ :".:,

•



ANALYTICAL DATA

ANALABS . ,-
A Di\lision 01 Inchcape Inspeclton and Testing Sltf'Vlces AuSlral.a Pty. LIC:.

1
I·
1

SAMPLE PREFIX

(

REPORT NUMBER REPORT DATE

433050

CLIENT ORDER NO

".-..'

I I
2::; u 3" 08 .. 0712f.t O;UO"l/'1() I 'to?!3

I
-,

.~:.•.. OF

TcaE T SAMPLE TeLI T1"10 Zn
I

,.~g f~U (~uChk I Bi:\ (=1-::;

I
CI-

No No.

, I
~l64~:'1()

i
13 ~:.~.

I
6:'.:, 1 ~:IO

I
<0" ~5 <() .. ()OB .-

I
:I. ".:1. '7 <~l~,

1 I I i
I ~J\~)45 :1.3

I
1 ~:.' I 40 """n I 0 .. 51 ")'''~31 .- I :I. () :I. ~', I

..•.,
I: 2 ! . L..,j .~ ':""'" .. UU

!
..<:.

i! i
- - -

1
1

"701
I

.L l;l0 ·:·.U,,;): <O"OOd

1.0 21 ~.l j <0 .. 5 ) <0 .. 000 ) )':,6 1 ~5

1------

~~sul~S in ;,'om 'Jnle'39 0!h""WI'H> -;peclllP{j
T ,~Ip.mp.nl ~msent: bUI C;JnCC?nlr3t,on 100 low 10 meaSUfp.

""-'r""'" _""CC'!'Tr1,''-'",,~ :-"':·",',"1 ,1"!pc:" ',1' '''~':I1

•
AUTHOR'SED if ............1c- ~

OFFICE::l .



ANALABS

I
I (

,
1

A Dil/Ision 0' Incl'lcape Inspection and Tesling Service, Australi. Ply. Lld~

433051

PAGECLIENT ORDER No.

,

I SAMPLE PREFIX A~~R~~:e~~AL D~~~DATE
I If-'-----.--------.--=----r-..L1_:_·::~_"..,."-;':'>-..-(/-'8-·'_''_:J-,7_1_;,_'~''1_'_-i_

O
_:_'_/_O_·;_"'..,./9_(_J..L1_9_·t_,,7_8 ---._'-,--,1_OrF__:;·:•.

T~~E SA~:LE Z I'" I T:i I T:i.: Z ,r Y 1<2D ~Ig D I CaO 1"la20 I

O.. BHl,l •• lO")"~ ,
.'- ,.' ::1.1.. ()

,'" "'1 ., ·'C',· I . ,. "H' , I":':.'.JU .. ,.j}')'I 0,,·.') .t;·'··~1 .... j _ .. /

~'''.-.'() I' '~<,.., ') I 'f ,- ... 'I') i I'_ ...)J".-._~! J.;),,/ '" I

3

2

I
..:. ~.:.:,.~i'~Lj40 ,':')OG ~';'~(:~~;: ~j I d . ./ :.:";:U ..- i

1----:-~:....·"'5.,"'··+r:;~.j ..q·l~.tr--___i---,"~,,., ...,,'("1)-,----;,"::.......,.:::..,.1-;.•.0·~-:,-___,.i-:""::,":"-,,.-----,,j"(_')-----,--,------=,------,------=----

...:..,.0j56Q,:)9'.I.,
I

8I
1
- a I' :,:·"j·:..J,)/4 ~::,~jl..) .,,:::'/(:~~.I .i.•-.:."U ..*1....

:..i 1.
1
~..~';-;!?":)"''-lr:~~.l'lf.ltO,....-___i---:....,,··~,~",('r)...:...-..,.,:......,.....,,-:..'to...:...-......+c....,,7.,+----",..~rt('r)-'.---~_:....----:....---_.:....----.:....---

I !

1--9----'!~~'t::6""·'.,,::n:~;t-':~..,C':~t',---,---',,:--:::<t':,.:,--."'::""'~l""~:t":.","--~'...', ::-::"',:.-'-----,,':lrt(7:-~:':l'.l_;;..-«,,),t').i--'--ct".",:C..?',::"',',-.. ----;7";;--t";-;.i'--...."....,...,,..''i-.,----

.'0 i

I )<:/
.1••" '.:; " ,.~ ,.) " .L ,

.-':.-.••' <.) ... :~ ':u ';l., ..:.. ~,,, q .-'
i" I, ,;

OJ.

1------'-~c;-;"".,7.1j..i",.:r,7/,••},-----."::j',.~,..'i-.'T)--..,..,.I-;,.",--,------;--,''T.,--'----,'."7 .. --7',::.7'.,,::-,-.;.'T("r.'--'--"i..~"'. ::-.. -:."'--T"~",, 'T"7,,.-:.,..,.---:.,'-,::-,C:_,.,,",,.•-r--­

~5

..") ~:)4(·+ /~:. ,:: i:.l j .,;, .;:. ,.) .<. '.:~ " C)

1__,_6__",-,,,,<;.,"l4"4:t7)c..,;,-----.:'...r',..n:",T... --"'..."'.7'.;,u't·,--'.1,7."."';----"'··..rt'.-r,--C(:)".::-.::-. .J""'t~~--'--..,.•:-:c.. "'..'7--'tU77"7-.<;.~,.o.,--.."",,:c.7.. '7"----

I '3
:)644U:I. .. " "(. ,-: ...<" ",::~ .1. .. ...::.:'"" .•. I.,'i.{. I'.'

::.'.) .1. .. :.,(: .J .. .J. . ')" 0·.;·
'9

1----~J"<"'o'"q;",.!'+"'...,'1.1c-.---7----.~".-;..,'"t,,.;r:-,--•."",,:%.+7'..:;.-"''':i--'''-..,....-..-.....,----...'t.'-----,----_r----_r----_r----
20

~ic)449.J ~U() ~:i ..I •• / .L~~,,~:J ~)~

1--2-,--'--,..'1",..""'"'..+t:..:;-1"1'P~....,.,--+-----:".<_~.<'",("1!--;--7:-.rL..,..,-___,--::--:;--:-:'------c." .."1)----~L..--------r---~~---

I 23
,.'()dJ ...)U .::. () " -'..'

I.'...'" .:.

·... r.)

.;~ ...J/ .I. ........ .1. I,)., '-:-•

1 ·.:--2-"---,-~.".l"C"""Zl{:::tC'~"',,");o*::rj--+--..7.:.:rC"".'}--'----:I.,.,·:..OJ;-'.".~j"',"';}-:----,:L'"Tl-,,7\::rj--'------,-.;.~r,.,..\7,-----,-=-c-----,-=--,------,-=-;-----,=-r-­
. :5

I
M'd5uils in ppm unless olh!:'rWISd "pp.CI11 ..a
r , "'Iement presen!: ~lIr~J"Cenrr.1110n '00 ~ow 0 m"!.l5l1fP

....un..io.RISED sp'~
']FF'C:::::::

I



( ANALABS (
. A DiviSion 01 I"cheape Inspection and Tntlng Sel"\lices Auslralia F't)l.lla:

?AGE

I <~ CF

433052

.- I

1 CaO

CLIENT ORDER No

.... \

..,. I

REPORT DATE

K2U I i'19 (J

02/07/'101

~50 I

6.0

Ti ,Z,' Y

16:,ll

1"18/

ANALYTICAL DATA
REPORT NUMBER

I ~'::L. :'l. 08" 07:L24

I Ti

2BO \

2~~,O : 1"'64 I
I
i

SAMPLE PREFIX

SAMPLE
No.

~\b4510

I
I·
'1
II

rUSE
No

I:
Ii 2

3

OliO],O .. :?l

'0

I' 3 I ::;6'4004 ! IBO i
'--~--1I"":;l"',",:-:::1'·H"8"1"8"·----+I--":l.a'il"'0,...r-I-'''':;'''3'''~,'''.,;>,-t--'''1~;,...' •...,'_'1+---.."':;c'"',+1'-""'''1-.9"",,~,--,">-,,"',';"'2', -'----,'"')-..'Z"6c---+-...,O'.....,(J"·:":i ---

1,-,--3--t!------ir------1----+----+----
I
f----+-------'--------

1-'1-...,------...,------f-----;---+--'-------,-------­

1_'_1'------i------;---+---;---~------
I
I-~...,--------,------i----;----------;--------,------

:5

.. ­, ,

1_'6-----'------ -'--_----'--_-+-_----'--_----'----- _

I
1_'_'"-------+----i-----.J---------­

20

'"

::),,01

,""

'...... 0:1.

-I.L;TC,CPISE:J
:F::;C::::::1

() ...J 10" .I. I " I 0 .. 0:1.
I

.'.' i ppm\
....'" I ' ..

:I. '-"'/ i 010 :1.1 1·:)4

ppm

Results In ;;pm unless otherWise speeltlea
T ~ ~!@rnent presen!: but .:oncentration 100 low to measurl"
X 1l11l~'-'nl ~,-::1ccrl1r3[IOn d ;:l'!IC·.... 'il'leC!lcJI1 IUIIII

- ~I~men! nCf d~fermlnea

OETECTIUhi

1_2,_~-------,_____+-+___~_-------,--

I
---...,-----------:7.7::-=:::-'----+----...,-------...,----+----+----...,-------...,--------...,-------...,-------

2" UNITS ppm I

1,-------j--;:;,·,i<II~~-Tr.,c;-l[n)"D:-ti--4;;·"O::;:I,+---;;'1"()~:I'.t----:;<=+------,--=+-------,--""",---'--------,:I."":;'""'.'I--'"1"0;-;'"~---,:I.""('),",--­
25

I

•



I

I
i:.--71
.,.".,

I
I

I
I
I

RC

Pr ~: J1' [;.l,?b,Ifi,P.g/:Oi

Etli~Ol

As/401

"'];.:
~

</ 5~' ~~

I

I

'-

REMARKS



1
I ..~.

1
.•. .SAMPLE . . C OJ
.'. c No.

-;64455 -;.-,.,
.' .

1f-_2_--1_j_6_4_4_C._.S_'__-+ -'_'!_J--I ._3_;~_;+--.-'-(_}.._·-+__<_(_,._S-+_·_U_.'_'_)_O_~~:_·-+ +__S_'_l_;_:·-'+---'-'--:....-'-t----

3 :i;7j.L!·.L~S'-;-' c·... .O( ."~). '.::-~ .'<)0 ~ I, ':~;,__ ,

1
5

6

~;~'.' ;, we l!,)

1f--7 -f----+---+---+---+---+-----+---+---+---+--

ppmppm

O .. ;;I ..'U

ppm

1,-.. 1
... 'oJ."

j_";-'l:'

l i) 1

l '"'''' .~'.:"..H'l'" \ ~)

Results in ppm unless otherwise specilied',"---:.<
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I
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I
RE.'AARKS
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I~ • dE-~ r'omfcJnJ i
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cutting CU nitric acid A3 other mixed acids Mo spectrophotometry SPEC
rock Ro aqua regia A4 alkaline attack AA colorimetry COL

I
soil SO nitric-perchloric AS volatilization VO chromatography CHR
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,, ANALABS
-·A DiviSion 0' Incncape Ins~tion and Tesllng Services Australia Pty. LIC!.

ANALYTICAL DATA

(

433065

SAMPLE PREFIX REPORT NUMBER REPORT DATE CLIENT ORDER No. PAGE

r 2:'5.3.08 .. 0'7122 08/06/90 I 9876 [I '7
CF

,

TUBE I SAMPLE T.ll IF'b Zn 'Ag Sa lAs
I I !,

'10. I No

•

564599 ~r. I 195 190 <0 .. ~j 600 70 I~" I,
i~S71> I i I
p6'4600

i
10

I
.:J..) 4~ <:0. :)

I
,~OO ~:) , i ;

I
2 I

! I ,
I

564601 15 4~5 I '10 ,;"0 "\-r 1 ~~() i.'t I

!
"... "" I'] I I,

564602 10 30 4::" I <0 .. 5 ....-... ') 'II j":.A...

I
564603 10 10 30 <0 .. I:: 9:::.

i
.... "':'\..' .•. .c..

I

56'~604 10 15 30 <:0. :5 130
1

3

~<,:;:r605 "\ IO ;;lO <0. I:: 140 4-'

5<,,4606 1 5 35 60 <.,0. 5 :,00 10

~3646()7 10 I 160 ;27~~ <'0 ~") ~()() '.". •.
:::'b·::JC)08 15 50 /5 <.0 .. ~) 400 <>

:,64609 10 ,3 :J 40 <.0. 5 ~70 4

56'~610 15 "7 ~.J 1:1. ~} <.0 .. :) 440 I
..
'"

::'<~4611 :I. ~j 60 10:5 <0 1:. 410
.~

"
_, /

::'164612 :,0 ~30 65 <0 .. :J ~,~~O 1 I::..'

~~6461~S 10 ~~O (~::':l «) ,::
~·~~O :,:". '-'

564614 :1.0 ~1~5 60 i <0 .. 5 340 6

564615 10 '15 ;"0 <0 .. :5 ',1130 4

::'16 l.J 6 1 6 :LO 2~:' 60 <0 .. ~;.:, "=J~-:O I ..:1

5611617 :J.O :;lO r~~:.' <0 .. ~.:) ~·5~·jO ·'1

5t.'46:U~ 10 ~35 3~;.' <0. :;. 160 ';
.,

",,:'

56461'] ,;: 25 ,'\ .~ <0 5 L";()
... ,....

-' ,~;....- " ' ..~

~'b·q620 10 40 2~, <.;:) .. ~'.~ (.SO .,
I ..:.

564621 :J
I

2::' ;::;0 <0" ~5 1<;>0 ",--
,

56f.~622 ~ I 3~:.' 4~:' <0. ::.' ;T70 ".',-
I , ;

564623 ::.~

I
2:5 ;}O <0 ~.J 7~,

,.,
,..

i
.:.:.

I
,

•
=lesuitS ,n ppm unless C!lh~rwlse specdled
T , ~Iemenl present: but ~onCenlrallon too low to rnaasur~

\ ·,,.>,,,,,'11 ,·('nCf'I':I,IIH.'1l 15 I:eluw ~lI... tp.C!I,;n I,rn'l
·I~mp.nl nOt ai'l~rmlne-1



(, ANALABS
PA, Division 01 Inchcap& Inspection and Tesllng Service! Auslralia Pty. Ltd.

ANALYTICAL DATA

(

433066

SAMPLE PREFIX REPORT NUMBER REPORT DATE CLIENT ORDER No PAGE

r 123.3.08.07122 08/06/90 I 9876
1

2 7
OF

TUBE
I

SAMPLE ell F'b Zn Ag B<":\ As
I

II'10.
I

No I

1
:5c)4b2t4 20 70 85 <0.5 5'70 ~,

II ,
I ,

F64625 I 20
I

70 55 <0 .. ~; I ~~?() <2 I i2 ! ,i I ,
•

~164626
,

~~() T 60 5~) <0.5 , 3"70 ! 4 ! ,

3 i , I

2

I



433067

( ANALABS
•,

A Oivision 01 Inchcape Inspeclion and Tesling Se..... ices Auslral13 pty.l.fd.

ANALYTICAL DATA
SAMPLE PREFIX REPORT NUMBER REPORT DATE CLIENT QReER No PAGE

41.". ..! ....... ,)1)•. 646.1
J

r T',.... .~ OS O'll ',', 08/06/<;>0 I<;>876 [3 '7&... • .) ....) .. .. ",~.c..
OF

: lUBE T SAMPLE ell Pb Zn Ag Ba As
I I

No I No I

:36464<;> 10 20 ~}() <0 .. :, 140 ."", I......:. I: i I
,

l~l646~lO 25 1::'" 40 <0. ::; I 140 7 I2
,J"). I

"\ 5' ( ...... i ~i ' , -::-C'" "; , 9('1
.

I

•
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ANALABS

A Division 01 Incheape lllspection and Testing services AUSlrlllill Ply. lid.

ANALYTICAL DATA

433068

SAMPLE PREFIX REPORT NUMBEA AEPOATOATE Ci..IENT ORDER No PAGE

I

•

I I .,.~ ~ 08 071"'''·' 08/06/90 I 9876 I 4 '7.....) ...J. .. oIIM,,"-

I :F

Tl.:BE I SAMPLE eu F'b Zn Ag BCI As
I

,,
NO No i

j5i).fh!)74 20 3:l0 :l60
I

<0 .. 5 ~:,"?O 8 I
1 i
2" ~64675 I <;>0 585 215 <:0.5 580 20 I I •I

I ,

7
~1646'77

' ... I-

I
-;0- ......:. I 255 () .. ~\ I :'\SO I <.2 I3 I &:. .:.' ,.)s:., ..\

I I , .I
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'. ANALABS
A Division 01 Incrlcape Inspechon and Testing S8f\liCU Australia Pry. Ltd.

ANALYTICAL DATA

433069

SAMPLE PREFIX F=lEF'OAT NUMBER REPOATDATE CLIENT OFiOER No PAGE

! I ~.~ .~ 08 0'71 "~ 08/06/90 I 9876
1

5 '7.t:.,.) ....).. ." ,c;",t;.
OF,,

TUBE I SAMPLE Tell F'b Zn Ag Bi:\ As
1No. i No

1
'~J64"700 T 20 65 :L:l :5 <0 .. ~5 6~~O <2 ,
i i

2
.~;64701

!
20

I
365 50 <0. ~, 480 I 3 I

. !

564"702 I 15
I

4:"''' I 4~5 <0.5 i ~~90 2 I !

2 ,
,

Ii ,

~~61=J703 , 5--:- 15 :::.0 <0 .. ~=:I :,40 5 i .



I I ~.~ .~ 08 on ~~ 08/06/90 I 9876
1

6 /'..c:...J. ,.). .. . ,,;,..r:.
CF

!

! TuBe I S~MPlE Iell Pb Zn Ag Bc~ As I INo No.

F64725 i :LO 30 50 <0 .. ~) ~"'i70 4
, I I

i 1
I

, I

I I ,

I

, f64726 I 15
I

~35 8::1 <:0.::1 )'20 9
I

iI 2 I
! I :

56i.t727
I :L ~l I ~~o i 85 <:0.5 I eno 6 i I3 ,

Ii i , , ! ,

433070

CLIENT ORDER No PA.GE

(

REPORT DATE

ANALABS

REPORT NUMBER

ANALYTICAL DATA

A D'Y'$lon 01 Inchcape In5peetion and Te'5hng Sef'lices Auslralia Pty.lld.

(

SAMPL..E PREFIX

, "
,,.

I
I
I
I
I
I
I-----;c-~-,..,,___,__~~~~___::::__'_---

.

I ,---'---';::-.,.-;;-::;:::;:,.__7----c=-+--=-+--~~.,,---,----__:::;_o;_;;__+__~----
;

1------":::--:-:=::=-------'---~~~~____===_=__'--------7:::-_,____-~

I------;;-~-~~~~~~--­

I-~~-------,,-----,-------,~_____=;:;;c----::c;~~~____::=__:___--­
I.- -------;o-~o;___-~------:;--;;:-~_____=_~~,.____;::,__----

I--------;o-~-~~~~~-----=---­

I-~~-----,;-;;--------c;_;c________=;;;_----=c___;=________;_,_;;c_'__~----

I
---;c-:-o=-;=------:c=-----,,-,=-----:;-;--;;--:=--;o-------;-;;:-o;-----;-o;---------

1-'~~t.L--______:;-,.,------~-~---=---:=---:..-o-::=---,_;:;:__----

I-~c;;_c__-___._:o;_-------c=-'--=-_'___=-:=-'-~,_____~-~--

I
-----;::;--:-::-::::-::-:::------:;;----,-c:;------;::;-;:--r---:;-::--:::---r--=-;:--,-------;=----------

I:------;;-~-..,,-----~~~~~-------,--'-----

I

•



PAGE

433071

eLi ENT OR DER No

I

REPOAT DATE

ANALABS

REPORT NUMBER

ANALYTICAL DATA
A Division of I"cheap., Inspection and T85ling 5eNice AUSlralia Pty. Lid.

(

SAMPLE PREFIX

,.
,.,'

1) (',;

.'

21

20

! I,,~ ~ 08 071"" 08/06/90 I 9876
1

7 7L,..). ,.). • "-4-
OF

i
I rue:: I SAMPLE leu F'b Zn Ag Bc':\ As

I i
~o i No. i,

i 1
564"750

I
10 20 15 <0 II ~:l 20 <2

I I
i I ,

,
2

,5647:51
I

1:5 :5S 30 <0 .. 5 1:5
I

2 I I I
I I,

56475~~ 10 20 20 <0 .. 5
,

:'\0 I <2 i ,,
2 I , ,

I
!

,
,

I:' -. r."~ ,.,
" .. " r. .,' .-. i

I
I
1
1
1
1
1______,:=-'..,.6,.,4"'7;-;':_'->::---____,--..,.1,.,5:-'--...,,,...,(:_)~_ __;~:_.. (=-)--+-"7"0;:--"-;;;.'---;-__..,.1-;:0____,---..."'.~:-" ---'- _

I,
'i---;;-;==-;--__;--=,-i----:;="--i---:;-;O;-;c-+---:7;c--;;--'---==--,--____,,..,,----;-----------

I~~~--'-----::-;:-~~___..,._;o-+---:=_=_'-------,~-=---:...--_---

I----;o-~-----,,--..,.--~~~~--:=---~

1
------.,..,....,.=>T..,--------,-,..-'---""""-L-~,..-'--......".-".--"',..---"""'--'-----'------

I-~~---.",.--...".......;______:;_;:_~,....-;o--~"._____--=-----

I------,-----------,-----------,------------,-------~-

1 ,-------+-------,-------,--------,---,----

1-.-,---------,------------

1_'_9-----,-__-+-----+---,--------------,----

1-------------'-----'---------------'-----

LJNI'r"'

I i,'__,-,-_.,__--..===-,-- __",P",P,.,"-'-+--."P..,':;-:"";-i--",P",P,.,"-'-+-_."p..,P;-:';-I-'-_...,P"'~"'·":_"__;--~"')"P"''''____,-----------
"IETHOD '"j()l ·'10:1.

1

•
~e'5ults In ppm unless mnp.rwise speclf'ed
r = ~iemenl present: ~ul concemrat,on TOO iow fO me.l:;ur~

"'~~T~"r:; .·'1,:",r~rr.l11(Jn 'S I)eluw ,1,'lflC:', r1 ;,mll

;1~mp.I'1 .I(J:.ielermmeu





Aberfoyle ReSO(.ll~ces Limi"te(j
Exploration Division
F' II 0.. Bo x <.? ::.\~::

Bur-n :i.e T.c:\sman :l(:\ 7~320

I
i
I
I
I
I

.

No. OF PAGES
OF RESULTS

DATI'
REPORTED

No.
OFCOPIES

DATI' RECEIVED

11'/07/90

TOTAL No. OF SAMPLES

433073

PROJECT

RESULTS REQUIRED

AS,~F'

RESULTS

I TO I

IV. SCil/1.I14 &10 7/'
I

Nt
it-IRe- t:lR'U:'I/t.-#L 0f/..J7II7ltP

STATE OF SAMPLES ANALYSIS - PREPARAliON k;;o .1H/. 1i'EM#~IS- MffilOD

whole core WC perchloric ac:id Al cold acid (.,11I€HM~(~. atomic absorbtion AASI,.n, co,. SC hydrochloric acid A2 specific sulphide SS x-ray fluorescence XRF
cutting CU nitric acid A3 other mixed acids Ma spectrophotometry SPEC
cock Ro aqua regia A< alkaline attack AA colorimetry COL
soil SO nitric-perchloric AS volatilization va chromatography CHR
pulp PU HFmixlure A6 ignition IG titration TTN

lwa~r WA HF under pressure A7 pressed POWdM (XRF) P. other chemicals means ~CHEM

tlslue TI fusion AS glass fusion (XRF) GF miscellaneous !MISC
stream sediment 55 fluorescence ' ·r FLUOR
heavy mineral HM inductively coupled plasmo. ICP-

:I. ~:jO/07 /c;o :I. I I 12 I, ~.

~~5 PRE·TREATMENT ANALYSIS

. .
""'ERITR ........ PIlL- REfEltTO

ow NU...... DR. OIU>N SPlI1'
VERISE ~EVE SE' NON' ANA~VSI5 PREPARATION MEi'-........, 5EClION

I Various PU P e!J: 01 K2DIl04

Various PU P .0: 01 K2D/I04

I lJarious PU I 5n,Rb/40LF/129

I
VariDus PU 5n.Rb/401,F/129

i
RE;IMRKS

I I~ " t1 (0 Bom"ro"'d
RC5Ut.'15RESULTS Ab(-?FTO>t .1.(0:.) F~('2~~()U r" CE''!:1 i._tm:!. t,::::-o::!

Ex IJ 10 1""<:\ tic)'11 D:J.'.,):i.~:;:i.DI'l

9.i7l!tc;D
I

TO I:'" ()" Box ~? ~.:.'t~~~ By ~/l
Bu 1""1"'1 :i. e Ta!5rn.An ii:\ "73:;-~O

tlSfp
!I

I

•
AUTHORISED OFFICER~
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. ANALABS . (
( \ Oivision 01 Incncape Inspection and Tesling services '-usuali. Pt)t lid.

ANALYTICAL DATA

433074

,

II
I·....Rb

.~-) ~::57 ~)()O

........ :I. ~:.:1·7 I :'.l()"'.,.)

<~':) ~:::~? 66()

I
..... •·... ··.'(:l /'/)0'.' .<•••(....

I. .C

I
.I. ·::l.l. , t·lO

I
r:: ·;·;~:I.4 :JbO

I
-.. '

.q 2;'71 ~") I'. ,)(

(,

I
3:;~9 ~::~~O()

:":')

I
t ~':~ ~~ ~3~';~O

<~':) , 1. 77 ()bO

j' ~.:.~ i;-~ i ~;:bO 6')(;-

I
.,
-,,) 2l~~-:~ lOOn I

Sn

~I .. .l.q I
I

I
·1

~:l,,62

B .. 61

5 .. "70

1<2lJ

I ~;:,b'4"?79

I

,

: l~B::;;:)'9 !,:.l
,

2

3

.1

J

"
•~G

.~

I
I ..

0

I ...
, .

I
~

"'20

I ~G

...

I

•..

0 .. 0:1.

Resuits in ppm unless oll"lerwise specified
T ~ element present: our concentration too low TO measure
X r'l~mf'!n' ,.:anCel1lraIIOn ,s ~elow r1eleCflun Ilm,l
- '= elemenl 1"101 determlneoI

1.J1~ 1 T':; i
I~ETH(JO I

..... npm i ppm npm:

'UT..ORISEQ rJ. .... Jr ... <.
QFFICER~

•



1 433075

I·

1

..
vi <1

" 'C'I"HlS REPORT MUST BE READ IN CONJUNCTION. WITH THE ACCOMPANYING ANALmeAl, DATA

ORDER No. PROJECT

RESULTS REQUIRED

I

DATE RECEIVED

t'.... '---

TOTAL No. OF SAMPLES

II

No.
OF COPIES

DATE
REPORTED

Abe~-fay12 R9s;31~rc2s Ll;illt2i:~

E,:pla~-2tiGr~ Dl'Jisl~n

r;- ~ U.. Dc;-; ()~}~:~

No. OF PAGES
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CO-ordlnates sample No: eu Pb Zn Ag Au Ae Ba Cr Zr Tl

c::::
'--..l«JRTH SELINA

385530 5366662 482710 160 140 220 1.0 0.010 30 280 25 190 2150

386463 5364861 482729 20 340 280 X 0.013 X 1500 X 260 1850

386656 5365825 482749 100 185 3050 1.0 X 6 570 20 170 760

386717 5365804 482790 405 335 160 0.5 0.010 X 1000 40 210 2200

386210 5364930 482957 65 1900 6900 II 0.110 120 700 15 110 2700

385849 5364942 482972 425 170 65 1.5 0.032 45 780 9 280 1700

386656 5365825 482986 250 555 7900 3.0 0.019 45 620 45 170 1550

BEATRICE
7832 7000 564351 105 370 605 X 0.011 20 380 240 2100

6653 6708 564459 180 170 335 X X 50 190

6649 6720.4 564464 260 240 225 0.5 0.010 1350
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SUMMARY

Exploration samples from the Lake Margaret E.L containing

between 150 and 1600 ppm Pb have a narrow range of Pb isotopic

compositions consistent with derivation from Cambrian

hydrothermal fluids.

The variation that is apparent, especially in the

206pbj204pb ratio of the lowest Pb samples is probably a result

of in situ addition of radiogenic Pb since the Cambrian and thus

all samples probably had similar initial Pb isotope ratios.

There is a slight possibility that the variation indicates

the activity of more than one cambrian hydrothermal event.

However, insufficient evidence is available to indicate whether

one of these events may have been associated with the intrusion

of the Murchison Granite, rather than being volcanogenic in

origin.

1
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1. AIM

A total of 10 exploration samples from the Lake Margaret

E.L. to the north and east of Queenstown have been analysed for

their Pb isotopic composition with the aim of determining their

likely metallogenic association. In addition to discriminating

between Cambrian and Devonian mineralizing events, it is

pertinent to consider the possible effects of Cambrian granitoid

emplacement especially in the group of samples from around Mount

Selina.

2. SAMPLES

Seven samples were obtained by Danny Noonan during a creek

mapping program in the area to the north of Mount Selina and an

additional 3 samples were taken during a grid mapping program to

the east of the Beatrice lava dome. Brief sample descriptions

provided by Danny Noonan are presented in Table 1. All samples

were provided as pulps.

3. METHODS

About 0.15g of each pulp was digested in a 1:1 mixture of 7N

RN0 3 and 7N HCl acids in Teflon beakers. Lead was separated by

anion exchange techniques in dilute HBr solutions and purified by

electroplating onto Pt electrodes. Lead isotope ratios were

determined on a VG ISOMASS 54E solid source thermal ionization

mass spectrometer run in fully automated mode. Precision

estimates, representing 2 standard deviations about the mean of

over 1000 analyses of international standards and natural

samples, are shown in the upper left hand corner of the following

diagrams.

Although geochemical data were provided, it was decided to

check Pb concentrations since some of the samples contained

2
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.lvi.
relatively low amounts (140 ppm). These were measured by isotope

dilution by adding a known amount of 202 pb spike at the initial

dissolution stage.

4. TARGET SIGNATURES

The signatures of major Cambrian VMS mineralization at

Rosebery, Que River and Hellyer are presented in Figures 1 and 2.

The heavy dashed line is the average crustal Pb evolution curve,

or growth curve, of cumming and Richards (1975). The Rosebery

signature is very homogeneous and includes other deposits in the

region such as Hercules and Koonya. In contrast, the Que River

and Hellyer signatures have slightly higher and more variable

206pb/204pb ratios. A simple explanation of these two apparently

different signatures is that they represent regional variations

in isotopic ratios related to the one major VMS metallogenic

event. The variation may be due to differences in the relative U,

Th and Pb contents of source rocks between localities of an

essentially contemporaneous event (e.g the differences between

the Central Volcanic Complex (Rosebery) and the Western

Sequence/basal Dundas Group (Que River, Hellyer)). Slight time

differences may be involved if, for example, the centre of

hydrothermal activity was migrating across the vOlcanic belt(s)

over the period of volcanic activity.

In some localities, for example Mt Lyell, Pinnacles,

and Lake Selina, both signatures are present indicating that

sulfides were deposited from two hydrothermal systems containing

Pb with different isotopic compositions. These systems may have

been operating essentially contemporaneously (e.g. Carr and

Gulson, 1984) or sequentially. In such cases, and where Cambrian

granitoids are also present, it is possible that one of the

3
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systems was associated with granite intrusion.

To discriminate which, if any, of these signatures is

associated with plutonic rather than vOlcanogenic processes an

assessment is required of:

1) structural, textural and petrological differences

between deposits, or samples within the same deposit, which show

the different signatures;

2) The Pb isotope systematics of the Murchison granite

compared with unaltered Mt Read Volcanics.

At this stage, insufficient evidence is available to draw

conclusions concerning the significance of the two apparent Pb

isotope signatures in areas such as the Lake Margaret E.L. where

hydrothermal solutions may have derived from granite emplacement

as well as from volcanic processes.

5. RESULTS

The Pb contents of the samples as determined by isotope

dilution are given in Table 2 and compare closely with the AAS

results provided by Aberfoyle.

The Pb isotope results fall into two groups (Table 2,

Figs 1 and 2):

Group 1 Those samples which plot within the Rosebery 95%

confidence ellipse on the 207pbj204pb vs 206pbj204pb diagram

(482729, 749, 957, 986 and 564351).

Group 2 Those samples with higher 206pbj204pb ratios which

plot within or close to the Hellyer and Que River 95% confidence

ellipses. These samples tend to have lower Pb contents than Group

1 samples (Fig. 3).

On the 208pbj204pb vs 206pbj204Pb diagram (Fig. 1), the

samples in Group 1 have higher 208pbj204pb ratios than Rosebery.

4
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6. DISCUSSION

The results confirm that the Pb in all samples probably

derived from Cambrian hydrothermal activity. There is no evidence

of Devonian mineralization. However, as was discussed in section

4, drawing distinctions between VMS-related and granite-related

mineralization is not straightforward.

The distinction between the two groups of data may be

related to different hydrothermal events, or it may be due to

radiogenic addition of 206pb , 207pb and 208pb since the Cambrian,

which is only apparent in the low Pb samples of Group 2.

In other datasets from the region there is a threshold Pb

content, above which the majority of samples have a homogeneous

Pb isotopic composition which represents the initial ratios, that

is the ratios at the time of formation in the Cambrian. The

thresholds for Que River and Hellyer are in the range 80-150 ppm

Pb, but those for mineralization at Lake Selina, Red Hill and

Henty Fault Zone tend to be less well defined and higher (approx.

500 - 1000 ppm). This almost certainly results from variable, but

generally higher, U contents of this mineralization.

Thus with the present data it is likely, though not

definite, that Group 2 samples had the same initial ratio as

Group 1 but their Pb isotopic composition has changed due to in

situ addition of radiogenic Pb.

The slightly elevated 208pbj204pb ratios of the Group 1

samples compared to Rosebery is of no great significance. Such

regional variations are not uncommon between even large VMS

deposits of the same metallogenic province.

There is an outside possibility that the two groups result

from different Cambrian hydrothermal solutions, but at this
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stage, isotopic evidence is not able to discriminate between

possible plutonic and volcanic processes. However, an assessment

of the geological relationships, if any, between the two groups

may help to resolve this complex problem.

7. CONCLUSIONS

Exploration samples from the Lake Margaret E.L. have a

narrow range of Pb isotopic compositions and appear to plot in

two groups both of which fall within the range for known

volcanogenic mineralization. The differences between the groups

probably results from in situ addition of radiogenic Pb in low-Pb

samples. Thus all samples probably had the same initial isotope

ratios which were very similar to the Rosebery signature.

There is a slight possibility that the two groups represent

different Cambrian hydrothermal solutions, but no conclusions can

be made as to whether plutonic processes were involved.

8 REFERENCES

carr, G.R. and GUlson, B.L., 1984. MUltiple lead sources in the

stratiform Lady Loretta Zn-Pb-Ag deposit, Northwest Queensland.

Geol. Soc. Aust., Abstracts, 12, Seventh Aust. Geol. Convention,

pp. 90-92.

Cumming, G.L. and Richards, J.R., 1975. Ore lead isotope ratios

in a continuously changing Earth. Earth and Planet. Sci. Letts,

28, pp. 155-171.

6



7

TABLE 1. Brief sample descriptions as privided by Danny Noonan.

Sample 482729 is a sample of pervasively sericite altered ash
volcaniclastic from an outcrop within the Anthony River.

Sample 482957 is a sample of a sulphide clast hosted within a
volcaniclastic to the east of the main Selina alteration zone.

433106

Sample 482972 is an intensely sericite, silica, pyrite altered
sample taken from within the main Selina alteration zone.

Sample 482790 is a sample of breccia volcaniclastic with
pervasive chlorite alteration and disseminated pyrite from
within Red Hills Creek, the sample was taken from an outcrop
approximately 100m downstream from sample 482986.

Sample 564459 is a sulphide clast, somewhat oxidised to
haematite formerly hosted within a breccia volcaniclastic.
Sample 564464 is a sample of breccia volcaniclastic.

Samples 482986/482749 were taken from an outcrop of sericite,
pyrite altered rhyolitic lava within Red Hills Creek.

Sample 482710 is a ash volcaniclastic with pervasive sericite
veins and lesser magnetite pyrite veinlets taken from an
outcrop at the junction of Red Hills and Quinn Creeks. The
mineralisation is possibly associated with the intrusion of
the Murchison Granite.

Sample 564351 is a sample of dacitic lava which has under gone
pervasive chlorite alteration and has minor disseminated
pyrite throughout.

lUJ
I
I
I
I
I
I

•

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



433107

208 Pb Pb(ppl)
2li41ifi

207 Pb
2li41ifi

\

207 Pb
206PIi

20Ub
206PIl

5aBple

1 482710 2.0825 0.8509 18.351 15.615 38.215 153
2 482729 2.0843 0.8530 18.267 15.581 38.073 ~'l8

~\lo.-3 482749 2.0870 0.8542 18.273 15.609 38.136 181

4 482790 2.0841 0.8523 18.303 15.600 38.145 330 ~
5 482957 2.0876 0.8549 18.261 15.612 38.121 1,600
6 482957RLD 2.0882 0.8549 18.262 15.612 38.135 1,600
7 482972 2.0810 0.8509 18.334 15.600 38.153 175
8 482972R 2.0811 0.8509 18.332 15.599 38.151 178
9 482986 2.0887 0.8547 18.274 15.618 38.169 510

10 564351 2.0887 0.8549 18.260 15.610 38.139 400 ] ~~~11 564459 2.0724 0.8483 18.385 15.596 38.101 172
12 564464 2.0820 0.8504 18.364 15.618 38.234 250

RLD =Reload of same dissolution.
R= repeat analysis

TABLE;L. LEAD CllKCOOiATIONS AJID Pb ISOTOPE RATIOS OF SAlIPLES.
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FIGURE 1 A 20B pb/204 pb vs 206pb/204 pb diagram showing the' Pb isotope ratios of
Lake Margaret samples in relation to the 95% confidence ellipses for Que River,
Hellyer and Rosebery. Also shown is the growth curve of cumming and Richards,
1975.
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FIGURE 2 A 207 pb/204 pb vs 206pb/204 pb diagram showing the Pb isotope ratios of
Lake Margaret samples in relation to the 95% confidence ellipses for Que River,
Hellyer and Rosebery. Also shown is the growth curve of cumming and Richards,
1975.
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A two-loop, 28 line-km UTEM survey was completed over the Lake
Beatrice prospect on the Lake Margaret licence in January 1990.
Although the survey defined a number of weak formational
conductors, no conductors indicative of significant accumulations
of are were detected.
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1. INTRODUCTION

The Lake Margaret exploration licence, 5/85, covers an area
of 140 km2 north and east of Queenstown extending from
south of Mt Sedgwick to north of the Red-~lIls (Figure 1).

MI-I_/('i

The Lake Beatrice prospect is situated south and southeast of
Mt Sedgwick in the southeastern parts of the EL. The
geological setting of the prospect consists of a haematite ­
magnetite stockworked rhyolite dome flanked by
volcaniclastics and shale (McNeill, 1989). Sphalerite-rich
fragments and disseminated sphalerite and galena occur in the
volcaniclastics. The area had not previously been surveyed
with UTEM.

Although the Lake Beatrice prospect is located only 6km from
Queenstown, land access is difficult and the exploration
program required helicopter support. The exploration grid
was established in December 1989/January 1990.

This report presents the results of a two-loop UTEM survey
conducted on the Lake Beatrice prospect in January 1990.

2 • UTEM SURVEY

The UTEM survey was carried out by Lamontagne Geophysics
(Australia) Pty Ltd using UTEM-III instrumentation in the
period 18/1/90 - 31/1/90. The two-loop, 8 line survey
acquired 28 line-km of HZ component data spaced at SOm.
Because of the considerable cover of Owen Conglomerate in the
prospect, both in-loop and out-of-Ioop readings were taken to
account for a variety of conductor positions and geometries.

The survey layout and coverage are shown on Plate 1.

3. RESULTS

The interpretation of th~ UTEM survey is indicated on Plate
1. The survey failed to detect a response directly
attributable to sulphide mineralisation. A number of
forrnationals or conductive masses contained within
stratigraphic units, were defined. These features may be
used to extend known geological boundaries.

Field checks indicated that much of the survey was conducted
over host rocks with resistivities estimated to be in excess
of 1000 Ohm-m. This environment would have increased the
penetration depth of the UTEM system, enabling detection of a
Hellyer-sized target to depths of approximately 600m.
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4 . CONCLUSIONS AND RCOMMENPATIONS

The UTEM survey defined several formational
conductors but did not identify a target warranting
further investigation. No further geophysical work
is recommended on the basis of the UTEM program.

5 . REFERENCES

McNeill, A. W., 1989. Lake Margaret EL 5/85.
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Report Number Lake Margaret 2.
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For point normalised plots:

reference = channel 1
base = primary field (total) at reading

station

reference = channel 1
base = primary field (total) at reference

station

.1.. I~ .. U

0.037
0.074
0.149
0.298
0.596
1.191
2.383
4.766
9.531

19.06
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End (ms)

x 100%

0.028
0.056
0.112
0.223
0.447
0.894
1. 79
3.57
7.15

14.30

Centre (ms)

0.019
0.037
0.074
0.149
0.298
0.596
1.191
2.383
4.766
9.531

channel - reference
base

Start (ms)

NOMINAL TIME WINDOWS
(for a base frequency of 26.23 Hz)

UTEM DATA PLOTTING SPECIFICATIONS

10
9
8
7
6
5
4
3
2
1

For continuously normalised plots:

All channels plotted as:

Channel No.
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Attachment:

Sample No:

561975

561976

561977

561978

561979

561980

561981

561982

561983

561984

Depth

57.7m

72.7m

106.0m

130.2m

199.2m

240.3m

262.35m

310.3m

322.65m

352.15m

433208

DOH RH-18

Logged. Description

Quartz-feldspar porphyry-Tyndall Group.

Sheared rhyolitic lapilli volcaniclastic­
Central Complex.

Ash volcaniclastic.

Sheared quartz-phyric lava.

Andesitic-dacitic lava-pepperitic.

Andesitic-dacitic lava-massive.

Andesitic-dacitic lava-massive.

Ash volcaniclastic.

Polymict lapilli volcaniclastic.

polymict lapilli volcaniclastic.
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PETROGRAPHIC REPORT

ROCKS FROM RED HILLS PROSPECT DOH RH-18

FOR ABERFOYLE RESOURCES LTD

attn ANDREW McNEILL

by

Anthony J. CRAWFORD
Geology Department

Uni of Tasmania
16/12/89
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433210

SAMPLE NUMBER: 561975

SUMMARY:
This is a weakly foliated, strongly sericitic quartz-phyric

rhyolitic lava with a notable absence of feldspar phenocrysts,
and is almost certainly Tyndall Group.

HAND SPECIMEN:
This is a pale grey, quartz-phyric felsic volcanic or shallow intrusive

rock with a weak foliation defined by sericite.

THIN SECTION:
This sample is clearly either a rhyolitic lava or rhyolitic

dome-plug/shallow dyke intrusive rock. It consists of about 5-8 modal %
of quartz phenocrysts that range up to at least 4mm across. These are
generally entire, euhedral to subhedral, and frequently somewhat resorbed
and reacted around their margins. Many contain devitrified small melt
inclusions that have partially crystallized to quartz and albite (?). The
sample is most unusual in that it shows no evidence at all for the former
existence of feldspar phenocrysts. A few small almost prismatic
sericite-rich areas streaked out into the foliation may have been former
albite microphenocrysts, although this is by no means certain. FeTi oxide
microphenocrysts and mafic silicate phenocrysts were apparently not
present in this sample.

The groundmass of this sample is pervaded by a mesh of sericite that
defines the weak foliation present. The original texture of the groundmass
is very difficult to discern. I suggest that small domains of less altered
and less foliated groundmass have textures suggestive of relatively
fine-grained mosaic intergrowths of quartz-albite±sericite, typically
derived from crystallization of devitrified rhyolitic glass. Occasional
streaks of secondary quartz and intergrown hematite(?) parallel the
foliation. Chlorite and calcite are virtually absent in this sample.

The non-broken quartz phenocrysts and the relic groundmass textures
mentioned above suggest to me that this sample was unlikely to be a
rhyolitic crystal tuff, but rather that it was probably a rhyolitic lava or
shaliow intrusive. In my experience, shallow intrusives of broadly
rhyolitic composition often contain minor biotite, and have small
prismatic albite grains intergrown with anhedral quartz in the groundmass.
Since neither of these features are present in this sample, I suggest that
it was an extremely evolved rhyolitic lava. The mineralogy is certainly
more typical of Tyndall Group lavas than Central Volcanic Complex lavas.
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433211

SAMPLE NUMBER: 561976

SUMMARY:
This is a foliated quartz-feldspar crystal lithic tuff that has

undergone strong sericite-chlorite-calcite alteration. It could
be either Tyndall Group or Central Volcanic Complex.

HAND SPECIMEN:
This is a grey strongly sheared and foliated chloritic felsic lava or tuff

with distinct pink feldspathic (?) augen up to 2cm long.
THIN SECTION:

In thin section, this sample is clearly a former crystal lithic tuff. It
consists of around 5-8 modal% of dispersed angular fragments of quartz
crystals of clear volcanic derivation, and much less abundant albite
phenocrysts, FeTi oxide microphenocrysts and felsic volcanic fragments.
The quartz phenocryst fragments show occasional crystal faces and
common rounded, devitrified melt inclusions. Albite crystal fragments
probably form 1-2 modal% of the sample and are partially altered to
sericite. FeTi oxide microphenocrysts were slightly less abundant than
albite, and have all altered to chlorite-Ieucoxene-magnetite aggregates
that subsequently sheared out into black-speckled streaks up to 1mm long.

Former felsic volcanic fragments appear to be the component making up
the pink augen notable in hand specimen. Two of the three examples of
relatively large (>1 mm long) lithic fragments present in this section
appear to be aphyric, totally devitrified rhyolitic glass that has
crystallized as a very fine-grained quartz-albite-sericite admixture. It is
not possible with the textural reconstitution due to foliation development
whether these lithic fragments were pumiceous, or massive glassy
(obsidian) lava. The augen-shape of the fragments is obviously
deformation-related. The third lithic fragment present in this sample is
probably an epiclastic siltstone.

The groundmass of this sample is strongly sheared and foliated. The
foliation is quite intense, and discrete sericite-rich, and subordinate
chlorite-rich layers, as well as stretched fragments, define the foliation.
Calcite is common as tiny dpots throughout the sample, and as larger
streaks and trains that parallel the foliation.

This is a quartz-feldspar crystal lithic tuff of rhyolitic composition
that has suffered strong sericite-chlorite-calcite alteration and shows a
pronounced foliation. It could equally as well be Tyndall Group based on
the mineralogy, as Central Volcanic Complex.
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2~~ 433212

SAMPLE NUMBER: 561977

SUMMARY:
This is a weakly foliated quartz-feldspar crystal tuff that

lacks the chloritic alteration notable in the previous rock
(561976).

HAND SPECIMEN:
This is a fine-grained, foliated felsic lava or tuff with well-developed

minerogicallayering of darker bands and lighter, sericite-rich bands.

THIN SECTION:
This sample is very similar to the preceding sample, but differs in the

following respects.
1. This rock does not contain the large pink (formerly pumiceous?) augen
that were a notable component of the preceding sample. Lithic fragments
are present but are generally smaller than 0.5mm, and not very abundant.
2. This rock contains much more albite, mainly as broken crystal
fragments that are only slightly sericitized.
3. Chlorite is a very minor component of this sample

The groundmass of this sample is composed dominantly of
recrystallized fine-grained quartz and albite and is slightly foliated, with
bands of wispy sericite and trains of multi-crystalline calcite defining the
foliation. A second, poorly developed foliation crosscuts the primary
foliation at about 300 , and is also defined by weak sericite and minor
chlorite kinking out of the dominant cleavage direction.

This is a fine-grained rhyolitic quartz-feldspar crystal tuff that lacks
the strong chloritic alteration of the previous sample.
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SAMPLE NUMBER: 561978

SUMMARY:
This is a weakly foliated quartz-phyric rhyolitic lava very

similar to 561975.

HAND SPECIMEN:
This is a pale grey foliated quartz-phyric felsic lava or tuff with a few

narrow, cleaved calcite veins.

THIN SECTION:
This sample is a rhyolitic lava dominated by around 10 modal% of

euhedral to slightly rounded and reacted quartz phenocrysts that contain
small rounded melt inclusions and internal strain features. and fractures
filled with calcite and fine-grained secondary quartz aggregates. Former
FeTi oxide phenocrysts or microphenocrysts are more abundant than the
relatively uncommon partially sericitized albite phenocrysts, and have
altered to chlorite, granular magnetite and possibly leucoxene(sphene?);
they have been stretched into the foliation.

The groundmass of this rock is a fine-grained quartz-feldspar mosaic.
probably crystallized from devitrified glass, although recrystallization
associated with the weak foliation-forming event might be expected. The
foliation is defined by variably intense meshworks of sericite that pervade
the groundmass, and many quartz phenocrysts have well-developed
pressure fringes of sericite. One calcite vein let 2-3mm thick shows
pronounced recrystallization in the foliation direction as curved elongate
blades. Chlorite is a very minor phase in this sample.

This is a quartz-phyric rhyolitic lava, that shows only minimal
difference from sample 561975, and therefore could equally well be
Tyndall Group as CVC.
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433214

SAMPLE NUMBER: 561979

SUMMARY:
This is a weakly foliated, formerly glassy plagioclase-phyric

dacitic lava that has suffered fairly strong calcite-sericite ±
chlorite alteration, and developed a very heterogeneous-textured
quartz-albite groundmass.

HAND SPECIMEN:
This is a grey-green mottled (pepperitic?) weakly foliated felsic

volcanic with paler grey sericitic patches up to a cm across.

THIN SECTION:
Beyond being fairly sure that this sample was originally a

plagioclase-phyric dacitic volcanic (lava or tuff?) , this is a difficult
sample to diagnose with certainty. It consists of single crystals and
crystal clots of euhedral, rather ragged-edged albite up to 2mm long that
make up about 2-4 modal% of the rock, set in a very altered and
recrystallized groundmass. FeTi oxide microphenocrysts were not
uncommon, and have altered to magnetite-chlorite-calcite-sphene
intergrowths.

The groundmass of this sample is exceptionally heterogeneous in
texture and difficult to interpret. Besides a strong calcite overprint and a
weak sericite-defined foliation, the groundmass shows rapid changes in
grainsize over short distances and a very patchy texture of fine- and
somewhat coarser-grained granular mosaic textures dominated by quartz
and albite. Boundaries of coarser-grained domains are mainly diffuse and
gradual, and do not appear to be as sharp as would be expected if the
coarser areas represented lithic fragments. Calcite is abundant as
irregular coarse-grained patches and veinlets, as well as small rhombs
scattered through the groundmass and in albite crystals. A few large
crystals of pyrite are associated with the calcite. Chlorite is relatively
common in this rock, as streaks along the weak foliation, mainly
intergrown with sericite.

I think that this rock was a glassy plagioclase-phyric dacitic lava,
although I have no idea why the devitrification and foliation-induced
(re)crystallization should have produced such a heterogeneous texture. The
relationships of this sample with surrounding rocks might be informative.
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SAMPLE NUMBER: 561980

SUMMARY:
This rock was a glassy, sparsely plagioclase-phyric dacitic

lava that has a heterogeneous groundmass texture formed by
blebs of secondary quartz crystallizing from a dusty
quartz-sericite-calcite matrix.

HAND SPECIMEN:
This is a massive dark grey, altered plagioclase-phyric dacitic lava

with calcite veinlets but no apparent foliation.

THIN SECTION:
This is a relatively sparsely plagioclase-phyric dacitic lava with

around 3-5 modal% of plagioclase phenocrysts set in an altered and
recrystallized groundmass. The plagioclase phenocrysts are mainly fairly
blocky, ragged-edged prisms, less than 1mm long, often gathered in
mUlti-crystal clots, that are partially altered to fine-grained sericite and
small pools and spots of calcite. Former FeTi oxide microphenocrysts are
not uncommon, and are altered to aggregates of fine-grained magnetite,
chlorite, sphene(?) and possibly quartz. Mafic silicate phenocrysts were
absent from this sample.

The groundmass of this rock is highly altered and recrystallized, with a
rather unusual texture. Although it is difficult to say with certainty, it
appears to have been a very glassy-rich groundmass that has devitrified
and recrystallized extensively, producing a rather unusual texture that
resembles at first glance an epiclastic sediment or crystal tuff. The
groundmass is dominated by discrete ragged patches and blebs of clear
secondary quartz averaging around O.2mm across, that look like detrital
grains at first. Between these is a dusty matrix composed of fine-grained
quartz and albite extensively replaced by sericite and calcite. Pale green
chlorite forms a few tiny patches and discontinuous vein lets, but is
volumetrically insignificant. A few calcite vein lets transect the sample.

This was certainly a plagioclase-phyric dacitic lava; it probably had a
glassy groundmass that has devitrified and recrystallized in a rather
patchy, heterogeneous manner relative to the usual uniform quartz-albite
mosaics replacing glass in MRV dacites.

433215
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SAMPLE NUMBER: 561981

SUMMARY:
ThiS is a formerly glassy almost aphyric dacitic lava that

has the same unusual groundmass recrystallization texture as
the preceding rock.

HAND SPECIMEN:
This is a dark grey massive aphyric dacitic lava with a faint

suggestion of a cleavage.

THIN SECTION:
Although this rock is unlikely tobe from the same flow unit as the

previous sample, it is very similar in most respects, especially with
regards the unusual-textured groundmass. The major difference from the
preceding sample is that this rock is almost aphyric. It contains less than
1 modal% of sericitized plagioclase phenocrysts that are difficult to
discern from the altered groundmass. Also, this rock contains at least 10
relatively large zircon euhedra not noted in 561980.

The groundmass of this rock is essentially identical to the previous
sample. It was almost certainly glassy and devitrified, bur has
crystallized to an unusual texture that resembles a crystal tuff. Abundant
small blebs and patches of secondary quartz, many of which are compound
grains with diffuse extinction, are scattered through a sericite+calcite-

, dominated matrix. The sericite forms wispy trains that define a very weak
foliation, not shown in 561980. Small patches and streaks of calcite are
distributed throughout the rock.
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433217
SAMPLE NUMBER: 561982

SUMMARY:
This sample was a relatively fine-grained crystal-poor tuff

or epiclastic siltstone that has suffered a strong
cleavage-producing event in a high-strain zone relative to the
previous few rocks in this set. It is strobgly sericitic and
contains a late- or post-cleavage vein let dominated by calcite
and sphalerite.

HAND SPECIMEN:
This is a pale grey banded and foliated fine-grained tuff or epiclastic

sediment.

THIN SECTION:
This sample is a crystal tuff or fine-grained epiclastic sediment that

has a quite strong fine-grained foliation. Occasional narrow bands «2mm
thick) containing relatively abundant crystal fragments of albitized
plagioclase to about O.5mm across are set in a much finer-grained matrix
that contains sparse, generally smaller albite fragments in a strongly
cleaved sericitic matrix. Strongly flattened lenses of finely-crystalline
quartz-sericite-calcite-chlorite are quite common, and may be boudinaged
microlayers. Also paralleling the cleavage are:
1. microlayers of dirty brown leucoxene material, possibly produced by
concentration of less soluble FeTi oxides during dissolution associated
with cleavage development, and
2. microlayers dominated by abundant tiny cubic magnetite(?) crystals that
have undoubtedly crystallized during the cleavage-producing event. In the
thickest of these bands (-1 mm), magnetite euhedra are intergrown with
ribbon quartz.

A 1mm thick band that broadly parallels cleavage but crosscuts its
locally, and is clearly late- or post-Cleavage, is composed of more
equigranular quartz, minor magnetite (or pyrite?), fairly abundant
yellowish sphalerite and abundant calcite.
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433218

SAMPLE NUMBER: 561983

SUMMARY:
This is a weakly foliated, formerly glassy crystal-lithic tuff

of dacitic composition, dominated by albite crystal fragments
and dacitic lava and shallow Intrusive rock fragments. It
contains sphalerite in a calcite vein subparallel with the
foliation.

HAND SPECIMEN:
This is a mid-grey foliated volcaniclastic rock (tuff or epiclastic?)

containing some lithic fragments up to 3mm long.

THIN SECTION:
This sample is probably a medium-grained crystal lithic tuff. It is

dominated by angular crystal fragments of albite, only very slightly
sericitized, that average around O.5mm across. They are often partially
replaced by calcite. Altered FeTi oxide microphenocrysts are quite
common. Almost as abundant as the crystal fragments, but much less
easily discerned in the altered groundmass, are sand-sized lithic
fragments that are all of felsic lavas or shallow intrusive rocks. The
great majority of felsic lithic fragments appear to have been glassy
dacitic lavas that have recrystallized glass as albite-quartz mosaics. A
few lithic fragments have textures composed essentially of intergrown
stubby laths of albite and anhedral quartz; these are probably subvolcanic
dykes or plugs od dacite derived from the same source as the formerly
glassy lavas.

The matrix of this sample was either a welded glass or glassy ash that
has altered and totally recrystallized to a very fine-grained albite­
quartz-sericite mixture that is rather heterogeneous texturally. It is
pervaded by a mesh of sericite that forms a weak foliation. Minor amounts
of green chlorite are scattered throughout the rock, mainly streaked out
parallel to the foliation.

Calcite forms some veins up to almost 1cm thick in this sample, and in
at least one of these calcite is intergrown with yellowish sphalerite.

The lack of any sign of rounding on the albite crystal fragments and the
decidedly non-detrital appearance of the matrix of this rock argue that it
was a crystal-lithic tuff rather than an epiclastic sediment.



HAND SPECIMEN:

SUMMARY:

HAND SPECIMEN:

THIN SECTION:

433219

SUMMARY:

SAMPLE NUMBER:

SAMPLE NUMBER: 561984

HAND SPECIMEN:
This is a grey-green relatively coarse-grained polymict tuff or

epiclastic sediment that contains a diverse assemblage of lithic fragments
up to almost 1cm long, and abundant pinkish feldspar crystals mainly less
than 1mm across.

SUMMARY:
This is a relatively coarse-grained lithic tuff or epiclastic

sandstone derived from a dacite-dominated volcanic
event/terrain.

THIN SECTION:
This sample is essentially a slightly coarser-grained version of the

preceding sample. It is certainly richer in lithic fragments than 561983,
although the broad range of textures (and original lithologies) represented
in this fragment population is basically across the same range as for
561983. A few decidedly holocrystalline fragments composed of
interlocking elongate albite laths are almost certainly intrusive dacite
dykes. Many formerly glassy dacitic lava fragments show unusual
groundmass textures similar to 561980 and 561982, with small blebs of
secondary quartz growing in a dirty sericitic groundmass.

Sericite meshworks pervade parts of the section more strongly than
other parts, and define a very poorly-developed foliation. The matrix of
this sample was largely glassy and has extensively altered and
crystallized as fine-grained albite, quartz and sericite. It is extremely
difficult to decide whether this rock was a lithic tuff or an epiclastic
sediment. The implications of either are so similar that it probably
doesn't matter. The main point is that it is derived from dacitic volcanism
probably more explosive, but otherwise similar to that which yielded the
dacitic lavas such as 561980 and 561981.
SAMPLE NUMBER:
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PETROGRAPHIC REPORT

For Aberfoyle Resources Ltd
(attn Danny Noonan)

Rocks from Beatrice lava dome

by

Anthony J. Crawford
Geology Department

Uni of Tasmania
26/6/90

TC 40
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433221

SAMPLE NUMBER: 564322 LOCATION: Beatrice 387002E 5346455N

SUMMARY: This is an unusual textured former highly glassy
aphyric felsic lava that has suffered intense silica-chlorite
(±pyrite) alteration and subsequent oxidation (weathering?).

HAND SPECIMEN: Tyndall Group: This is a red-pink felsic lava breccia or
'false breccia' with intense silica· chlorite-hematite alteration.

THIN SECTION:
This is a strongly silicified originally phenocryst-poor, highly glassy

felsic lava (obsidian) in which the primary texture has been all but
obliterated by post-eruption recrystallization and silicification. A few
suggestions of the former presence of quartz and perhaps feldspar
phenocrysts are present, but these are indistinct, and overprinted by
silicification. The dominant feature of the sample is a most unusual
texture composed of packed subspherical 'cells' or 'ovoids' of silica
averaging around O.5-1mm across, closely intergrown, and separated only
by thin partitions of brown oxidized chlorite. Many of these ovoid bodies
have a core of clear quartz, then pass out into a rim of 'dirty' quartz packed
with tiny chlorite inclusions. Quartz within each 'cell' looks very like
mosaic-textured quartz growing from devitrified felsic glass, and I am
sure the primary matrix of this sample was highly glassy. Tiny quartz
veinlets crosscut 'cells' and local spots of granulation and subgrain
recrystallization are common. Clots of green pleochroic chlorite are
common, some as large as 3-4mm across. These sprout off veins into
adjacent quartz 'cells' and often occur with abundant intergrown small
pyrite cubes, many of which are oxidized to bright red translucent
hematite or goethite. Much of the chlorite, particularly where it is less
modally 'intense', is oxidized to reddish-brown clayey material that grades
into hematite-goethite and gives the rock its colouring.

Although the unusual texture of this sample could possibly be due to
it having been derived from a vitric lapilli tuff, the intensity of
recrystallization and quartz-chlorite overprinting suggests to me that any
primary texture has been obliterated, and that the sample was probably a
very glassy felsic lava. This is a strongly silicified and chloritized felsic
glassy lava.
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433222

SAMPLE NUMBER: 564330 LOCATION: Beatrice 387568E 5346200N

SUMMARY: This is a feldspar+quartz+apatite+zircon+rare
biotite-phyric dacitic to rhyolitic lava that has suffered quite
strong chlorite overprinting with associated weak disseminated
pyrite mineralization. It is related to 564340, 564451 and
564491.

HAND SPECIMEN: (CVC) This is a dark green chloritized felsic lava with
abundant holes and reddish spots filling sites of former disseminated
pyrite grains.

THIN SECTION:
At first glance, this sample appears to be a monomict lava breccia,

but careful examination shows the brecciated texture to be almost
certainly a 'false breccia' texture due to alteration. This rock was a
feldspar+quartz+apatite+rare biotite+zircon phyric dacitic to rhyolitic
lava with a formerly glassy groundmass. The feldspar phenocrysts, that
make up probably less than 1 modal% of this rock, are small stubby prisms
of albite speckled by sericite. Quartz phenocrysts are not much more
abundant, but are much larger and rounded and reacted. Apatite
phenocrysts are relatively large, (to almost 1mm long) and quite common
(probably 1-2 modal%), and zircon microphenocrysts are also large and
quite common. Two crystals of chlorite-altered biotite were noted.

The groundmass of this sample was glassy, but has been replaced by a
ragged mosaic intergrowth of quartz and albite with minor sericite that
has been strongly overprinted by chlorite. Quite large pyrite euhedra
(mainly 0.5-1 mm across) are scattered throughout the chloritized
groundmass but show no relation to modal abundance of chlorite.

This sample is a chloritized dacitic to rhyolitic lava clearly related
to those other apatite-biotite-zircon-phyric lavas described above
(564340,564451 and W4,391). Is this a distinctly mappable unit?

~'f'11
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433223

SAMPLE NUMBER: 564338 LOCATION: Beatrice 387023E 5348625N

SUMMARY: This is felsic lava breccia probably formed by mass
slumping down the side of a submarine felsic volcanic edifice; it
is much less altered than most other samples in this set.

HAND SPECIMEN: (CVC) This is a grey polymict lava breccia with
fragments of felsic lava to at least 1em long.

THIN SECTION:
This sample is clearly a polymict lava breccia, and is composed of

angular to weakly rounded fragments of various formerly glassy felsic
lavas, mainly from O.5-4mm across. The fragments are not closely
intergrown, but separated by a silty to sandy matrix in which angular
quartz crystals and tiny lithic fragments are the only identifiable
components. Most fragments are composed of mosaic-textured
quartz-albite intergrowths after felsic glass; some are sparsely
quartz-phyric and were probably rhyolitic, others have sparse small albite
phenocrysts, and may have been more dacitic. The fragments are variably
recrystallized and sericitized, but almost always less sericitized than the
matrix, which was probably a glass-rich ash or reworked ash. Chlorite is
a very minor component of this sample, occurring as small disrupted
veinlets and occasional small interstitial patches.

It is difficult to say without outcrop evidence whether this sample is
a reworked felsic lava breccia (coarse epiclastic sandstone) or a mass
flow slumping directly off a felsic volcanic edifice; the implications are
essentially similar anyway. This rock is much less altered than most of
the preceding samples.
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433224

SAMPLE NUMBER: 564340 LOCATION: Beatrice 387027E 5347002N

SUMMARY: This is a quartz+feldspar-phyric rhyolitic lava that
has suffered deformation-related brecciation with associated
sericite alteration.

HAND SPECIMEN: This is an altered brown quartz+feldspar-phyric felsic
lava breccia with a few distinct fragment around 5mm across.

THIN SECTION:
This is clearly a brecciated lava or monomict lava breccia composed

of poorly defined fragments of quartz-porphyritic rhyolitic lava. Most
fragments are rather indistinct because of their originally very similar or
identical composition and texture, and also because of the effects of
devitrification of the largely glassy groundmass of the fragments.
'Fragments' consist on average of around 12-15 modal% of quartz
phenocrysts and somewhat less modal abundance of albitized feldspar
phenocrysts in a devitrified formerly glassy groundmass. Quartz
phenocrysts are often partially resorbed, but up to 3mm across, with
crystal faces often preserved. Almost all crystals have been strongly
fractured and disrupted internally, and show strained extinction. Albitized
plagioclase phenocrysts are blocky euhedra usually 1-2mm long that show
variable but mainly strong sericite alteration; sericite is often Fe-stained
and yellowish. A few small euhedra composed of green chlorite charged
with tiny FeTi oxides probably represent altered former biotite
microphenocrysts. A notable feature of this sample is the presence of at
least 25·30 relatively large and well·formed zircon grains, indicating that
this sample would be useful for ion microprobe dating of zircons in this
part of the evs.

Almost all fragments have rather heterogeneous textures developed
from albite-quartz mosaics after devitrified glass, with variable amounts
of clear, almost rounded quartz growing from the quartz in the devitrified
groundmass. The groundmass is extensively fractured and meshed by
yellowish sericite and minor chlorite and quartz. A few small patches of
intense chlorite development in angUlar fractures have associated
pyrite(?) grains growing in the chlorite, but this mineralization is
volumetrically insignificant.

The texture of this sample, especially the fractured and deformed
quartz phenocrysts, suggests that the brecciated nature of the sample in
thin section is probably deformation-related rather than a primary feature.
The abundantly quartz-phyric nature of this sample is more reminiscent of
the Tyndall Group rhyolites rather than typical eve lavas, but I believe
quartz-phyric lavas are being recorded with increasing regularity from
areas mapped as eve. It further emphasizes the poor distinction between
the Tyndall Group and the eve, and the need for revised nomenclature.



THIN SECTION:
In thin section, it is clear that this sample is an epiclastic sediment

derived largely from felsic volcanic sources. The large clast noted in hand
specimen, however, is a formerly holocrystalline intrusive dacite
composed of sparse quite large albite phenocrysts set in a medium-grained
crystalline groundmass of interlocking feldspar (albite) and much less
abundant chloritized augite, with abundant interstitial (primary?) quartz,
and yellowish chlorite.

The remainder of the clasts in this sediment are sand- to granule
sized and composed of diverse formerly glassy quartz+feldspar-phyric
rhyolitic and rhyodacitic lava fragments, many almost identical to the
previous sample (564340). As in the previous sample, the glassy
groundmass has devitrified and partially recrystallized to quartz-albite
mosaics variably overprinted by sericite webs and networks. The strong
variation in the extent of sericite alteration from clast to clast indicates
that the sericitization predates the deposition of the sediment. Pressure
solution has produced tightly interlocking boundaries between clasts,
although patchy chlorite alteration is common along clast margins and
commonly is laced with dirty red-brown oxidized fine-grained pyrite(?).
Chorite also occurs within clasts as dispersed flakes and small patches,
but it is not as abundant as sericite. Detrital discrete grains of quartz are
remarkably sparse. This is clearly derived from a felsic volcanic terrain
dominated by rhyolitic lavas
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SAMPLE NUMBER: 564341 LOCATION: Beatrice 387095E 5347004N

SUMMARY: This is a slightly sericite+chlorite-altered fairly
coarse-grained epiclastic sediment dominated by detritus from a
quartz+feldspar-phyric rhyolitic lava source.

HAND SPECIMEN: This is pale green chloritized polymict felsic lava
breccia or coarse-grained epiclastic sediment with one fragment (clast?)
at least 3cm diameter.

433225
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433226

SAMPLE NUMBER: 564351 LOCATION: Beatrice 387832E 5347000N

SUMMARY: This is a formerly highly glassy, almost aphyric
felsic lava that has suffered extensive sericite-silica (±pyrite)
alteration, with total disaggregation of the recrystallized and
silicified glassy groundmass to result in rounded quartzose
blebs in a sericite matrix.

HAND SPECIMEN: (eVC) This is a grey chloritic former felsic lava or tuff
with disseminated pyrite

THIN SECTION:
This is an extensively recrystallized and altered rock, the original

nature of which it is very difficult to determine with any certainty. It
resembles a detrital quartz-rich sandstone at first glance, but like sample
564467, careful examination shows that it is more likely to have been a
formerly highly glassy lava or vitric tuff that has been extensively altered
and texturally degraded. It is composed of subrounded blebs of
polycrystalline quartz immersed in a matrix of fine-grained foliated
sericite and less abundant green chlorite. The texture of the quartzose
blebs is essentially identical to the matrix of the previous sample and
probably it is partially disaggregated recrystallized glassy groundmass,
and partially silicified groundmass. The sericite forms a dense weakly
foliated matrix of this sample making up more than 40 modal% of the rock,
with intertitial green chlorite. Trains of tiny oxidized pyrite cubes occur
in the sericite m'ltrix.

This is almost certainly a formerly highly glassy, almost aphyric
felsic lava that has suffered extensive sericite-silica (±pyrite) alteration.
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433227

SAMPLE NUMBER: 564374 LOCATION: Beatrice 387254E 5346375N

SUMMARY: This is a coarse epiclastic sandstone to fine
conglomerate composed of fragments of felsic glassy lavas in a
silty to sandy groundmass derived fromthe same material; it is
fairly strongly sericite-altered.

HAND SPECIMEN: (Tyndall Group) This is a dark green weakly foliated
coarse epiclastic sediment with imbicated lava fragments up to several
cm long.

THIN SECTION:
This sample is very similar to sample 564338 described above.

Essentially, it is composed of a diversity of lava fragments of formerly
glassy felsic lavas. Most were sparsely quartz or quartz+feldspar-phyric.
Feldspar phenocrysts are always altered to sericite, and the groundmass of
all lava fragments has devitrified and recrystallized as quartz-albite
-sericite intergrowths with very variable textures. A few fragments were
clearly silicified before being incorporated into this sediment, and have
distinct sugary matrix textures; others appear to have been chloritized
before deposition in this sediment, as they contain many times more
abundant chlorite than samples that texturally appear to have been derived
from very similar lavas, but which are almost chlorite-free.

The matrix of this epiclastic sediment is composed of a silty
material containing abundant often partly subgrain recrystallized quartz
phenocryst fragments; it has been very strongly sericitized, with dense
meshes of sericite defining a fairly well-developed foliation. Small grains
of disseminated pyrite are present, but rather sparse, scattered through
the matrix.
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433228

SAMPLE NUMBER: 564380 LOCATION: Beatrice 386000E 5347143N

SUMMARY: This is an epiclastic sandstone derived from local
felsic volcanics with weak sericite alteration.

HAND SPECIMEN: This is a pale green and pink weakly foliated
volcanogenic sediment or felsic lithic crystal tuff with quartz and
feldspar grains or phenocrysts.

THIN SECTION:
This sample is almost certainly an epiclastic sediment derived from

glassy felsic volcanics. Most clasts in the rock are slightly rounded
sparsely quartz+feldspar-phyric formerly glassy lavas fragments in which
the groundmass has devitrified to very fine-grained quartz-albite specked
with chlorite. Albite and quartz phenocrysts are mainly less than 1mm
long and the albite is little altered. Many lava fragments show a
pronounced similarity of texture, suggesting that they may be derived from
a single eruptive event. A few clasts are coarser-grained, with larger
blocky feldspar phenocrysts and clearly derived from a different lava unit.
Also, discrete detrital crystals of quartz and albite are present but not
abundant, and are slightly rounded.

A fairly well-developed mesh of sericite pervades this sample,
defining a weak foliation. The matrix between clasts seems to be very
granulated in places, and probably reworked and recrystallized ash in other
places. Chlorite is unevenly distributed through the sample in small
patches overprinting groundmass/matrix.

This sample is probably an epiclastic sediment derived from local
felsic volcanic sources.



SAMPLE NUMBER: 564391 LOCATION: Beatrice 386575E 534700N

HAND SPECIMEN: (CVC) This is a brick-red felsic lava pervaded by a
fairly dense fracture network filled with hematite(?), quartz and chlorite.

SUMMARY: This is a formerly glassy aphyric felsic lava that
suffered hematite + Kspar(?) alteration during recrystallization
of the groundmass, and later quartz-chlorite-pyrite alteration
often as quartz-pyrite-chlorite veining.

THIN SECTION:
This is a texturally much better preserved felsic lava than many of

the preceding samples. It was aphyric and entirely glassy, with the glass
devitrifying and recrystallizing to a well-preserved mosaic-textured
quartz-albite(?) groundmass. The groundmass is full of totally altered
small bladed crystals of hematite that often only have goethite or limonite
rims preserved with the cores filled by sericite or chlorite. While these
apparently are responsible for the red colouration of this sample, there is
abundant dusty feldspar in the recrystallized groundmass that may be K
spar (it is too murky and fine-grained to be identified with certainty), and
this too imparts a pinkish colour to the rock. Chlorite occurs in two main
modes in this rock, firstly as quite large patchy masses overprinting the
groundmass, and secondly as angular fillings in quartz veins that pervade
this sample. The quartz veins make up about 15 modal% of the rock, and
grade outward into areas of groundmass that are clearly silicified relative
to the better-preserved bulk of the groundmass. Quartz veins often contain
abundant pyrite as disseminated tiny crystals. There is a clear association
between the quartz-chlorite and pyrite, and it post-dates the
hematite-Kspar(?) alteration.

4332292..; ,::.;
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

•



SAMPLE NUMBER: 564433 LOCATION: Beatrice 387540E 5346792N

HAND SPECIMEN: (CVC) This is a pale grey-brown monomict felsic lava
breccia or false breccia with thick dark brown hematite veins cutting the
rock.

SUMMARY: This is a coarse epiclastic sediment dominated by
fragments of felsic lava (to at least 8 cm long) in a matrix that
has suffered strong chlorite-hematite (goethite) alteration.

THIN SECTION:
This is an unusual sample in thin section. It consists of a layer

(flow?) lessthan Bcm thick of well-preserved felsic lava sandwiched
between two beds of chlorite-hematite altered epiclastic sandstone. The
latter are similar in that they are composed of sand-sized grains of
variably silicified and sericitized formerly glassy felsic lavas and less
abundant angular quartz phenocryst fragments in a matrix that has been
largely replaced by chlorite and then oxidized, so that yellowish-red
chlorite and hematitic or goethitic material dominates in the matrix.

433~30
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The exceptionally thin lava unit in between these sandstone beds is a
formerly glassy sparsely plagioclase-phyric dacitic lava. It is composed
of much less than 1 modal% of very small «O.5mm long) albitized
plagioclase phenocrysts set in a matrix made up of a quite strongly
sericitized fairly fine-grained mosaic intergrowth of quartz and albite. It
is cut by many fractures that are filled by red translucent hematite or
goethite, and single grains of altered pyrite are present in this rock,
although quite rare. I am certain that this was a lava and not a tuff;
therefore, this lava probably is simply a large clast in the epiclastic
sediment, rather than an exceptionally thin felsic lava flow.
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SAMPLE NUMBER: 564435 LOCATION: Beatrice 387542E 5346778N

SUMMARY: This is a formerly glassy aphyric felsic lava, slightly
autobrecciated, that has suffered moderate chlorite-quartz
-pyrite alteration.

HAND SPECIMEN: (CVe) This is a dark green chloritic felsic lava breccia
with disseminated pyrite.

THIN SECTION:
This is a slightly autobrecciated almost aphyric, formerly glassy

felsic lava that has devitrified to an even-textured very fine-grained
quartzo-feldspathic intergrowth flecked with unorientated greenish
yellow chloritic patches and streaks. Weak autobrecciation is evident in
places, with jigsaw-fit fragments separated by chloritic stockworks. A
few small anhedral clots of polycrystaline quartz may be recrystallized
quartz phenocrysts, although this is difficult to be sure about. Several
areas of the slide show recrystallization of small lava fragments to more
coarse-grained sugary quartz, suggesting local silicification. Quite large
(to almost 1mm) pyrite grains are disseminated sparsely throughout the
sample, and mainly have bright red oxidized rims. They are more strongly
associated with chlorite-secondary quartz domains than with less
fractured and recrystallized groundmass.

433231
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433232
SAMPLE NUMBER: 564451 LOCATION: Beatrice 387857E 5346803N

SUMMARY: This is distinctive formerly glassy plagioclase+
quartz+biotite+apatite+zircon-phyric dacitic lava with weak
silica-chlorite alteration, and strong affinities with samples
564491 and 564340.

HAND SPECIMEN: (CVC) This is a weakly foliated green-brown felsic lava
with strong chlorite development.

THIN SECTION:
This is a distinctive and texturally well-preserved dacitic to

rhyolitic lava with phenocryts of feldspar (approx. 5-8 modal%), quartz
(2-3 modal%), biotite (1-2 modal%) and apatite (<<1 modal%) set in a
devitrified glassy groundmass. The plagioclase phenocrysts are almost
entirely replaced by calcite and fine-grained dirty sericitic material, and
are up to 2mm long. Quartz phenocrysts are smaller and strongly reacted
and rounded, and often rather fractured. Biotite phenocrysts, up to at least
2mm long, vary from perfectly fresh (which is most unusual in the Mount
Read Volcanics) to being replaced entirely by green chlorite-FeTi oxide
aggregates. The apatite phenocrysts are large, euhedral and much more
abundant than usual in Mount Read Volcanics lavas; some are almost 1mm
long. Another notable feature of this sample is the abundance of relatively
large, euhedral zircon microphenocrysts, indicating that this sample would
be excellent for potential ion microprobe dating studies of these lavas.

The groundmass of this sample was clearly glassy. It has devitrified
to a very fine-grained quartz-albite mosaic in best-preserved areas.
However, strong modification of this texture by overprinting
quartz-chlorite alteration, and later calcite veining and patchy
replacement has produced a texturally variable groundmass. Calcite
veinlets cut the rock but are not abundant.

~
This distinctive sample is clearly related to samples 564:g'91 and

564340, in having biotite, and large apatite and zircon phenocrysts.
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433233

SAMPLE NUMBER: 564454 LOCATION: Beatrice 387754E 5346600N

SUMMARY: This is probably a former lapilli tuff composed of
glassy fragments of aphyric rhyolite that were flattened and
devitrified during compaction and deformation; it has suffered
mild chloritization.

HAND SPECIMEN: This is dark green chloritized felsic lithic vitric tuff
or (formerly) glassy volcanic-fragment rich epiclastic sediment.

THIN SECTION:
This sample is rather difficult to diagnose. It is clearly composed

almost exclusively of originally glassy aphyric felsic lava fragments,
mainly 2-4mm long. These have been weakly flattened and pervaded by a
mesh of sericite. Matrix between fragments is non-existent, and the rock
appears to have been composed of glassy lapilli fragments that have
suffered pressure solution impaction accompanying devitrification to very
fine-grained quartz-albite intergrowths peppered with sericite. Boundary
areas between many fragments show elongate and foliated green chlorite
concentrations, and often have small totally oxidized pyrite grains
enclosed within the chlorite.

This sample presumably reflects glassy lapilli of broadly rhyolitic
composition generated in a single eruptive event and deposited in water, to
be later compacted and devitrified. It is difficult to judge whether the
lapilli were water-sorted (ie. is this an epiclastic sediment or a lapilli
tuff?) before burial and compaction. The concentration of chlorite in this
sample is certainly greater than normally observed in rhyolitic rocks
within the cve, and implies some local hydrothermal activity producing
chlorite alteration.
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433234

SAMPLE NUMBER: 564455 LOCATION: Beatrice 387706E 5346600N

SUMMARY: This is a strongly but patchily hematite-altered
formerly aphyric glassy felsic lava or vitric tuff.

HAND SPECIMEN: This is very fine-grained aphyric formerly glassy tuff
or obsidian lava that has been strongly oxidized with intense hematite
alteration over part of the sample.

THIN SECTION:
This sample was definitely composed entirely of felsic glass that has

devitirified and been deformed to produce a clear foliation. The glass was
apparently aphyric, as no trace of former phenocrysts could be discerned.
No distinct fragmental or brecciated texture is evident in this sample, and
the degree of foliation development and chlorite-sericite-hematite
alteration has effectively obliterated any former clues as to whether this
rock was a rhyolitic obsidian or a vitric tuff.

More interesting is the alteration. Following devitrification of glass
to mainly fine-grained quartz-albite intergrowths, significant deformation
produced foliation and strong sericitization. Fe-staining of the sericite
(and chlorite) in this rock makes it difficult to distinguish chlorite from
yellow, Fe-stained sericite. Foliation planes are picked out by hematitized
sericite and chlorite. Pyrite crystals to about O.5mm are scattered
sparsely through the sample, generally with quartz pressure fringes; they
have been totally replaced by red translucent hematite. Patches of
fine-grained hematite occur in the paler coloured parts of the rock, often
defining stylolite-like diffusion fronts. However, large patches of the
rock are saturated by very fine-grained hematite that may be replacing
sericite, giving these areas dark red-purple colouration. Hematite veinlets
about O.5-2mm wide transect the sample, but not in abundance subparallel
to but clearly cross-cutting the foliation.

The sequence of alteration in this sample is probably sericite­
chlorite-pyrite accompanying foliation development, followed by later
hematite alteration
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433235

SAMPLE NUMBER: 564467 LOCATION: Beatrice 38774E 5346674N

SUMMARY: This is a former plagioclase+minor augite-phyric
dacitic lava that has suffered silica-chlorite (±pyrite)
alteration with production of a strange groundmass texture
resembling a detrital quartzose sandstone.

HAND SPECIMEN: This is greenish brown silicified felsic lava with very
thin veinlets of pyrite.

THIN SECTION:
This is a rather remarkable sample in thin section. Texturally, it

immediately appears to be an epiclastic sediment composed of
non-framework supported rounded quartz grains set in a very fine-grained
quartz-albite-sericite-chlorite matrix. However, careful examination
shows the presence of about 3-5 modal% of euhedral phenocrysts, including
totally sericitized blocky albitized plagioclase to about 2mm long, and
uncommon small chloritized mafic (probably augite) phenocrysts. In
addition, the apparently rounded quartz grains in this rock are not
subhedral volcanic quartz, but polycrystalline grains growing into rounded
aggregates. These quartz grains are better interpreted as secondary silica
patches growing from a silicified, devitrified formerly glassy groundmass.
Also present are thin apatite needles that would be most unlikely to have
persisted with this grain shape during sediment transport and deposition.
The rock is therefore interpreted to be a silicified dacitic lava, and not
adetrital sediment.

The groundmass consists of about 50 modal% of the rounded
polycrystalline quartz grains described above set in exceptionally
fine-grained quartz -chlorite mixtures. Green chlorite also occurs as
common rather rounded spots throughout the groundmass, and as streaks
and patches to several mm across sometimes associated with fine-grained
oxidized pyrite.

This is a dacitic lava that has been suffered relatively strong silica­
chlorite±pyrite a"eration, with the production of a strange groundmass
texture very reminiscent of a detrital sediment rather than a lava.

OPAQUE MINERALOGY: This sample contains sparsely disseminated,
inclusion-free and unaltered pyrite as small subidiomorphic grains
«0.5mm across), sometimes occurring as discontinuous tiny vein/ets. A
fibre quartz veinlet in a high-strain microshear contains aggregates of
tiny well-formed pyrite crystals showing very minor hematite a"eration
on their rims. No other sulphides were noted in this sample.
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433236

SAMPLE NUMBER: 564472

LOCATION: Beatrice 387631 E 5346749N

SUMMARY: This is formerly glassy, vesicular monomiet rhyolitic
lava breccia that has suffered strong silica-sericite ± pyrite
alteration.

HAND SPECIMEN: (CVC) This is a clayey, highly weathered grey felsic
quartz-rich lava breccia or epiclastic sandstone.

THIN SECTION:
This rock is a strongly sericitized formerly highly glassy, vesicular

felsic lava breccia. It is composed of indistinct fragments of mainly quite
vesicular lava, less than 2mm long, in which the rather elongate vesicles
have been filled by polycrystalline quartz. The originally highly glassy
groundmass of the lava fragments has altered extensively to rather
coarsely crystalline polygonal quartz patches and the remainder is
sericite. Disrupted small quartz veinlets are common, and the sample
contains quite abundant dispersed opaque mineral concentrations, probably
fine-grained pyrite; this is not associated with any particular style of
alteration (eg with quartz veinlets or with sericitized glass).

This sample was probably a vesicular monomict rhyolitic lava breccia
erupted explosively and subsequently strongly altered hydrothermally,
with silica-sericite alteration being most pronounced (although the rock is
not silicified).
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433237

SAMPLE NUMBER: 564481 LOCATION: Beatrice 387754E 5346558N

SUMMARY: This is an intensely chloriti:zed former felsic lava(?)
that has suffered total textural and minerlogical reconstitution
during strong chlorite-quart:z-pyrite alteration.

HAND SPECIMEN: This is a very strongly chlorite-altered fairly
fine-grained epiclastic sediment with relatively common disseminated
pyrite.

THIN SECTION:
The original texture of this sample has been effectively obliterated

by the intense chloritization. It is composed essentially of a complex and
variable intergrowth of bright green chlorite and quartz, with common
dispersed pyrite as individual grains and multi-crystalline trains. The
quartz varies from disaggregated and boudinaged former veinlets and
narrow bands, to tiny rounded multicrystalline grains similar in every way
to those in the previous sample (564467). There is minimal sericite or
albite in this rock. Chlorite occurs basically as the matrix in which the
quartz grains are dispersed, and constitutes at least 50 modal% of the
sample. Irregular rather elongate, narrow areas of very finely-crystalline
quartz with no interstital chlorite may represent local recrystallization of
quartz and dissolution of chlorite in some late-stage high-strain zones.
The pyrite occurs associated with both quartz and chlorite and occurs as
clusters of very small crystals that may reach 0.5-1 mm diameter across a
cluster.

Keeping in mind the extensive textural modification of the previous
sample during relatively weak silica-chlorite alteration, the original
nature of this sample, with intense chlorite-quartz alteration, can only be
guessed at. I presume it was a felsic lava, but the intense chlorite-quartz
alteration has produced total recrystallization and reconstitution of the
sample.
OPAQUE MINERALOGY:

This sample contains not uncommon disseminated pyrite as ragged
grains to about 0.6mm across mainly restricted to the altered matrix of
this rock. The pyrite grains are anhedral and commonly fractured and many
have volumetrically insignificant marginal attachments or overgrowths of
chalcopyrite that has partially altered to blue covellite. Many pyrite
grains show partial or complete alteration to hematite. The sulphides in
this sample are definitely associated with the strong chlorite-quartz
alteration, but are not going to be a big money-spinner for Aberfoyle.
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SAMPLE NUMBER: 564491 LOCATION: Beatrice 387703E 5347280N

SUMMARY: This rock is a strongly sericite-calcite-altered
crystal lithic tuff with notable biotite and quite large apatite
phenocrysts in addition to quartz and altered feldspar.

HAND SPECIMEN: Tyndall Group: This is a chloritized greenish felsic lava
or lava breccia.

THIN SECTION:
This is a strongly calcite-sericite altered felsic lava breccia or lithic

crystal tuff. It has a texture that is so overprinted by sericite-dominated
alteration that it is difficult to judge with certainty whether it is a felsic
lava breccia, a felsic lava with a false breccia texture due to alteration, or
a felsic crystal lithic tuff. Poorly defined lava 'fragments' are devitrified
rhyolitic lava with quartz, and altered feldspar and biotite phenocrysts in
a mosaic-textured quartz-albite matrix. Several fragments have a weakly
banded texture and angular, broken phenocrysts of quartz, and strongly
resemble crystal lithic tuff. Very sudden changes in groundmass texture,
and areas with and without biotite phenocrysts, lead me to conclude that
this is probably a rhyolitic crystal lithic tuff. This sample has two
unusual features; firstly, biotite phenocrysts altered to distinctive
book-shaped aggregates of chlorite and FeTi oxide granules are uncommon
but notable, and secondly, four or five large apatite phenocrysts are
present, some over O.5mm long. All feldspar phenocrysts are altered to
calcite and sericite.

The texturally heterogeneous groundmass is strongly overprinted by a
mesh of sericite and calcite, the former defining a weak foliation, and in
places being Fe-stained to a brownish web. Chlorite forms small angular
concentrations in the groundmass but is much less abundant than sericite
or calcite. The calcite also forms veinlets that clearly cross-cut the
sericitic mesh. Opaque oxides or sulphides (pyrite?) are disseminated in
very minor abundance through the altered groundmass, but could not be
identified without a polished section.
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433239

SAMPLE NUMBER: 564493 LOCATION: Beatrice 387815E 5346203N

SUMMARY: This is a formerly glassy quartz-phyric rhyolitic lava
that has suffered strong silica-sericite alteration during
deformation that produced a weak foliation.

HAND SPECIMEN: (Tyndall Group) This is a pale brown, slightly foliated
felsic lava with prominent quartz phenocrysts to 4mm across.

THIN SECTION:
This is a formerly glassy rhyolitic lava with about 5-8 modal% of

unusually large (mainly 2-4mm across) quartz phenocrysts in a devitrified
and foliated groundmass. The quartz phenocrysts vary from subhedral with
slightly reacted and rounded outlines, to being almost rounded. All have
suffered strong straining and fracturing, and most are partially or entirely
granulated or subgrain recrystallized. Also, most quartz phenocrysts have
rolled during the foliation development, and have the sericitic matrix
wrapping around them rather closely. A few patches with stretched
angular outlines are almost certainly totally sericitized feldspar
phenocrysts.

The groundmass of this sample was glassy, and has recrystallized
following devitrification to a very sugary quartz-rich matrix transected by
an intense sericite-defined foliation., much of which is Fe-stained.
Streaky chlorite distributed along the foliation is much less abundant than
sericite and altered to yellowish oxychlorite or chlorite-clay mixtures.
Very fine-grained opaque oxides or altered pyrite occur in a few dispersed
small patches.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

~ ,J 433240

SAMPLE NUMBER: 564495 LOCATION: Beatrice 387782E 5346294N

SUMMARY: This is a probably monomict rhyolitic lava breccia
that has suffered a strong stretching, with foliation
development and extensive sericitization. It has strong
petrographic similarities (apatite and biotite phenocrysts) to
sample 564491.

HAND SPECIMEN: (Tyndall Group) This is a strongly foliated and
sericitized felsic lava breccia or epiclastic sediment.

THIN SECTION:
This is a quite strongly foliated felsic lava breccia, dominated by

stretched fragments of quartz and rarely quartz+feldspar-phyric formerly
glassy lava. Lava fragments are lens-shaped and flattened, and the
formerly glassy groundmasses of these fragments have devitrified and
recrystallized to a complex and heterogeneous mixture of fine-grained
quartz-albite-sericite. Quartz phenocrysts make up less than a few modal%
of this sample, and Strain distribution in this sample was not
homogeneous, as some quartz phenocrysts are almost pristine and others
are strained and fractured, and many show sUbgrain recrystallization. The
few feldspar phenocrysts are totally sericitized and rather 'smeared out'.
A notable phase is relatively abundant (perhaps 20-30 crystals in the
section) small phenocrysts of apatite similar to those in sample 564491,
and further emphasizing the similarity with that sample. this rock
contains a few chloritized biotite phenocrysts.

The groundmass is transected by curving masses of felted sericite
that define a fairly well-developed foliation that wraps around
phenocrysts and between lava fragments. Chloritic patches are streaked
and speckled with tiny opaque oxides.
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433241

SAMPLE NUMBER: 564500 LOCATION: Beatrice 387718E 5346235N

SUMMARY: This is weakly sericitized and foliated shale derived
from a felsic volcanic terrain.

HAND SPECIMEN: (Tyndall Group) This is very fine-grained, probably
silicified shale with a weak parting preserved.

THIN SECTION:
This is clearly a very fine-grained detrital sediment in thin section.

The only easily identifiable detrital grains are angular volcanic quartz
fragments, much less than 0.1 mm across. The remainder of the rock is
composed of a very even-textured intergrowth of microcrystalline quartz
and possibly albite, all evenly overprinted by a well-developed but not
intense mesh of sericite that forms a weak foliation. Tiny spots of
chlorite through the sample are not uncommon, and a few veinlets of
calcite cut the rock.

This is clearly a shale derived probably from a felsic volcanic terrain,
and it probably had an abundant very fine-grained comminuted glassy ash
component. Although the sample seems silicified in hand specimen, it has
not been silicified; the apparent toughness is due to recrystallization of
the former glassy component to dominant quartz and albite. It is quite
unlike the Que River Shale, for instance, in the lack of detrital pelitic
metamorphic detritus (eg muscovite) in this rock.
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433242

SAMPLE NUMBER: 564508 LOCATION: Beatrice 386986E 5346288N

SUMMARY: This is a formerly aphyric obsidian or vitric tuff that
has suffered patchy silica-chlorite (±pyrite) alteration.

HAND SPECIMEN: Tyndall Group: This is a dark brown-greenish strongly
altered felsic lava with fairly intense chlorite alteration.

THIN SECTION:
This sample was probably originally an aphyric felsic lava or a

fine-grained vitric tuff. It is now composed of a fine-grained but rather
heterogeneous matrix varying from saccharoidal silica, typical of zones of
intense silicification, to more pristine, murky areas in which the original
albite-quartz intergrowth replacing devitrified glass has been partially
altered to sericite. Small angular areas of coarser-grained quartz are
clearly disrupted and discontinuous quartz veinlets. Chlorite patches up to
4-5mm across are composed of dense webs and meshworks of pleochroic
yellowy-green chlorite that are altered to yellowish-red oxidized
clay-chlorite mixtures in many areas of the slide. Small disseminated
cubes of pyrite occur as narrow trains and clusters along fractures through
both chloritized, and unchloritized areas of the sample; they clearly cut
across and post-date sercitized groundmass. Chlorite also occurs more
evenly dispersed through the slide, and intergrown with coarse quartz in
fan-like aggregates.

This sample was either an aphyric glassy lava (obsidian), or a
fine-grained, crystal-free vitric tuff, that has suffered patchy
silicification and chlorite alteration that overprinted an earlier weak
sericitization. Pyrite appears to be asociated with the quartz-chlorite
alteration.
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433243

SAMPLE NUMBER: 564510 LOCATION: Beatrice 386965E 5346339N

SUMMARY: This is formerly highly glassy felsic lava or vitric
tuff, very similar to 564322, with strong sericite-hematite
(+silica?) alteration, and tourmaline in a microshear that may
indicate granite-related alteration.

HAND SPECIMEN: (Tyndall Group) This is a red-brown formerly glassy
almost aphyric felsic lava.

THIN SECTION:
This sample in thin section is almost identical to sample 564322, in

having a distinctive groundmass texture composed of cells of
mosaic-textured quartz and minor albite. As in 564322, these cells often
have clear quartz in the centre of each cell, but with chlorite-speckled
dirty Quartz and minor albite in the outer zones of each cell. The contacts
between adjacent cells are Fe-stained or oxidized chloritic material often
present only as dark films. This rather lapilli-Iike texture almost
certainly results from recrystallization of devitrified glass, possibly
accompanied by some silicification. A few large (>1 mm) remnants of clear
quartz probably represent former phenocrysts.

This rock is transected by anastomosing seams of oxidized yellow-red
Fe-stained sericite: this pervades the rock as a fine mesh, but abundant
development of this material is more restricted to broad (often more than
1mm wide) shear zones subparallel with the sericite mesh, and often with
inclusions of granulated groundmass quartz. Cores of these shear zones
are sometimes filled by red translucent goethite, and one single
distinctive pleochroic grain of tourmaline was noted in such a shear.
Coarse-grained sheaves of sericite also are a minor notable component of
this rock. Parts of the groundmass outside the sericitic miroshears are
pervaded by small bladed crystals of altered secondary hematite.

This sample was probably an almost aphyric rhyolitic glassy lava
(obsidian), less likely a fine-grained vitric tuff. After devitrification
-recrystallization the rock suffered strong sericite-hematite alteration,
and possibly silicification; the presence of tourmaline strongly suggests
that this alteration was granite-related. I realize that the nearest
outcrops of Murchison Granite are about 10-15 km further N, but the
alteration present is fairly typical of the outer granite-related alteration,
and the presence of tourmaline in this rock further supports this story.
Granite may extend in the subsurface for many km south of the last outcrop
of Murchison Granite.
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SAMPLE NUMBER: 564513 LOCATION: Beatrice 386878E 5346470N

SUMMARY: This is weakly foliated formerly highly glassy,
sparsely plagioclase-phyric dacitic to rhyolitic lava or tuff that
has suffered notable but not strong chlorite alteration, and weak
pyrite mineralization associated with late-stage fracturing and
recrystallization in high-strain zones.

HAND SPECIMEN: (Tyndall Gp) This is a pale grey-green felsic lava with
small dark chlorite patches

THIN SECTION:
This sample is composed of a weakly foliated fine-grained

intergrowth of quartz, chlorite, sericite and minor disseminated pyrite.
The texture of the sample is homogeneous but not diagnostic with respect
to the primary nature of this rock. A few former plagioclase phenocryst
sites are replaced by polycrystalline quartz, and the remainder of the
sample was probably originally glassy. Although a foliation is not evident
in the hand specimen, sericitic webs through the sample form intergrowths
parallel with streaks of green chlorite and narrow zones of
recrystallization in high-strain areas, defining a clear foliation in thin
section. The high-strain zones of recrystallization are sericite- and
chlorite-free and composed of finer-grained secondary quartz (almost
microcrystalline) but contain common scattered tiny cubes of fresh pyrite.
A second set of irregular quartz-filled, narrow tension gashes crosscuts
the foliation direction at a high angle.

The textural reworking of this sample renders it difficult to judge its
original identity. It may well have been a highly glassy sparsely
plagioclase-phyric dacitic to rhyolitic lava, although there is no evidence
to rule out it having been a vitric tuff. The absence of quartz phenocrysts
contrasts this sample with some of the (apparently) CVC rhyolitic lavas
described earlier in this set. More extensive foliation development from a
sample such as 564454 could produce a rock very similar to this sample.

The abundance of chlorite in the rock is notably more than would
normally be seen in an altered felsic volcanic from the MRV, so the sample
should be described as chloritized, but the minor pyrite mineralization is
clearly associated with late stage fracturing and recrystallization.

433244
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433245

SAMPLE NUMBER: 564515 LOCATION: Beatrice 386844E 5346555N

SUMMARY: This is formerly highly glassy, sparsely
plagioclase-phyric dacitic to rhyolitic vitric lithic tuff that has
suffered weak chlorite alteration.

HAND SPECIMEN: (CVC) This is a dark grey-green silicified
chlorite-altered felsic volcanic or tuff with abundant spots where
disseminated pyrite has weathered out from the rock.

THIN SECTION:
This sample is very similar to the previous rock (despite their being

apparently from different stratigraphic units), except it is has less
sericite-mesh foliation development, and a few quite large (to' .5mm long)
albitized plagioclase phenocrysts are preserved. The remainder of the rock
is very fine-grained but variably textured quartz-albite-chlorite
intergrowths after former devitrified glass. At least two areas of the
'groundmass' with rather more coarse-grained albite and chlorite strongly
resemble lithic fragments. Former (albite?) phenocryst sites in other
parts of the rock are replaced by polycrystalline clear quartz. The
distribution of fine-grained chlorite in the groundmass is very
heterogeneous, giving the impression that the rock may have had a
fragmental texture; this is supported by the occurrence of a single quite
large 'fragment' composed almost totally of exceptionally fine-grained
sericite. However, the margins of this sericitic fragment merge
imperceptibly into the 'normal' part of this difficult rock. I think that
probably this was a vitric lithic tuff, composed very largely of almost
aphyric glassy fragments of rhyolitic to dacitic composition. As for many
of the other samples, this rock was chloritized during or after
devitrification of the glass.
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SAMPLE NUMBER: 564517 LOCATION: Beatrice 386844E 5346574N

SUMMARY: This is polymict lava brecia derived from dacitic to
rhyolitic lava fragments; it shows strong sericite+ minor
chlorite alteration of the matrix.

HAND SPECIMEN: (evC) This is a pink and green felsic lava breccia with
pinkish lava fragments in a dark green chloritized matrix.

THIN SECTION:
This is probably a polymict lava breccia, although the fragments

(some at least 2cm long) present seem to come from only two distinct
flow units. Most fragments are clearly derived from a near-aphyric dacitic
to rhyolitic glassy lava in which the groundmass has devitrified to very
fine-grained quartz and albite, with minor chlorite and sericite; spots and
small patches of secondary quartz are growing from the fine-grained
devitrified groundmass, and the grainsize of the recrystallized groundmass
varies irregularly across fragments. The other fragment type contains
about 5-10 modal% of smallish «O.5mm across) albite phenocrysts; these
are mainly alteration free and have subhedral outlines, and more frequently
than not they occur in multi-crystalline clots.

The matrix between the quite angular lava fragments appears to be
composed of comminuted material identical to the lava fragments, perhaps
originally an ash. The matrix has suffered extensive sericite (±Chlorite)
alteration, and sericitization along fractures of some of the lava
fragments has produced a microscopic 'false-brecciation' texture within
individual fragments. A few grains of pyrite to about OAmm across occur.
OPAQUE MINERALOGY

In this sample, pyrite occurs as sparse angular disseminated grains,
differing from the pyrite in 564481 in that this (564517) pyrite lacks
hematite alteration. Apparently unrelated to the pyrite are small ragged
zones of chalcopyrite that show strong marginal alteration to covellite.
These chalcopyrite 'concentrations' occur in matrix between lava
fragments. A single discontinuous small quartz-albite veinlet contains a
small amount of idiomorphic inclusion-free pyrite grains «O.3mm across)
that sometimes show minor rimming of chalcopyrite-covellite. All the
SUlphides in this sample are of hydrothermal or diagenetic origin, and most
appears to be related to the sericite alteration.

433246
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433247

SAMPLE NUMBER: 564522 LOCATION: Beatrice 387250E 5346559N

SUMMARY: This rock was probably a glassy dacitic to rhyolitic
lava breccia that suffered intense silica-chlorite alteration
before being strongly hematite-altered.

HAND SPECIMEN: (evC) This is a cherty. silicified red felsic lava or lava
breccia.

THIN SECTION:
This rock is very strongly altered and texturally reconstituted,

making identification of the protolith difficult. Almost certainly, it was a
rhyolitic to dacitic very glassy lava or lava breccia, possibly even a vitric
tuff. However, intense recrystallization of the devitrified groundmass to
secondary silica and chlorite, followed by strong hematite alteration, have
obliterated the original texture. Local sudden variations of the
groundmass texture suggest that the rock was a lava breccia. Streaks and
bands of chlorite, up to a few mm wide and strongly foliated, transect the
sample, defining a weak foliation. Sericite forms streaks and patches, and
appears to have been largely replaced by fine-grained granular hematite
that makes up perhaps 30 modal% of the sample. The hematitized domains
often define curved 'fronts', suggesting diffuion waves of Fe-rich solutions
passed through the sample after silicification.

The intense chlorite-silica alteration in this sample is similar though
perhaps not as pervasive as in sample 564481; the latter sample, however,
did not suffer a later hematite alteration event.
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433249

SAMPLE NUMBER: 482795

LOCATION: N Selina area, Lake Margaret EL

SUMMARY:
This is a strongly foliated quartz+(sparse) feldspar-phyric

former crystal tuff, felsic lava breccia or epiclastic sediment;
despite proximity to the Murchison granite, this rock shows a
texture and mineralogy atypical of Murchison granite aureole
felsic rocks, suggesting it is faulted (thus the stronger
foliation) into its present position.

HAND SPECIMEN:
This is a quite strongly foliated grey meta-felsic tuff or epiclastic

sediment.

THIN SECTION:
At first glance, the foliation and angular crystal fragments in this

section give the strong impression that the rock is a crystal tuff.
However, having seen the previously described samples in this set, I can't
rule out the possibility that the stronger deformation texture (ie
well-developed foliation) in this particular sample has destroyed any
evidence of it once having been a quartz-phyric polymict lava breccia or
epiclastic sediment. However, small (<<1mm) almost rounded fragments of
mosaic-textured quartz-albite intergrowths after devitrified felsic glass
adjacent to, or immersed in extremely fine-grained quartz-sericite matrix
suggest too much textural heterogeneity for this rock to have been a felsic
lava. The sample consists of about 5-10 modal% of angular volcanic quartz
fragments from O.1-2mm across, and occasional small partially
sericitized albite phenocryst fragments set in a strongly sericite-altered
matrix pervaded by a sericite-defined foliation that is enhanced visually
be Fe-staining of the sericite along foliation planes. Chlorite is very
fine-grained and considerably less abundant in this sample than most of
the preceding rocks. I see no obvious evidence for the possible overprint
you mention in your notes resulting from proximity to the Murchison
granite. Could a faUlt separate this sample from the granite, and be
related to the stronger foliation in this sample? It is texturally and
mineralogically (no obvious Kspar) nothing like felsic rocks from the
Murchison aureole to my experience.
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433250

SAMPLE NUMBER: 563804

LOCATION: N Selina area, Lake Margaret EL

SUMMARY:
This is a strained, very strongly chlorite (tquartz t pyrite)

-altered former fairly coarse-grained epiclastic sediment
derived from quartz+feldspar-phyric felsic lavas.

HAND SPECIMEN:
This is a dark green chlorite-quartz altered felsic lava or lava

breccia.

THIN SECTION:
This sample is extremely heterogeneous texturally, suggesting it was

originally a polymict lava breccia or epiclastic sandy sediment. It is
mainly composed of indistinct quartz+albite-phyric formerly glassy lava
or tuff fragments that have recrystallized to fine- to quite coarse-grained
quartz; these have, in turn, been overprinted by intense chlorite alteration.
Several areas dominated by strained volcanic quartz grains aggregated
more tightly together by pressure solution give the appearance of sandy
bands rather than disrupted quartz veinlets. Former feldspar phenocrysts
in some fragments are totally replaced by dusty brownish sericite, and the
same material occurs streaked through chlorite throughout the rock,
although in much less abundance than chlorite. The chlorite overprinting a
large part of this sample occurs as bright green interstitial patches
between former clasts or fragments, and in fibrous kinks intergrown with
quartz, that transect the sample in abundance. Small altered (?) pyrite
grains, and granules of rather bladed hematite, and yellowish epidote,
occur concentrated in some chorite patches.

This sample was probably an epiclastic sandstone derived from
quart+feldspar-phyric felsic volcanics; it has been strained and suffered
strong chlorite-quartztpyrite alteration.
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433251

SAMPLE NUMBER: 564815

LOCATION: N Selina area, Lake Margaret EL

SUMMARY:
This is a quartz-phyric rhyolitic lava breccia that has

suffered fairly strong chlorite-sericite (±pyrite) alteration
concomitant with weak foliation development and strain
fracturing of phenocrysts.

HAND SPECIMEN:
This is a weakly foliated chloritic lava breccia or epiclastic sediment

with distinct fine-grained almost black lava fragments to about 1em long.

THIN SECTION:
Extensive alteration of this sample makes it rather hard to diagnose

with certainty. It is most likely to be a monomict felsic lava breccia.
Angular fragments of quartz-phyric formerly glassy rhyolitic lava contain
up to about 5 modal% of large quartz phenocrysts (to 3mm long), most of
which are internally strained, broken up and granulated, and often subgrain
recrystallized. The formerly glassy groundmass is extensively
recrystallized as fine- to relatively coarse-grained quartz, often with a
sugary texture, but sometimes with typical mosaic textures. It is difficult
if not impossible to determine whether the rather variable groundmass
recrystallization textures are primary (due to variable cooling
-devitrification textures within the same brecciated flow) or
alteration-induced. The altered groundmass is overprinted by dispersed
and patchy very fine-grained chloritic alteration. Sericite is more
restricted to anastamosing veins that defined a weak foliation. Many
fragments have the fine-grained chloritic groundmass replaced by messy
red-brown hematite-goethite. This Fe oxide-hydroxide alteration is after
oxidized pyrite grains, still visible as altered euhedra sparsely
disseminated through some fragments and not through others.
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433252

SAMPLE NUMBER: 564818

LOCATION: N Selina area, Lake Margaret EL

SUMMARY:
This is a chlorite-sericite-pyrite altered glassy

plagioclase-phyric dacitic lava.

HAND SPECIMEN:
This is a dark grey foliated fairly fine-grained with clots of black

chlorite to several mm in diameter.

THIN SECTION:
This is an altered dacitic lava in which the primary texture is

nevertheless quite well preserved. This was a plagioclase-phyric dacitic
lava with a glassy groundmass, made up of about 5-8 modal% of totally
sericitized plagioclase phenocrysts, mainly less than 1mm across set in a
mosaic textured quartz-albite intergrowth replacing devitrified glass. A
notable feature of this sample is the relative abundance and large size of
apatite phenocrysts, reminiscent of samples from the Winterbrook area
that I described for Sven Rand. Patches of groundmass are overprinted by
streaky sericite alteration essentially defining a weak foliation, and less
abundant but often somewhat larger patches of bright green chlorite are
aligned along the same direction. Pyrite grains to 1mm across are
scattered throughout the sample «1 moda/%) but definitely more
concentrated in chlorite patches. The pyrite grains are often broken down
around their edges to hematite(?), and some grains are entirely reduced to
tiny granules of hematite(?).
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SAMPLE NUMBER: 482957

LOCATION: N Selina area, Lake Margaret EL

SUMMARY:
This is a very strongly chlorite-magnetite-altered volcanic

quartz-rich epiclastic sandstone with sparse thin pyrite
vein lets post-dating magnetite alteration.

HAND SPECIMEN:
This is a strongly chlorite-altered and weathered felsic epiclastic

sediment with lava clasts to about 4mm across. It contains common
disseminated fine-grained pyrite.

THIN SECTION:
This sample is exceptionally strongly altered and strained, and the

thin section offers less clues to its original identity than the hand
specimen. It consists of about 60-70 modal% of quite coarse-grained (to
5mm long) volcanic quartz that has been strongly strained, granulated or
fragmented, and sub-grain recrystallized. Matrix areas are dominated by
green chlorite with intergrown colourless sericite, that pervades the rock
without producing any foliation. Magnetite is distributed throughout the
chlorite, sometimes in concentrations of grains up to 5mm across. Diffuse
areas of the rock, but particularly in the weathering rind, are strongly
oxidized, with chlorite replaced by dull red-brown goethite or limonite,
and magnetite oxidized to bright red hematite or limonite cubes.

The sheer amount of volcanic quartz in this sample suggests that it
was probably an epiclastic sandstone derived from quartz-phyric rhyolitic
volcanics. It has clearly been strongly chlorite-altered, with magnetite
and later pyrite (see later) being introduced during the chloritization and
granulation of the sample.
OPAQUE MINERALOGY

This sample shows a fairly simple opaque mineralogy, basically
magnetite-pyrite-hematite (martite). Magnetite occurs as clots and trains
of idiomorphic to angular and corroded grains, mainly less than 0.5mm
across, but with clots up to 5mm across being obvious in thin section. The
magnetite is being pseudomorphed by hematite (martite) adjacent to
fractures and irregularly throughout the slide. Hematite, in turn, and also
chlorite, are replaced by messy red limonite or goethite in waves and
almost colliforrn growths throughout the sample. Euhedral pyrite occurs
as a few trains of single euhedral crystals, occasionally with cores of
magnetite. No sphalerite, galena or chalcopyrite were noted. Magnetite­
chlorite (±pyrite) alteration is typical of the outer zone of the Murchison
Granite alteration, for example, at the Lake Selina prospect.
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SAMPLE NUMBER: 482961

LOCATION: N Selina area, Lake Margaret EL

SUMMARY:
This is an intensely silica+sericite+pyrite-altered formerly

glassy felsic lava. Pyrite introduced in the silicification event
has recrystallized to coarser grains in veins produced by
deformation late, or after the main alteration.

HAND SPECIMEN:
This is a silicified and pyritized felsic lava with several

1-2mm-thick veins of pyrite.

THIN SECTION:
This extensively altered sample was originally a plagioclase

(±quartz?)-phyric glassy dacitic to rhyolitic lava. However, almost every
trace of the original texture has been obliterated by an intense
silicification, so that only occasional ghost outlines of former albitized
plagioclase phenocrysts survive. The silica alteration of the formerly
devitrified glass (which would likely have been a mosaic quartz-albite
intergrowth prior to silicification) has produced a fine-grained, sugary
textured intergrowth of tiny quartz grains with convolute grain boundaries.
Sericite overprints the silica alteration as a fine web that coalesces to
form more massive clots and common diffuse veins that define a weak
foliation (alignment) parallel to the pyrite veinlets.

Pyrite occurs as disseminated patches and concentrations of ragged
crystals intergrown in sericite and scattered through the sugary matrix.
Most grains in these patches are less than O.2mm across. The wider pyrite
veins are composed of more euhedral, coarser-grained pyrite associated
with coarser-grained, strained quartz and sericite that often forms
pressure fringes on the pyrite. These veins are discontinuous, and almost
certainly represent high-strain zones in the original silicified rock in
which quartz, sericite and pyrite recrystallized to their more eUhedral,
coarser-grainshapes. The pyrite therefore, was probably associated with
the silica-sericite alteration, but regrew in coarser veins during late- or
post-alteration deformation.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

) ......
~~ \.):,:

PETROGRAPHIC REPORT

ROCKS FROM LAKE MARGARET LICENCE

FOR ABERFOYLE RESOURCES LTO

attn Danny Noonan

by

Anthony J. CRAWFORD
Geology Department

Uni of Tasmania
17/2/90

-rc. 28

433255



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
•

[,.J 433256

SAMPLE NUMBER: 482708

SUMMARY:
This rock was a felsic crystal lithic tuff with a glassy

groundmass that has been extensively magnetite-chlorite
altered.

HAND SPECIMEN:
This is a dark grey-green very strongly fractured and chloritized felsic

lava or pyroclastic with strong magnetite veining.

THIN SECTION:
This is a very strongly altered and mineralized former felsic tuff. It is

composed of abundant strongly strained and often sUb-grain recrystallized
quartz grains to at least 3mm long, most of which are quite angular in
outline, and are clearly broken crystals; however, in a few areas of the
slide, the quartz grains appear to be disrupted and deformed quartz
veinlets. A few angular crystals of albite are also present,although much
smaller than the quartz grains. Several grains clearly distinguishable from
the groundmass are fine-grained recrystallized (devitrified) former glassy
felsic volcanic fragments, mainly less than 1mm long. These, and the
broken nature of the phenocrystal quartz and subordinate feldspar, strongly
indicate a felsic crystal lithic tuff origin for this rock.

In the least altered (or least replaced) areas of groundmass, the
original rocktype clearly had a very fine-grained devitrified glassy
texture, composed dominantly of quartz, minor albite and chlorite, all
riddled by very fine webs of sericite.

The rock has suffered intense chlorite-magnetite alteration, with large
areas of the thin section being composed entirely of dense trains of
magnetite crystals immersed in pale green chlorite. The latter forms
well-formed books and sheaves intergrown with epidote and ribbon quartz
in places.
OPAQUE MINERALOGY

Almost massive stringer magnetite, composed of intergrown ragged
grains (rarely subhedral to euhedral), makes up almost 50 modal% of this
sample. The magnetite is martitized to hematite along many cracks and
grain boundaries, and this, in turn, is often altered to translucent goethite.
Veinlets composed entirely of goethite cut the sample in places. Tiny
rounded inclusions of pyrite and rarely, chalcopyrite, are present in the
magnetite, but form only a tiny proportion of each magnetite grain.
Similar tiny inclusions of pyrite and chalcopyrite occur in the gangue.
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SAMPLE NUMBER: 482710

SUMMARY:
This is a tuffaceous shale siltstone with veinlets of pyrite

and magnetite, and sparse disseminated magnetite and pyrite.
The presence of tourmaline strongly suggests granite-related
mineralizing fluids.

HAND SPECIMEN:
This is a very dark green, particularly fine-grained felsic pyroclastic

or volcanogenic sediment with common extremely thin seams and veinlets
of pyrite.

THIN SECTION:
This sample was a tuffaceous shale-siltstone composed of tiny

fragments of volcanic quartz and much less abundant albite set in a very
fine-grained groundmass or matrix of quartz, albite, and possible Kspar, all
strongly veined by sericite that occurs as a fine web throughout the rock.
Two separate domains of the original rocktype are obvious, differing
mainly in grainsize (fine versus very fine) and abundance of tiny opaque
grains. It is difficult to determine whether these domains are disrupted
adjacent beds or layers, or simply differing responses of the formerly
vitric-rich matrix to devitrification-recrystallization.

The rock has fractured quite extensively, and varying vein assemblages
have grown in fracture zones. The most abundant assemblage is almost
pure very fine-grained sericite, whereas quartz-epidote-chlorite- pyrite­
magnetite veins, with less abundant sericite, are coarser grained but less
common. An important feature of this sample is the presence of dull
blue-grey tourmaline, both as rare crystals in the quartz-epidote-chlorite
veinlets, and as tiny poorly formed crystals and patches in the matrix.
OPAQUE MINERALOGY

Fine-grained anhedral magnetite, and less abundant but much larger
euhedral to subhedral pyrite grains occur scattered through the sample.
Pyrite crystals sometimes form discontinuous veinlets. The magnetite
crystals are often fractured and slightly altered to hematite, and they
occasionally contain tiny rounded pyrite inclusions. The bigger pyrite
grains often contain small chalcopyrite inclusions, and these also occur
less abundantly in the gangue. Covellite occurs along cracks in
chalcopyrite-bearing pyrite, clearly due to alteration of chalcopyrite.
Pyrite and magnetite appear to be almost contemporaneous in the
paragentic sequence in this sample.

433257
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SAMPLE NUMBER: 48211122

SUMMARY:
This sample was probably a glassy, autobrecciated

quartz-phyric rhyolitic lava that has suffered strong K feldspar
• magnetite alteration, and been cut by a few possibly later
pyrite veinlets.

HAND SPECIMEN:
This is a dark grey felsic lava breccia or lithic tuff with pink, strongly

altered lava fragmants mainly less than 5mm across, set in a very
fine-grained dark, altered and mineralized matrix.

THIN SECTION:
This sample is a very strongly altered and mineralized lava breccia

originally of rhyolitic composition. Many lava fragments show jig-saw-fit
boundaries. All were originally a quartz-phyric rhyolite, with well·formed
quartz phenocrysts to 2mm across, set in what was probably a glassy
groundmass that has extensively recrystallized. Most quartz phenocrysts
show strong internal deformation features. The texture and mineralogy of
these recrystallized lava fragments is unusual and distinctive. They are
composed of a holocrystalline relatively 'coarse-grained' intergrowth of
granular quartz and untwinned or simply-twinned Kspar. Occasional almost
euhedral patches of yellow chlorite are possibly pseudomorphs after
primary biotite phenocrysts.

The groundmass of this lava breccia shows an identical coarse-grained
quartz-Kspar mineralogy as the lava fragments, but in addition it is riddled
with pervasive fine-grained magnetite. Veins of quartz-magnetite-
chlorite, quartz-chlorite-epidote-magnetite, and quartz-sericite (minor)
are present in the sample, although chlorite is a minor phase and often
oxidized to reddish-orange ferri-chlorite.

OPAQUE MINERALOGY
The matrix of this lava breccia is riddled with tiny anhedral, inclusion­

free magnetite grains, that often form almost continuous linked
intergrowths. Magnetite shows marginal alteration to reddish hematite in
places. A few narrow veinlets containing almost totally altered pyrite
subhedra are composed now of translucent goethite that forms parallel
bands or seams along the length of the veinlets. Although it is very
difficult to be certain, I think that the pyrite veinlets post-date the
disseminated magnetite in this rock.
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SAMPLE NUMBER: 482726

SUMMARY:
This is a formerly glassy, almost aphyric rhyolitic lava that

has suffered fairly strong chlorite-pyrite alteration after a K
feldspar-quartz-calcite alteration event.

HAND SPECIMEN:
This is a very strongly chloritized and mineralized felsic lava or

pyroclastic with abundant disseminated pyrite and sparse carbonate
veinlets in a chloritic matrix.

THIN SECTION:
This sample is a strongly chlorite-altered formerly almost aphyric

rhyolitic lava. In a few places, fairly convincing relics of perlitic cracking
are present. The sample contained only a few small quartz
microphenocrysts, and these are strained and reacted at their rims. The
sample is transected by several vein assemblages, the most important
being a very fine-grained swirling sericite ± minor fine carbonate.
Chlorite veins and segregations are also common, and mid-green chlorite is
dispersed in abundance through most of the sample. A few coarser-grained
carbonate veins cut the sample, and a few monomineralic, discontinuous
quartz veins are also present.

The formerly glassy groundmass of this sample has recrystallized
entirely to a relatively 'coarse-grained' granular, sugary intergrowth of
quartz and Kspar, with interspersed chlorite and fine-grained calcite. It is
likely that the chlorite-pyrite alteration post-dated the Kspar-quartz
-calcite alteration event.

OPAQUE MINERALOGY
This sample contains around 8 modal% disseminated, fairly fine-grained

pyrite, with individual grains rarely larger than 1mm across. The pyrite
occurs as angular and irregular to subhedral grains, either randomly
distributed through the rock, or occurring in trains of crystals often
marginal to chlorite-quartz-calcite vein lets, and much less frequently
associated with sericite-calcite veins. The pyrite grains often contain
small magnetite inclusions, and much less common, tiny rounded
chalcopyrite and pyrrhotite inclusions. Although determining a paragenetic
sequence of opaques for this slide is rather difficult, it appears that
dominant pyrite might post-date and have overgrown less abundant early
magnetite.
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SAMPLE NUMBER: 482727

SUMMARY:
This is a volcanogenic sandstone derived from felsic

volcanics, that has suffered magnetite mineralization
disseminated through the sample, followed by minor
pyrite-chlorite veining.

HAND SPECIMEN:
This is a very slightly schistose dark grey siltstone to sandstone.

THIN SECTION:
The detrital nature of the quartz grains in this sample is obvious, as

they make up more than 60 modal% of this sample. Almost all have
features strongly indicating a rhyolitic volcanic source; these include
almost euhedral grains, and common rounded, devitrified melt inclusions.
Most of the detrital quartz has, however, suffered moderate to strong
granulation, deformation and recrystallization in places. A few former
detrital albite grains have been strongly sericitized.

The matrix of this sample is very strongly sericitized, and sericite
seams and meshes define the weak foliation. Chlorite is also common in
this sample, as irregular patches and meandering veinlets, many of which
seem to be associated with the more coarse-grained pyrite mineralization.

OPAQUE MINERALOGY
Pyrite is disseminated as large (0.5-2mm across) inclusion-free

subhedral to irregular grains constituting discontinuous veinlets through
the rock. The pyrite grains have narrow rims of translucent limonite or
goethite. Magnetite occurs as disseminated ragged, fractured grains
throughout the sample, mainly « 1mm across, probably constituting around
1 modal% of the sample. The pyrite veinlets appear to crosscut magnetite
grains in several places, and thus probably post-date the magnetite
mineralization.
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SAMPLE NUMBER: 482741

SUMMARY:
This is a strongly foliated, sericitic, felsic lithic tuff with

disseminated magnetite, and K spar-sericite dominated
alteration.

HAND SPECIMEN:
This is a dark grey, quite strongly foliated sericitic volcaniclastic

sandstone or lithic tuff.

THIN SECTION:
This sample is much more strongly foliated than any of the preceding

samples. It consists of a variety of volcanic clasts to about 4mm across,
including quartz, albite and felsic lava fragments, set in a cleaved
sericitic matrix. Many of the sericitized formerly glassy felsic lava
fragments are stretched into the foliation, and detrital quartz grains often
have pressure fringes of ribbon quartz. All the detrital quartz grains are
clearly of rhyolitic volcanic origin, and show marginal recrystallization
and reaction with the groundmass. Most lava fragments are
snowflake-textured, devitrified glassy rhyolites to dacites; a few have
small quartz phenocrysts, and Kspar appears to be common in the
recrystallization assemblage. Chlorite is not common in this sample,
which is sericite-K feldspar dominated.
OPAQUE MINERALOGY

Magnetite occurs as disseminated grains to a maximum size of about
O.7mm across, forming much less than 1 modal% of this rock. The
magnetite grains are subhedral to euhedral, and all are partially to
completely martitized to hematite. Relic magnetite cores in some larger
martite grains are obvious. A mesh of translucent goethite replacing
hematite and magnetite occurs at the edge of the slide, and represents a
highly altered former magnetite vein at least 2mm wide. Tiny hematite
euhedra occur in abundance throughout the foliated groundmass of this
sample; it is difficult to determine whether they are associated with the
devitrification-recrystallization of former glass, or whether they are
associated with the magnetite-producing mineralization event. I favout
the latter.

433261
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SAMPLE NUMBER: 482745

SUMMARY:
This is a strongly foliated sericitic felsic crystal tuff with

disseminated magnetite altered to hematite.

HAND SPECIMEN:
This is a foliated dark grey, strongly sericitic quartz-phyric rhyolitic

lava or crystal tuff.

THIN SECTION:
This sample is a strongly foliated sericitic felsic crystal tuff

dominated by entire to granulated phenocrysts and crystal fragments of
quartz to at least 2mm across set in a cleaved sericitic matrix. Few
quartz phenocrysts show any crystal faces, and many appear to have been
broken up into many small crystal fragments that are now dragged out in
the cleavage. Some show strong internal deformation and subgrain
recrystallization, suggesting that a period of brittle deformation may have
preceded the cleavage-forming event. The sample is remarkable for the
abundance and size of zircon crystals in it, and it would be a useful sample
for U-Pb dating of the zircons.

The groundmass of this sample was probably a vitric ash. It has
devitrified, then suffered extensive sericite alteration accompanying
cleavage development. Pale green chlorite is not uncommon dispersed
through the rock, and former FeTi oxide grains have altered to leucoxenic
aggregates.
OPAQUE MINERALOGY

The opaque mineralogy of this sample is essentially identical to the
preceding rock, with disseminated former magnetite grains mainly «1 mm
across, and forming much less than 1 modal% of the sample. No relic cores
of magnetite are preserved, however, in this sample, as all magnetite has
been martitized to hematite.



THIN SECTION:
This rock was originally a very uniform-textured glassy quartz-phyric

rhyolite. The original texture is largely retained, although the sample has
suffered extensive devitrification-recrystallization of the groundmass,
and weak foliation development. Quartz phenocrysts make up around 10-15
modal% of this sample. Most were from 1 - 3m across, and subhedral and
rather reacted and rounded. However, most quartz phenocrysts have been
fragmented and strained, and many show sUbgrain recrystallization.

The groundmass of this sample was glassy, but has devitrified and
recrystallized to a very uniform, fine-grained quartz-sericite ± Kspar
intergrowth in which the sericite defines a weak foliation. Parallel with
the foliation are a series of discontinuous fractures and space fillings in
which rather coarser-grained secondary quartz, often with ribbon habit,
has grown together with green chlorite and pyrite.
OPAQUE MINERALOGY

This sample contains disrupted and discontinuous veinlets of discrete,
fairly fine- grained pyrite crystals less than 1mm across, many with
ribbon quartz shadows. Small magnetite inclusions are not uncommon in
the pyrite, and these often have tiny chalcopyrite and pyrrhotite inclusions
attached to them, and possibly rare very small galena inclusions. The
pyrite post-dates magnetite, and is clearly associated with the
quartz-chlorite vein assemblages.
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SAMPLE NUMBER: 482749

SUMMARY:
This is a formerly glassy quartz-phyric rhyolite with sparse

pyrite veinlets and stringers associated with quartz-chlorite
alteration.

HAND SPECIMEN:
This is a foliated and fractured very fine-grained grey-green felsic

lava or tuff, probably silicified, with narrow stringers of pyrite.

433263
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SAMPLE NUMBER: 482791

SUMMARY:
This is a formerly glassy, plagioclase-phyric rhyolitic or

rhyodacitic lava with sparse, disseminated magnetite in a
quartz-K feldspar altered recrystallized groundmass.

HAND SPECIMEN:
This is a texturally well-preserved, massive quartz and feldspar­

phyric brown rhyolitic lava.

THIN SECTION:
This sample is clearly a rhyolitic or rhyodacitic lava dominated by

quite large (1-4mm long) euhedral phenocrysts of albitized plagioclase in
which ghost zoning is preserved despite extensive replacement by sericite.
Altered plagioclase phenocrysts probably make up at least 12-15 modal%
of this sample. Much less abundant, but not uncommon, are rather reacted
and fragmented quartz phenocrysts, mainly less than 2mm long. Also
present are a few well-formed former biotite microphenocrysts that have
been replaced by green chlorite and calcite, and abundant small FeTi oxide
microphenocrysts have exsolved ilmenite and altered to leucoxene
aggregates. Small, euhedral apatite phenocrysts are also rather common.

The groundmass of this sample was probably largely glassy. However,
it has recrystallized to a relatively coarse-grained sugary-textured
granular intergrowth of quartz and slightly sericite-speckled Kspar. A few
strongly foliated calcite· chlorite vein lets cut the sample, and patchy
green chlorite is not uncommon in the groundmass.
OPAQUE MINERALOGY

This sample only contains rare, disseminated, fractured magnetite
subhedra that are about half altered on average to hematite.

433264
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5ummary

A UTEM survey conducted at the Red Hills Prospect in 1988-89,
identified a conductor adjacent to the western edge of a
black shale horizon from 725 to 1045. DDH RH-18 drilled on
line 845 to test this anomaly, failed to intersect economic
mineralisation. 5irotem and Em-37 DHEM surveys conducted in
DDH RH-18 led to the interpretation of a flat lying conductor
occurring below and west of DDH RH-18. DDH RH-19 drilled to
test this conductor intersected a shallowly dipping shale
horizon at the conductor ~osition. The down-hole and surface
EM anomalies have now been satisfactorily explained in terms
of the shale horizon and no further exploration can be
recommended on geophysical grounds, at the Red Hills
Prospect.

Introduction

EL 5/85 covers an area of 140 km 2, from north and east of
Queenstown to north of Red Hills. This EL is currently the
subject of a joint venture agreement between CRA Exploration
and Aberfoyle Resources Limited. Aberfoyle Resources manage
exploration of the licence. With the inception of the joint
venture the Red Hills Prospect, in the NW corner of the EL,
became the focus of Aberfoyles initial exploration (see
figure 1).

The geology, of the Red Hills Prospect is dominated by an
elongate lens of rhyolitic to rhyodactic lava, that forms the
Red Hills lava dome. Flanking the dome to the west, is a
basinal sequence of felsic volcanoclastics. Within this
sequence is a steeply west dipping, thick black shale unit.
This black shale thins considerably at depth. Unconformably
overlying the lava dome to the east are correlates of the
Middle Ordovician Owen Conglomerate. McNeill (1987) suggests
the volcanoclastic sequence is repeated on the east side of
the lava dome, but is covered by approximately 300m of
conglomerate.

A four loop UTEM program was conducted over the western
volcaniclastic sequence during December 1988 and January 1989
(Read 1989). This· survey identified a current gathering UTEM
anomaly occuring over a 2.2 km strike length, from 165 to
1045. This UTEM anomaly was closely associated with the
black shale unit within the volcaniclastics. North of line
725, the observed UTEM anomaly could be adequately explained
by the current gathering EM effects of the conductive black
shale. From 725 to 1045 the UTEM anomaly did not exhibit the
EM characteristics expected from a wide block of conductive
shale. Consequently it was concluded that there were three
possible causative sources for the UTEM anomaly:

(1) Thickening of the shale body at depth
(2) Increase in the shale conductivity at depth, thereby

giving the effect of a conductive body at depth.
(3) Conductive body, adjacent to the base the black shale.
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Possibility (1) was considered geologically unlikely as
previous drilling had shown a wedging out of the shale at
depth. Drilling was recommended on line 84S, to test for a
conductive body occurring west of the shale from 1050-l075E,
at a depth of approximately 220M. DDH RH-18 testing this
anomaly did not intersect any significant mineralisation. Two
black shale horizons were intersected at the following down­
hole depths , l34-l98m and 29l-299m. In order to determine if
the interpreted conductor occurred further west, and at a
shallower depth than expected, a DHEM survey was conducted.
The results of this survey are presented in this report.

It was considered highly probable that the conductor did occur
further west than initially interpreted as the geological dip
measured in DDH RH-18, was significantly shallower that the
80-90 Ow dip, assumed when modelling the line 84S UTEM
anomaly. A lesser dip, would place the conductor at a
shallower depth.

3. DHEM Surveys in DDH RH-18

3.1 Sirotem Survey RH-18

Before DHEM surveying of RH-18 commenced, the half-space
EM response of the volcaniclastic sequence was
calculated using the computer program GRENDL. I.P data
previously collected at Red Hills showed that the
resistivity of the volcaniclastics varied from 1000 to
3000 ohms. For these resistivities, the late-time half­
space response would range from 0.25 to 0.1 micro
volts/amp. The self-response of the Sirotem probe down
DDH RH-18 was also calculated using GRENDL and is given
in figure 2.

The contract for the initial DHEM investigation of DDH
RH-18 was awarded to McSkimming Geophysics of 35 The
Boulevard, Boulevard Heights, Adelaide. One loop (loop
13, see Figure 3> of Sirotem data was collected on the
7th September 1989, using a medium power Sirotem Mk II
transmitter and a Sirotem slimline down-hole probe. Due
to the fast decaying, current-gathering nature of the
UTEM anomaly, 10 channels of Sirotem early-time data
were collected, in addition to 10 channels of standard
time data. Hence, data was obtained over a delay time
range of 0.049-5.779 ms. The down hole Sirotem data is
given in Appendix 1.

The Sirotem data revealed the presence of an anomaly
indicative of an off-hole conductor, reaching a maximum
170m down-hole. The anomalous response changed sign
from early to late-time, indicative of current gathering
processes dominating at early-time and vortex eddy­
currents dominating at late-time. For the configuration
of loop 13 and DDH RH-18, the response polarity change
indicated an anomaly source below DDH RH-18.
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FIG. 2 - Sirotem Probe Self-Response DOH RH-18.
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Due to the noisy nature of the Sirotem profiles, and the
possibility of significant interaction between the
interpreted off-hole conductor and the conductive shale,
a further three loops of DHEM data were recommended in
order to clarify the interpretation.

Em-37 Survey DOH RH-18

The contract for the follow-up DHEM survey in DOH RH-18
was awarded to Geoterrex Pty Ltd of 13 Whiting Street,
Artarmon N.S.W. Three loops of down hole and surface
Hz component EM data~ were collected on the 20th and
21st October 1989. This data was collected using the
Em-37 TDEM system operating at a frequency of 25Hz ,
allowing the collection of data until 7.157ms delay
time.

The surface EM data was collected in addition to the
DHEM data in order to investigate the intera~tion

between the conductive black shale and the interpreted
western conductor. Using two data sets for
interpretation, the position of the western conductor
could be better constrained.

The general features the two data sets showed were as
follows:

(1) The DHEM data indicated a conductor was intersected
in DOH RH-18 at 165m .

•
(2) The in-hole conductor produced an early-time

response, but there was a clear transition to a
late-time off-hole response of opposite sign.

(3) The late-time DHEM anomaly reached a maximum
amplitude when the target zone was situated beneath
loop 15.

(4) The late-time DHEM response was negative for loops
14 and 15, but positive for loop 16.

(5) The shape of the DHEM anomaly was distinctly
asymmetrical.

(6) The amplitude of the surface Em-37 anomaly was a
maximum from loop 15

(7) The surface anomaly was positive from loops 14 and
15, but negative from loop 16.

The change in sign of both the surface and down-hole
anomalies, from loop 15 to loop 16, was interpreted as
indicating the conductor lay between these loops. As
loop 15 produced the largest amplitude response, the



Modelling the Em-37 Data

(1) A model was produced to match the down-hole data

433275

In order to produce the gradual increase in the down­
hole late-time anomaly seen from loops 14 and 16, and a

Exponential Time Constant - 0.22ms
Power Law Decay Constant - 6.0

Surface Data:

Modelling the Red Hills Em-37 data proceeded in the
following manner:

Due to the down-hole and surface Em-37 data exhibiting
similar loop-to-loop variations, it was initially, and
logically, assumed that both EM anomalies were due to
the same conductive source. Despite extensive modelling
using the computer program OZPLATE, a single conductor
could not be obtained whose EM response reproduced the
features of the surface and down-hole anomalies listed
in section 3.2.

conductor must have occurred closer to the middle of
this loop than loop 16. The assymetrical form of the
surface and down-hole anomalies was interpreted to
indicate the conductor has a shallow dip.

Down-Hole Data: Exponential Time Constant - 1.3ms
Power Law Decay Constant - 3.8

The differences in these constants, suggested the
surface data responded to a less conductive source,
producing faster decaying currents, than did the down­
hole data. The interaction between the two responses,
decaying at different rates, produced an overall
response that was neither current gathering nor true
vortex eddy current flow.

Consequently it was postulated that the down-hole and
surface data represented responses from different
conductors or different segments of the same conductor.
Supporting evidence for this hypothesis was obtained by
calculating the Exponential TLme Constant and Power Law
Decay Constant for the surface and down-hole anomalies.
The following constants were obtained from the loop 15
data:

This iterative procedure continued for each loop until
the major features of both data sets were reproduced.

(3) The result from (2) was compared to the DHEM data
and step (1) repeated.

(2) A model was produced to match the surface data, that
included the response obtained from (1)
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maximum anomaly response on loop 15, a shallowly east
dipping conductor was required. The best-fit model
profiles for loops 14, 15, and 16 are given in figures
4a, 5a and 6a, with the corresponding observed profiles
in figures 4b, Sb, and 6b.

Changes in the conductivity, dip, down-dip extent and
strike length of the best fit OHEM conductor could not
generate the observed surface profiles. To reproduce
the surface data a moderately west dipping conductor, of
significant down-dip extent was required. The best fit
model surface data, combining the effects of the two
conductors are given in figures 7a, 8a, and 9a with the
corresponding observed data given in figures 7b, 8b, and
9b.

The best fit between the model data and the field data
occurs for loop 14. The configuration of conductors
shown in figure 10 reproduced the unusually fast decay,
shown by the surface data, for this loop. This was due
to conductor 1 producing a dominantly negative response
from loop 14, while conductor two produced a dominantly
positive response. At early times the response of
conductor 1 dominated the surface response, but with
increasing time the more slowly decaying response of
conductor two became dominant. The superposition of
these two responses of opposite polarity and different
decay rates produced the overall, fast decaying
response .

•
The dominating of the early to mid-time surface response
by conductor two, was partly due to the two conductors
differing decay rates and partly due to conductor two
being closer to the surface receiver than conductor one.
With DOH RH-18 situated between the two conductors the
OHEM data primarily showed the effects of the different
decay rates of the two conductors.

Conductor two was interpreted to occur within the black
shale unit, representing a local region of increased
conductivity. The shale was known not to be
homogeneously conductive, as although OOH RH-18 entered
the black shale at 134 m little EM response was measured
until a thin conductor was intersected at 165m. .

It was concluded that the two interpreted off-hole
conductors and the conductor intersected by RH-18, were
part of the same geological horizon folded into a
synform as represented in figure 10. As the conceptual
target at Red Hills was sulfide mineralisation occurring
at the base of the shale horizon, it was recommended
Conductor 1 be diamond drill tested, as due to its
significant conductivity, it was potentially sulfide
mineralisation. DOH RH-19 drilled to test this
conductor, did not intersect any base metal
mineralisation, but intersected a black shale unit
between 192-206m. This shale, intersected 30m below the
modelled sulfide position, is equated as being the
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Conclusions

The UTEM and DHEM anomalies identified at the Red Hills
Prospect have been explained by a flat lying block of
shale occurring at depth, and to the west of the main
shale horizon. Consequently no further exploration of
the Red Hills Prospect can be recommended.

The flat dip of the main western conductor was only
interpreted after a distinct asymmetry was noted in the
DHEM data for DOH RH-18. The asymmetry the 1988-89 UTEM
anomaly exhibited was initially explained by suggesting
a half-space response was superimposed on the deep
conductors response, causing the cross-over point of the
anomaly to separate from the zero level, producing the
anomalies asymmetry. If no half-space response is
present , the cross-over point and zero level, of an
anomaly, are coincident. The effect of the half space
response could have been investigated by energising the
conductors from a loop on the opposite side of the
conductors to the initial loop. If the resulting UTEM
anomaly had a larger positive response, than negative
response, a strong half space response could be assumed.
If the large positive response of the initial anomaly,
was matched by a large negative response, then the
conductor could have been interpreted as shallowly
dipping.

433290

Hence, this shale must
local conductivity,
DOH RH-18.

interpreted western conductor.
represent an area of increased
similar to that intersected in

DOH RH-18 was drilled to test a conductor, interpreted
from the 1988-89 UTEM data, to occur west of the shale
horizon. This hole failed to intersect base metal
mineralisation. A Sirotem survey conducted in DOH RH-18
suggested a conductor occurred off-hole from DOH RH-18
and consequently a 3 loop follow-up Em-37 survey was
conducted. Interpretation of the DHEM survey and
surface Em-37 data suggested two off-hole conductors
were present. The eastern conductor was interpreted as
being non prospective, due to it occurring within the
shale, while the western conductor was interpreted as
being potentially sulfides due to its significant
conductivity. DOH RH-19 drilled to test the western
conductor, intersected a shallowly dipping black shale
horizon that was correlated with the interpreted
conductor. This shale horizon must represent an area of
increased conductivity within the shale. The synformal
nature of the conductive zone, interpreted from the DHEM
was confirmed by the geological interpretation of DOH
RH-18 and DOH RH-19.
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QUATERNARY 4333~O

Pleistocene glacial deposits, mainly till.

CAMBRIAN

Tyndall Group

Volcaniclastic conglomerate (possibly Jukes
Conglomerate correlate?).

Green grey ash volcaniclastic or siltstone.

Quartz phyric lapilli volcaniclastics,
moderately to intensely sericitised.

Quartz phyric dacitic lavas in places
intensely chloritised.

Central Volcanic Complex

Breccia volcaniclastic commonly with a
range of lithic clasts including; black shale,
felsic lava and odd minor pyritic sulphide
clast.

Lapilli volcaniclastics, quartz feldspar
phyric and commonly containing felsic lava
fragments.

Black shale lenses, commonly enclosed by
volcaniclastics.

Polymict lava breccia derived from dacite to
rhyolitic lava fragments.

Pink orange green massive rhyolitic lava commonly
cut by intense haematite quartz and lesser
chlorite vein networks. (Beatrice lava dome).

INTRUSIVES

Porphyry associated with Tyndall Group Volcanics.

90-3190
•
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,j -- QUATERNARY

Pleistocene glacial deposits.

CAMBRO-ORDOVICIAN

Undifferentiated Owen Conglomerate.

CAMBRIAN

Tyndall Group

433323

Volcaniclastic Conglomerate. (Jukes conglomerate
correlate?) In places haematite alteration
developed.

Quartz feldspar phyric lapilli volcaniclastics
commonly sheared.

Quartz feldspar phyric rhyolitic-dacitic lavas
commonly chloritised. In places intensely altered
to sericite, silica and pyrite (HA) indicated. In
other areas intense chlorite, k-spar ± magnetite
(minor pyrite) vein stockworkingjalteration is
present.

sticht Range Beds

Siliclastic grey conglomerate and sandstone inter­
bedded with micaceous siltstone, in places minor
interbedded lapilli volcaniclastic lenses.

PRECAMBRIAN

Dominantly pelitic quartz mica phylite.

INTRUSIVES

Porphyry associated with Tyndall Group Volcanics.

Granitic rocks (Murchison Granite).

90-3190 •
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