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SUMMARY

•
Exploration activities carried out on EL 47/96 for the reporting period consisted ofan initial
literature review and report on previous exploration, geophysical interpretations, mapping, and
geochemical surveys involving rock chip and soil sampling.

Focus was targeted on a NE trending magnetic complex in the north west area of the tenement
This magnetic complex thought to be Tyndall Group correlate rocks closely resembling the
Lynchford Tuff, an andesitic-dacitic crystal rich sandstone which is type sectioned south of
Queenstown. Initial investigation on the ground revealed that the rock found in outcrop along a
track that leads to Silver Falls did indeed closely resemble the Lynchford Tuff and that further
thin section and lithgeochemical analysis by past explorers supports a correlation (McKibben
1993, Pasminco 1993).

Soil sampling over the residual soils covering the outcropping sandstone unit gave
disappointing results with peak responses of 50ppm Cu, 374ppm Zn and 233ppm Pb
corresponding to rock chip sample # W263060 taken on a manganiferous altered version of the
sandstone which yielded 838ppm Pb and 154ppm Zn.

Lithogeochemical analysis of selected rock types throughout the tenement showed that rhyolitic
to andesitic rocks are present within the tenement with TilZr ratios from 5.4 to 45.4 present.
Basemetal results of 0.99% Pb in sample # 253059 were encounted at the contact of the
Pinnacles rhyolite and Dundas Group sediments as well as elevated Pb and Zn results from
sample # W263060 mentioned above.

Mapping of the prospect at 1:5000 scale revealed rhyolitic-dacitic lavas, intrusives and
sediments of the Central Volcanic Complex, volcanogenic sediments and quartz - feldspar
porphyries of the Dundas Group and andesitic feldspar crystal rich sandstones of what is
interpreted to be a Tyndall Group correlate the Lynchford Tuff

In light of extensive previous exploration work at the Boco alteration zone and at North
Pinnacles. It was decided that these areas did not warrant further attention with regards to
ongoing exploration.

Exploration for the 1998-99 field season will focus on further exploration east of the Silver
Falls area where interpreted Tyndall Group, particularly the Lynchford Tuff correlate is present.
Further grid cutting to facilitate access for additional mapping and or geochemical sampling /
geophysical surveys is envisaged, and with further encouragement, infill mapping and
geochemical surveys will be employed to generate targets for drilling.
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Appendix 5 Volcanic Facies and Hydrothermal Alteration at the Boco Prospect, EL 47/96,

Tasmania



The main areas of focus for previous exploration have been at the contact or near contact of the
cve and Dundas Group. Two areas of more intense focus have been at:-

Access is via the Murchison Highway to the Boco Siding tum offand then unsealed tracks and
roads maintained by the Forestry and Emu Bay Railway.

Vegetation consists ofbutton grass plains in the eastern portion ofthe tenement to hilly tea tree
scrub and temperate rainforest to the west.

a) the Boco Alteration zone that consists of a series of ryholitic to dacitic
lavas, intrusives and volcanoclastics which have been extensivly quartz­
serecite-pyrite altered.

233006

State Forest - Multiple Use Forest Land
Land vested in HEC

INTRODUCTION1.0

2.0 LAND TENURE

Exploration Licence 34/96 comprises :-

3.0 REGIONAL GEOLOGY

Exploration lieence 47/96 was granted to RGC Exploration on Ill!> April 1996 for an initial
tenn offive years. The tenement is located approximately 10 kilometres north west of the
township of Tullah on the west coast of Tasmania. (Fig I).

EL 47/96 is covered largely by Cambrian rocks of the Mt Read Volcanics. These consist of
rhyolitic to dacitic lavas intrusives and associated volcanoclastics of the Central Volcanics
Complex (CVC), cross cut by mafic dykes and sills, and Dundas Group rocks consisting of
sedimentary, fine to coarse grained turbidite sequences and intrusive quartz - feldspar phyric
porphyries and lavas. Quaternary glacial till represents a large portion of the south eastern part
of the exploration licence.

b) The North Pinnacles area and the contact of the Pinnacles Rhyolite and
the Dundas Group and geochemically Igeophysically anomalous zones
within the rhyolite.

EL 47/96 Boco - North Pinnacles was aquired by RGC Pty Ltd to ascertain if suitable
stratigraphy and rocktypes exist for the development of volcanic hosted massive sulphide
mineralisation (VHMS). Models driving the exploration effort are Rosebery type VHMS base
metal and Henty style gold mineralisation.

Poltock in 1993 described this unit as the representation ofwhat he called the "Silver Falls
Syncline". A repetition of the syncline can also be interpreted to the east of the Pinnacles
Rhyolite with the eastern limb trending north ofBoco Road into EL 47/96. Structural readings
throughout the area both west and east of the Pinnacles rhyolite, also seem to support this.

In the Silver Falls area just outside the western most Boundary ofEL 47/96 a crystal rich
quartz - feldspar phyric sandstone of the Dundas Group has been mapped. This marker unit can
also be observed from previous mapping on both the western and eastern edges of the Pinnacles
rhyolite south of the EL.
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Structurally the tenement exhibits a number oflinear features that can be seen on the regional
magnetics of the area.

A large demagnetised SSE-NNW linear feature, coincident with the Boco alteration has been
interpreted to represent a zone ofmagnetite destruction. Intersecting this dominant structure
are several other structures with a dominant NE-SW trend (Dauth 1997).

Another large scale magnetically anomalous linear signature trending NW-SE in the North
Pinnacles area is also present on the regional magnetics. RGC geophysicists have interpreted it
to be either:-

a) a large late mafic dyke.
b) magnetite/pyrrhotite alteration along a major structure.
c) a pre-existing structure intruded by a mafic dyke.

Due to the lack of displacement of surrounding magnetic stratigraphy, a mafic dyke scenario
seems most likely.

For further detailed geophysical interpretation an, RGC internal report by Dauth 1997 is
attached as Appendix 2 as both written text and associated figures and plans.

4.0 PREVIOUS EXPLORATION

During the reporting period RGC Exploration contracted W. Herrmann to conduct a
comprehensive literature review with regards to exploration history and potential. The report
has been attached as Appendix 4.

5.0 WORK COMPLETED 1996-1997

5.1 Literature Review

During the year RGC contracted W. Herrmann from Walter Herrmann Geoscience Pty Ltd to
conduct a review on previous exploration and potential prospectivity of the entire EL and
volcanic facies and hydrothermal alteration at Boco in March-April 1997. Both these reports
are attached as Appendix 3 and 4 respectively.

Initial findings by Herrmann concluded that the alteration zone at Boco had sufficient
exploration coverage (both geochemical and geophysical) not to warrant further work on the
Boco alteration zone. To add to this, isotopic studies showed that temperature of formation for
the hydrothermal fluids parent to the alteration were not hot enough (-200°C) to transport
economic amounts of ore forming sulphides. Further technical disscussion on Hermmann's
findings can be seen in Appendix 5.

Findings for the North Pinnacles area were similar with drilling, geochemical and geophysical
coverage of the prospective contact between the Pinnacles Rhyolite and the Dundas Group of
sediments offering limited scope for further exploration.
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5.3 Rock chip Geochemistry

The trace of the contact therefore trends NE from the Pinnacles area through the central
portions of the licence and on into the Animal Creek area.

Results of the mapping as a rule confirmed that ofprevious explorers. The contact of the
Lower Dundas Group and the CVC could be seen in a number of locations. Obviously the
contact with the Pinnacles Ryholite in the western part of the tenement can be observed but
other less obvious sites can be seen at :-

238009

P,Zr,V,Ti

Elements

CU,Pb,Zn,Ag

AU,Ag,As,Ba,Br,Ca,Ce,Co,Cr,Cs,Eu
Fe,Hf,lr,K,La,Lu,Mo,Na,Rb,Sb,Sc,Se
Sm,Ta,Te,Th,U,W,Zr,Yb

Method

Neutron Activation
(N701)

AAS (A101)

XRF (X401)

5.2 1:5000 Mapping

• 5385500mN / 380500mE - outside western part of tenement on Boco Road.
• 5386800mN / 382400mE - central area ofEL 47/96 on existing track off

Boco Road.
• 5387200mN / 383800mE - near rail line (eastern most exposure).

Table 1:- Analytical Methods

I :5000 scale mapping was conducted over the tenement in an effort to establish continuity with
previous maps and redefine areas ofinterest and or doubt. To achieve this a collage of past
explorers, Mines department and inhouse mapping and interpretation was utilised to gain a
regional and local geological picture of the licence and surrounds.

A large magnetic complex east of Silver Falls has been correlated to Tyndall Group rocks with
the magnetic trace and associated outcrop likened to the Lynchford Tuff south of Queenstown.
Comparative petrological studies by Pasminco and lithogeochemical analysis by McKibben in
1993 seem to support this. It could therefore be stratigraphically interpreted that this magnetic
unit is in fact a Tyndall correlate (Mt Cripps Subgroup ?), with outcrops in the core of the
Silver Falls Syncline (Southwell Subgroup) as described previously in Section 3.0 and Poltock
1993. Further detail is portrayed as Plans 1 and 2 within this report.

In order to c1assiry and distinguish certain rock types on EL 47/96, lithogeochemical sampling
was undertaken on those rocks thought to be chemically distinctive. Multielement analysis was
achieved using neutron activation, atomic absorbtion and X-ray fluorescence methods.
Analytical details as follows·

Sample # W253059 returned a result of 0.99 % Pb at the manganiferous contact of the
Pinnacles Rhyolite and Lower Dundas Group sediments. Due to the widespread anomalism at
this contact and the amount of previous exploration effort directed at it, the result was not
considered to be of any real encouragement.
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Lithogeochemically rocktypes in the Boco - North Pinnacles area showed rocks of andesitic
through to rhyolitic composition. Ti / Zr ratios for the fresh unaltered crystal rich sandstone
thought to be 11 correlate of the Lynchford Tuff gave a value of36.2 hence a distinctly andesitit
signature. The Central Volcanic Sequence of rocks and lavas and intrusives from the Dundas
Group had a range of TilZr ratios from 5.4 to 11.5. This is indicative ofryholitic to dacitic
compositions.

Sample locations, field descriptions, Cu, Pb, Zn values and TilZr ratios are shown as figures 2 ­
7 with further analytical data is attached as Appendix I.

5.4 Soil Sampling

A total of twenty four C horizon soil samples (W263059-60, W263062-69 & 71-72) were
taken on 20m centres along those parts of the track leading to Silver Falls where residual soils,
subcrop and some outcrop of the look alike Lynchford member is present. The samples were
obtained by using a hand auger for approximately 2.5 kg of residual soil.

The aim ofthis survey was to observe if any obvious geochemical anomalism resulted with
regards to basemetals and gold. Again neutron activation and AAS methods (as in Table I),
were used for analysis.

Results gave disappointing results with peak responses of50ppm Cu, 374ppm Zn and 233ppm
Pb corresponding to rock chip sample # W263060 taken on a manganese altered version of the
sandstone which yielded 838pprn Pb and 154ppm Zn. Although these Zn and Pb responses
could be considered elevated it is probably due to surficial enrichment.

Sample sites and Pb, Zn values can be seen as Figures 8 - 10 and analytical data is attached as
Appendix 2.

5.5 Geophysical Interpretation

To aid in geological interpretation RGC geophysicists in Perth conducted an open file magnetic
interpretation ofEL 47/96. Some mention of the findings are in Section 3 and further details
can be seen as Appendix 3 in the format of an internal report.

6.0 FUTURE EXPLORATION

Exploration for the 1998-99 field season will focus on further exploration east of the Silver
Falls area where interpreted Tyndall Group, particularly the Lynchford Tuff correlate is present.

Further grid cutting to facilitate access for further mapping and or geochemical sampling I
geophysical surveys. With further encouragement it is envisaged that infill mapping and
geochemical surveys will be employed to generate targets for drilling

4
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GRAINSIZE
B - Breccia
C - Coarse
M - Medium (Sandy)
F - Fine (Silty)
V - Very fine (Shaley)
A - Ashy
I - Undifferentiated
X - Crystal Rich
P - Pumiceous

CRYSTAL TYPE OTHERS
X - Crystal rich TILL - Glacial moraine
A - Aphyric CLAY - Glacial clays
F - Feldspar phyric SILT - Black pyritic siltstone
< - Feldspar - quartz phyric FALT - Fault
> - Quartz - feldspar phyric CARB - Massive Carbonate
Q - Quartz phyric CBBX - Carbonate breccia
H - Homblende phyric VEIN - Vein
P - Pyroxene phyric GWAC - Greywacke
B - Biotite phyric CONG - Siliciclastic Conglomerate
V - Vitric I glassy SAND - Siliciclastic Sandstone
L - Lithic rich XXXXIYYYY - Interbedded units
R - Reworked, commonly with Carbonate matrix

RGC EXPLORATION (ZEEHAN) - ROCK CODES '13"301) ,
I.. ' ':"J

ego AOC7
Strong albite-chlorite-carbonate alteration
(albite>chlorite>carbonate, albite = 7)

N - Scale
1 - Very Weak
3 - Weak
5 - Moderate
7 - Strong
9 - Intense

U - Volcanic (general)
V - Volcaniclastic
E - Epiclastic
L - Lava
I - Intrusive

P - Pyrite
$ - Mineralised
Q - Quartz
0- Chlorite
C - Carbonate
H - Hematite
S - Sericite
K - K feldspar
A - Albite
E - Epidote
F - Fuchsite
M - Magnetite
L - Limonite

COMPOSITION
R - Rhyolite
Y - Rhyodacite
D - Dacite
A - Andesite
B - Basaltic
F - Felsic
M - Mafic
U - Ultramafic

ALTERATION

TYPE
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METHOD ELEMENJ DETECTION LIMIT LAB RGC Refer. # Analab Refer. #

AAS Cu 2pprn Analabs Burnie 0599 BU013922
Pb 3pprn Analabs Burnie 0599 BU013922
Pb2 0.01% Analabs Burnie 0599 BU013922
Zn 2pprn Analabs Burnie 0599 BU013922
Ag 1ppm Analabs Burnie 0599 BU013922

XRF P 30pprn Analabs Burnie 0599 BU013922
Zr 5pprn Analabs Burnie 0599 BU013922
V 5pprn Analabs Burnie 0599 BU013922
Ti 100pprn Analabs Burnie 0599 BU013922

NAA Au 5ppb Lucas Heights NSW 0599 BU013922
Ag2 5pprn Lucas Heights NSW 0599 BU013922
As 1ppm Lucas Heights NSW 0599 BU013922
Ba 100pprn Lucas Heights NSW 0599 BU013922
Br 1ppm Lucas Heights NSW 0599 BU013922
Ca 1ppm Lucas Heights NSW 0599 BU013922
Ce 2pprn Lucas Heights NSW 0599 BU013922
Co 1ppm Lucas Heights NSW 0599 BU013922
Cr 5pprn Lucas Heights NSW 0599 BU013922
Cs 1ppm Lucas Heights NSW 0599 BU013922
Eu 0.5pprn Lucas Heights NSW 0599 BU013922
Fe 0.02% Lucas Heights NSW 0599 BU013922
Hf 0.50pprn Lucas Heights NSW 0599 BU013922
Ir 20ppb Lucas Heights NSW 0599 BU013922~--

-~--

K 0.20% Lucas Heights NSVV 0599 BU013922
-----

La 0.50pprn Lucas Height~ N~IN 0599 BU013922
Lu 0.20pprn Lucas Heights NSW 0599 BU013922
Mo 5pprn Lucas Heights NSW 0599 BU013922

f-. Na 0.01% Lucas Heigh~NSW 0599 BU013922
--~-,,_._-- ---

Rb 20pprn Lucas Heights NSW 0599 BU013922
Sb 0.20pprn Lucas Heights NSW 0599 BU013922
Sc 0:1 ppm Lucas Heights NSW 0599 BU013922
Se 5pprn Lucas Heights NSW 0599 BU013922

-

BU013922-Srn 0.2pprn Lucas Heights NSW 0599
Ta 1ppm Lucas Heights N~W 0599 BU013922- ---

Te 5pprn Lucas Heights NSW 0599 BU013922
--- ---

Th 0.5pprn Lucas Heights NSW 0599 BU013922
U 2pprn Lucas Heights NSW 0599 BU013922
W 2pprn LU.cas Heights NSW 0599 BU013922
Zn2 100pprn Lucas Heights NSW 0599 BU013922
Zr2 500PPlTi Lucas Heights NSW 0599 BU013922

-- --
Yb 0.5pprn Lucas Heights NSW 0599 BU013922



263059 5387850 378940 LR< 56 >10000 0.99% 93 123 1 -5 70 I 217 2930 2 1 414 , 94 I 163
263060 5388780 377390 VDF 44 838 NA 154 207 3 -5 20 ! 39 262 3 -1 2000 439 I 49
263062 5388810 383140 LD 7 3 NA 15 -100 -1 -5 -5 3 1650 -1 -1 214 4 -5
263063 5388750 383160 LD< 6 -2 NA 65 107 -1 ! -5 ! 5 22 3250 2 -1 96 -1 213
263064 5388675 383190 LR< 14 2 NA 67 114 -1 , -5 -5 2 1810 4 -1 164 -1 -5
263065 5387880 382420 LD 7 8 NA 59 101 -1 -5 -5 1 1270 -1 -1 100 -1 366
263066 5387830 382420 LR>F 7 -2 NA 28 -100 1 -5 5 -5 1350 2 -1 116 -1 10
263067 5385530 381370 IDF 8 -2 NA 37 -100 -1 -5 -5 2 935 2 -1 127 3 116
263068 5387250 378690 LR> 7 438 NA 6 -100 1 5 -5 65 1920 2 -1 149 -1 -5
263069 5387120 378840 LR< 5 36 NA 13 -100 -1 5 -5 162 2480 2 -1 130 I -1 87
263071 5384500 382070 LDF 6 -2 NA 14 -100 -1 -5 -5 2 564 1 1 78 I 12 13 I
263072 5388440 378600 I VDF!' 19 -2 NA ! 87 166 -1 -5 -5 4 1900 -1 3 63 32 79 ,

I I I I ,

Project Boco File BOCGAS.DAT Wed Mar 04 09:53 1998

CRCOCE

Page 1a

CABRBAASAUAG2AGZN2ZNPB2PBROCK CUEASTNORTHSAMPLE

•

--------------------



UJ
(,'1
o
(()

c")
C·J

Project Boco File BOCGAS.DAT Wed Mar 04 09:44 1998 page Ib

ZRZR2WUTHTETA8MSESC5BRBNAMOLULAKIRHFFEEUC5
7 1 2 5 -20 3 52 a 13 a 135 8 16 -5 I 6 I -1 -5 12 4 -2 -500 178__
4 1 8 6 20 1 7 a -5 0 20 2 53 -5 I 2 2 -5 10 3 -2 -500 201
-1 3 1 5 -20 3 122 1 -5 2 80 0 6 -5 13 2 -5 17 4 -2 -500 162
1 1 2 11 -20 3 46 1 11 3 90 0 I 6 -5 8 2 -5 26 6 -2 -500 150
2 2 2 13 -20 4 80 1 -5 3 125 a 10 -5 11 -1 -5 30 8 2 500 442
1 2 2 4 -2 a 1 54 0 -5 1 40 a 5 -5 7 1 -5 15 3 -2 -500 459
-1 1 1 6 -20 1 58 0 -5 5 30 a 6 5 8 2 -5 19 4 : -2 -500 139
3 2 3 8 -20 3 55 1 5 1 185 1 11 -5 10 1 -5 25 6 -2 -500 252
2 1 0 5 -20 3 107 1 -5 2 90 1 5 5 8 1 -5 19 6 -2 -500 166
-1 1 0 8 -20 4 62 1 -5 4 90 2 7 -5 8 3 -5 25 6 -2 -500 214
4 1 3 7 -20 3 35 1 -5 2 135 1 9 -5 6 2 -5 23 7 -2 -500 206
4 2 9 5 -20 3 28 0 -5 3 95 -0 i 38 -5 7 -1 I -5 5 -2 -2 -500 130

I I
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YB TI V P
2 3238 74 332
2 7285 302 273
5 2235 36 91
4 1224 5 110
4 2403 12 236
3 2959 22 266
3 1149 -5 89
4 2919 55 478
4 1206 5 155
4 1332 -5 128
4 1904 23 243
3 5909 256 477
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METHOD ELEMEN;!" DETECTION LIMIT LAB RGC Refer. # Analab Refer. #

AAS Cu 2ppm Ana/aOO Bumie 0600 BU013923
Pb 3ppm Analabs Bumie 0600 BU013923
Zn 2ppm Analabs Bumie 0600 BU013923
Ag 1ppm Analabs Bumie 0600 BU013923

NAA Au 5ppb Lucas Heights NSW 0600 BU013923
As 1ppm Lucas Heights NSW 0600 BU013923
Ba 100ppm Lucas Heights NSW 0600 BU013923
Br 1ppm Lucas Heights NSW 0600 BU013923
Ca 1ppm Lucas Heights NSW 0600 BU013923_
Ce 2ppm Lucas Heights NSW 0600 BU013923
Co 1ppm Lucas Heights NSW 0600 BU013923
Cr 5ppm Lucas Heights NSW 0600 BU013923
Cs 1ppm Lucas Heights NSW 0600 BU013923
Eu 0.5ppm Lucas Heights NSW 0600 BU013923
Fe 0.02% Lucas Heights NSW 0600 BU013923
Hf 0.50ppm Lucas Heights NSW 0600 BU013923
Ir 20ppb Lucas Heights NSW 0600 BU013923
K 0.20% Lucas Heights NSW 0600 BU013923
La 0.50ppm Lucas Heights NSW 0600 BU013923
Lu 0.20ppm Lucas Heights NSW 0600 BU013923
Mo 5ppm Lucas Heights NSW 0600 BU013923
Na 0.01% Lucas Heights NSW 0600 BU013923
Rb 20ppm Lucas Heights NSW 0600 BU013923
Sb 0.20ppm Lucas Heights NSW 0600 BU013923
Sc 0.1ppm Lucas Heights NSW 0600 BU013923
Se 5ppm Lucas Heights NSW 0600 BU013923-
Sm 0.2ppm Lucas Heights NSW 0600 BU013923
Ta 1ppm Lucas Heights NSW 0600 BU013923
Te 5ppm Lucas Heights NSW 0600 BU013923
Th 0.5ppm Lucas Heights NSW 0600 BU013923
U 2ppm Lucas Heights NSW 0600 BU013923

-

W 2ppm Lucas Heights NSW 0600 BU013923
Zn2 100ppm Lucas Heights NSW 0600 BU013923

--

f-. Zr2 500ppm Lucas Heights NSW 0600 BU013923
Yb 0.5ppm Lucas Heights NSW 0600 BU013923
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SAMPLE TYPE NORTH EAST CD PB ZN AG ADPPB AS BA BR
W2630731 Sal 5388403 378722 18 5.000 173.000 2.000 <5.0 <1. 0 375.000 10.000
W2630741 son 5388405 378699 29 24.000 86.000 2.000 <5.0 5.000 689.000 7.0QO
W263075 son 5388410 378676 19 24.000 74.000 2.000 <5.0 4.000 794.000 4.000
W263076 Sal 5388420 378660 19 21.000 70.000 1.000 <5.0 7.000 704.000 4.000
W263077 Sal 5388431 378643 31 30.000 66.000 2.000 <5.0 12.000 804.000 23.000
W263078 Sal 5388436 378623 31 20.000 62.000 3.000 <5.0 8.000 599.000 26.000
W263079 Sal 5388438 378603 23 42.000 62.000 3.000 <5.0 8.000 313.000 10.000
W263080 son 5388439 378583 5 ' 9.000 21.000 1.000 <5.0 <1.0 1260.000 15.000
W263081 son 5388432 378566 4 36.000 15.000 1.000 <5.0 <1.0 1260.000 7.000
W263082 son 5388425 378550 6 5.000 13 . 000 1.000 <5.0 <1.0 923.000 6.000
W263083, son 5388768 377400 10 27.000 35.000 1.000 <5.0 2.000 946.000 10.000
W263084: Sal 5388782 377387 , 17 23.000 131.000 4.000 <5.0 7.000 388.000 27.000
W263085 son 5388800 377379 14 62.000 77.000 2.000 <5.0 32.000 525.000 20.000
W263086 son 5388818 377377 31 35.000 , 105.000 3.000 <5.0 10.000 613.000 37.000
W263087 son 5388838 377380 23 115.000 218.000 4.000 <5.0 7.000 353.000 127.000
W263088 son 5388855 377388 26 141.000 228.000 3.000 <5.0 6.000 349.000 38.000
W263089 sal 5388873 377400 30 129.000 105.000 2.000 <5.0 21. 000 343.000 46.000
W263090 sal 5388888 377400 17 37.000 72.000 3.000 <5.0 10.000 270.000 . 45.000
W263091 sal 5388901 377388 34 87.000 260.000 4.000 <5.0 8.000 564.000 18.000
W263092 sal 5388915 377374 44 233.000 329.000 3.000 <5.0 7.000 414.000 20.000
W263093 Sal 5388932 377364 45 131.000 374.000 3.000 <5.0 12.000 386.000 48.000
W263094 Sal 5388948 377351 50 127.000 372.000 3.000 <5.0 12.000 489.000 32.000
W263095 Sal 5388956 377331 15 49.000 50.000 2.000 <5.0 27.000 522.000 35.000
W263096. Sal 5388966 377318 12 65.000 89.000 2.000 <5.0 15.000 134.000 159.000

,
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LULAIRPPBHFFE%EUCSCRcoCECA 0

<1.0 70.000 20.000 38.000 5.000 1. 000 4.170 9.900 <20.00 1.700 27.900 0.600
<1. 0 ,

126.000 11. 000 139. 000 15.000 1. 500 4.270 8.400 <20.00 3.400 57.800 0.700,

<1. 0 113. 000 8.000 95.000 13.000 1. 500 3.550 8.400 <20.00 3.100 49.300 0.600
<1.0 104. 000 8.000 140.000 14. 000 1. 300 3.260 6.600 <20.00 3.700 46.700 0.500
<1.0 85.000 13.000 96.000 8.000 1. 200 7.790 7.900 <20.00 2.400 31. 300 0.400
<1. 0 105.000 19.000 179.000 3.000 0.800 14.700 6.000 <20.00 0.900 4.000 0.200
<1. 0 63.000 8.000 37.000 2.000 <0.5 7.170 7.900 <20.00 0.700 10.100 0.400
<1.0 95.000 2.000 54.000 5.000 1.300 0.810 11.100 <20.00 2.500 39.800 0.800
<1.0 183.000 1. 000 92.000 14.000 1. 600 I 1. 020 8.900 <20.00 4.400 79.700 0.600
<1.0 35.000 2.000 169.000 10.000 0.600 1.070 8.600 <20.00 3.700 13.800 0.500
<1.0 85.000 2.000 96.000 19.000 0.800 1. 880 7.800 <20.00 3.800 32.200 0.500
<1.0 129.000 41.000 109.000 5.000 <0.5 10.900 5.800 <20.00 0.600 4.800 <0.20
<1.0 50.000 3.000 34.000 7.000 0.700 6.970 10.900 <20.00 1. 800 21.800 0.600
<1. 0 14.000 11.000 162.000 3.000 <0.5 16.800 6.900 <20.00 0.600 3.700 0.200
<1. 0 39.000 30.000 84.000 3.000 0.500 13 .100 6.400 <20.00 0.400 6.700 0.200
<1. a 78.000 36.000 48.000 2.000 <0.5 10.200 9.500 <20.00 0.200 9.100 0.500
<1. 0 30.000 12.000 115.000 8.000 <0.5 10.900 8.300 <20.00 1. 400 5.600 0.400
<1. 0 50.000 17.000 105.000 2.000 <0.5 9.300 7.900 <20.00 0.400 8.900 0.200
<1. 0 220.000 49.000 60.000 3.000 0.900 9.620 8.200 <20.00 1. 300 20.300 0.400
<1.0 77 .000 39.000 91.000 3.000 0.700 11.200 5.700 <20.00 0.800 13.600 0.300
<1.0 177.000 22.000 55.000 9.000 1.100 5.800 8.600 <20.00 1.800 33.600 0.500
<1.0 89.000 18.000 84.000 6.000 1.700 9.550 7.200 <20.00 1.700 36.400 0.500
<1.0 75.000 3.000 24.000 7.000 1. 200 3.630 6.000 <20.00 2.000 40.200 0.200
<1.0 54.000 <1. 0 167.000 3.000 1. 600 4.450 8.600 <20.00 0.500 25.500 0.400

\
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WuTHTETASMSESCSBRBNA%MO
<5.0 0.440 70.000 0.900 22.600 <5.0 5.700 2.000 <5.0 17.700 2.000 <2.0
<5.0 0.130 185.000 1.100 20.300 <5.0 9.300 1. 000 <5.0 19.300 4.000 <2."
<5.0 0.200 150.000 1.400 21. 200 <5.0 7.900 2.000 <5.0 16.800 4.000 <2.0
<5.0 0.140 180.000 1. 400 23.700 <5.0 7.200 <1. 0 <5.0 15.100 3.000 5.000
<5.0 0.080 130.000 1. 200 41.600 <5.0 5.500 2.000 <5.0 15.900 4.000 <2.0
<5.0 0.020 45.000 0.900 79.500 <5.0 2.400 1. 000 <5.0 7.900 <2.0 <2.0
<5.0 0.030 40.000 1.400 40.000 <5.0 1. 900 2.000 <5.0 17.100 5.000 <2.0
<5.0 0.030 110.000 0.300 15.200 <5.0 7.100 2.000 <5.0 23.100 5.000 <2.0
<5.0 0.100 205.000 0.700 21.900 <5.0 10.200 2.000 <5.0 19.600 3.000 <2.0
<5.0 0.100 175.000 0.700 19.900 <5.0 2.600 <1. 0 <5.0 12.200 5.000 <2.0
<5.0 0.070 185.000 1.800 20.500 <5.0 5.600 1.000 <5.0 25.900 4.000 <2.0
<5.0 0.020 25.000 2.300 62.000 <5.0 1. 800 1.000 <5.0 7.700 <2.0 <2.0
<5.0 0.040 115.000 2.100 16.000 <5.0 4.300 1.000 <5.0 21. 600 5.000 <2.0
<5.0 0.020 30.000 0.700 92.900 <5.0 1.700 1. 000 <5.0 8.100 <2.0 <2.0
<5.0 0.040 <20 1. 800 50.400 <5.0 2.100 2.000 <5.0 9.700 <2.0 <2.0
<5.0 0.030 25.000 1.200 40.600 <5.0 2.200 2.000 <5.0 19.300 5.000 <2.0
<5.0 0.060 90.000 2.200 42.900 , <5.0 1. 500 2.000 <5.0 20.400 4.000 <2.0
<5.0 0.040 25.000 1. 600 31. 000 <5.0 1.500 2.000 <5.0 11.700 3.000 <2.0
<5.0 0.040 65.000 1.500 47.600 <5.0 3.500 1. 000 <5.0 13.700 4.000 <2.0
<5.0 0.030 55.000 1. 800 50.200 <5.0 2.900 1. 000 7.000 7.000 <2.0 <2.0
<5.0 0.070 80.000 5.100 29.700 <5.0 4.900 2.000 <5.0 15.900 3.000 4.000
<5.0 0.390 95.000 3.100 32.400 <5.0 6.600 3.000 <5.0 14.300 4.000 <2.0
<5.0 0.120 80.000 6.000 11.700 <5.0 4.200 <1. 0 <5.0 9.800 3.000 <2.0
<5.0 2.960 <20 2.100 13.800 <5.0 4.400 <1. 0 <5.0 10.700 4.000 <2.0

i
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ZR YB
<500 3.7
<500 4.3
<500 4.1
<500 3.8
0.060 2.9
<500 1.6
<500 2.4
<500 4.9
<500 3.8
<500 3.5
<500 3.7
<500 1.2
0.060 4.0
<500 1.9
<500 1.7
<500 I 3.7
<500 2.7
<500 1.8
<500 2.7
<500 2.0
<500 3.1
<500 3.1
<500 1.4
<500 2.6

•
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APPENDIX 3 - GEOPHYSICAL INTERPRETATION
(RGC Internal report)
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SUMMARY

Reported herein are results of an interpretation of helimagnetic data from the Boco Project
(ElA7/96) located approximately 60km NE of Zeehan, Tasmania. The Boco Project is
currently being explored by RGC Exploration for its potential to host Rosebery style VHMS
mineralisation, or alternatively a similar mineralisation style to that observed at the Henty Gold
Mine. The helimagnetic survey was flown in 1991 for Pasminco Exploration, who then held
the ground. This data has subsequently been obtained from the Tasmanian Mines Department
by RGC Exploration at minimal cost and re-interpreted.

The survey was flown by GEOINSTRUMENTS Pty Ltd at 100m line spacing on east-west
oriented lines at 80m nominal terrain clearance. The survey is of relatively high quality,
although certain specifications would not be regarded as suitable by current standards. The
survey was visually navigated (which may introduce errors of up to 100m in flight path
recovery), and flown with a towed bird magnetometer at 80-100m terrain clearance (current
day systems would facilitate use of a stinger mounted magnetometer flown at 20-30m terrain
clearance).

The main aim of interpretation and computer modelling of the helimagnetic data was to assist
with the geological understanding of the project area, and in addition, identify discrete
structural targets for further investigation.

The project area comprises units of the Cambrian Mount Read Volcanics, including volcanic,
and volcaniclastic sequences of the Central Volcanic Complex, stratigraphically overlain by
the interbedded volcanogenic units of the Dundas Group. Much of the previous exploration
has focused on the Boco alteration zone, a NNE-SSW oriented linear zone with pervasive
pyrite alteration. This is found to be relatively coincident with a demagnetised zone in the
helimagnetic data, conceptually related to magnetite destruction within the alteration zone. The
linear demagnetised zone is situated within a relatively high amplitude package of magnetic
lineaments, thought to correspond to andesitic lavas intennixed with felsic and intermediate
volcanics. These are stratigraphically underlain to the east by a non-magnetic domain
considered to represent dominantly felsic volcanic rocks. To date, exploration along this
demagnetised zone has failed to identify significant accumulations of economic minerals.

To the north-west of the alteration zone, a broad wavelength (>4km diameter) ovoid magnetic
anomaly up to 75nT in amplitude is thought to be due to a large magnetic porphyry intrusive.
Computer modelling of the broad wavelength anomaly suggests the source is relatively
shallow (<lOOm in places) with a magnetite content unlikely to exceed 0.05% (derived from
the modelled magnetic susceptibility of 0.003 SI units). The anomaly was modelled with II
polygonal stacked layers of variable shape fonning an irregular surface extending to depth.
Local short wavelength anomalies are most likely to represent shallower parts of the intrusive
and are not considered to represent volcanic stratigraphy. The significance (if any) of the
intrusive is not known, and it is not considered to form an exploration target.

In the western part of the tenement, a synclinal structure is identified in the magnetic
stratigraphy. Modelled dips on the outer limbs of the folded magnetic stratigraphy suggest the
fold forms a northerly plunging syncline. Dips varied from 45°-75° towards the centre of the
fold, and magnetic susceptibilities ranged from 0.001-0.006 SI units. The change from
relatively non-magnetic stratigraphy to abundant magnetic lineaments within the folded
structure is most likely representative of a change from non-magnetic volcanogenic sediments
of the Dundas Group, underlying the magnetic sandstone and siltstone horizons of what is
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233036
thought to be a Tyndall Group correlate (Mt Cripps Subgroup). Identification of significant
structures at this contact, and within the Dundas Group units is considered the primary
objective for delineation of targets for the Henty Gold Mine style of mineralisation. Two
structures are evident within EL47/96, however these are considered secondary. A major
lineament showing a positive magnetic anomaly striking NW-SE extends through the
interpreted syncline and into the Dundas Group. The geological nature of the lineament is not
known, and it is postulated to be either a late mafic dyke intrusion, or a magnetite enriched
structure, the latter may present a viable target for further investigation. There is some
evidence, through a truncation of the magnetic signature of the eastern most stratigraphic
horizon of the syncline, that a structure strikes NNE-SSW along the contact between the
postulated Tyndall Group and Dundas Group magnetic responses. This is highly speculative
and solid evidence is not provided in the magnetic data. Further to the north of EIA7/96, the
folded magnetic structure does appear to be intersected by several significant NE-SW and
NW-SE striking fault/shear zones that would conceptually be of interest for exploration.

No targets for immediate follow-up have been derived from the helimagnetic interpretation
and modelling, however, the results should be used as a guide for further mapping and target
generation using alternative techniques such as electrical geophysics or geochemistry.

ii
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2. GEOLOGICAL SETTING
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Pasminco EXPLORATION PTY LTD
Airborne Geophysical Survey
Boco, Tasmania
GEOINSTRUMENTS PTY LTD

It is possible that the postulated Tyndall Group correlates may have the potential to host
•similar mineralisation to that observed at Henty. Arguably fault related, whether genetic or not,

the Henty mineralisation does have a spatial association with the Henty Fault Zone. This is a
large fault zone readily identified as a lineament bounding two magnetic textural domains in •
the helimagnetic data of that region. It is not unreasonable to suggest that a similar structure (if
it did exist) mi'ght form a viable exploration target in the western portion of the EL.

The Boco Project is located approximately 60km NE of Zeehan on the west coast of Tasmania
within the SK55-NW 1:250,000 Sheet (location diagram Figure I). The tenement EL47/96
lies within the Cambrian Mt Read Volcanics, and has potential to host both Rosebery style
VHMS mineralisation, and gold mineralisation simifar to that observed at the Hen~ Goid
Mine further to the south.

1. INTRODUCTION

This report presents an interpretation and computer modelling results from • helimagnetic
survey flown at Boco Siding for Pasminco Exploration in 1991. The survey was flown by
GEOINSTRUMENTS Pty Ltd, using a Squirrel helicopter flying at 80m terrain clearance and
100m line separation. The ground was relinquished by Pasminco some time after the survey
was flown, and then picked up by RGC Limited, who have subsequently obtained the
helimagnetic data through the Tasmanian Mines Department. The aim of interpretation of the
helimagnetic data was to increase the geological understanding of the project area, and to try
and focus in on regions or zones considered to have greater potential for mineralisation.

The project is situated within lithologies of the Mount Read Volcanics including the Lower
Dundas Group (and possibly Tyndall Group correlates), and the Central Volcanic Complex
(CVC).

A significant NNE-SSE striking zone of alteration has been identified at Boco (the Bocq
alteration zone), that comprises a pyritic quartz-sericite alteration of a sequence of felsic lavas,
pyroclastics, and minor epiclastics. No significant base or precious metals have be@:n identified
within this zone. Very minor exhalative pyrite is reported within an epiclastic unit. Oxygen
isotope numbers from this alteration zone are reported to be compatible with alteration by a
fluid of seawater origin but at a lower temperature «200°C) than those required to form
substanti'al base metal deposits in a volcanic environment (Green 1986). •

The helimagnetic survey was conducted by GEOINSTRUMENTS Ply Ltd during"ebruary
1991. Survey specifications are detailed below:

Qient:
~rvey:

Area:
Acquisition:

The Lower Dundas Group lithologies occur in the western two-thirds of the EL. The Dund~s

Group rocks consist of a volcanogenic sedimentary fine to coarse grained turbidite sequertces
and intrusive qtz-feldspar porphyries and lavas. These stratigraphically overly a volcanic and
voicalliciastic sequence of felsic to intermediate lavas of the CVe.
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Data Format: ASCII Located Magnetics Data
Job No. 9101

AIRBORNE SURVEY SPECIFICATIONS AND EQUIPMENT

233CJJ
Helecopter: Aerospatiale Ecureuil Squirrel
Magnetometer: Towed bird Geometrics G833 Helium Vapour
Sensitivity: Resolution 0.01 nT
Recording Interval: 0.2 sec (appr. 7 metres)
Spectrometer: Geometrics GR800
Crystal Size: 16.4 I
Flight Line Direction: 090 - 270 degrees
Flight Line Separation: 100 metres
Tie Line Direction: 000 - 180 degrees
Tie line Separation: 2000 metres
Mean Terrain Clearance: nominally 80m metres
Navigation: Visual
Flight Path Recovery: Visually onto aerial photographs
Processed By: Kevron Geophysics
Survey Flown: February 1997

Located magnetic data were obtained from the mines department. These were processed,
gridded, and imaged by RGC Exploration staff. Radiometric data were not processed by the
acquisition contractors, and only raw count rates were supplied on the located data tape. These
have also been gridded, and imaged.

4. RESULTS

The helimagnetic data are of relatively high quality, considering the time of acquisition (ie
prior to GPS positioning and development of a stinger mounted helicopter magnetometer
system). The survey was flown at a relatively high terrain clearance of 100m. The towed bird
containing the magnetometer was located nominally 20m below the helicopter (ie MTC of
80m). Errors in positioning of the bird are likely to exist in the data due to the fact that it was
visually recovered. Discussions with the contractors indicate that the terrain clearance typically
exceeded generally regarded safety margins on the side of caution, and currently such a survey
would be flown with the sensor at 20-30m above ground level.

A suite of images and contour plans have not been placed in the context of this report.
Processing has been completed on the data, and registered images have been placed into the
RGC GIS. The Boco helimagnetic survey data have been overlain on the regional government
flown SOOm line spaced data as a composite image. Initially the two datasets were stitched
together using mathematical algorithms, however, this is not thought to be useful (other than
aesthetically) for interpretation of the data. In fact, the result of different terrain clearances
between the surveys can often lead to erroneous interpretations being made at the boundary of
stitched grids where the boundary has been "disguised". It is considered by the author that the
most useful form of data display is the image of the 1st vertical derivative computed on the
reduced to pole TMI grid. In addition to this image, 2nd horizontal derivative bipole plots
computed along the flight lines, and images of the total magnetic intensity (TMI), and reduced
to pole TMI were utilised in the process of data interrogation. Computer modelling has been
conducted on the raw flight line data to determine likely geometries of magnetic units. For the
purpose of computer modelling, the following geomagnetic field parameters were used:
Magnetic Declination 12.79°

2
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Magnetic Inclination -72.17°
Total Field 62200nT
Barometric height is used as the sensor level for computer modelling, and a ground level has
been derived by subtracting the radar altimeter. The results were surprisingly of good quality.

An image of the 151 vertical derivative of the reduced to pole total magnetic intensity (1 VD) is
presented below for reference in this report. The image includes an outline of ErA7/96, and
bas labels representing the major magnetic units. An interpretation plan of the data is presented
at I :25,000 in Plan I. This is underlain by an intensity image of the sun-shaded I YD, and
includes vectors of mapped geological boundaries.

The major features of the helimagnetic data are described below, (referring to the above labels
A-D):

5cm
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233041
A) This NNE-SSW oriented zone of demagnetisation corresponds with the ground position of

the Boco Alteration Zone. It most likely represents magnetite destruction of the host
lithologies. Several structures with a dominant NE-SW orientation are observed to intersect
this demagnetised zone. The location of these structures is shown of Plan I.

B) This is a broad wavelength (>4km diameter) moderately high amplitude (>75nT) anomaly.
It has been interpreted to be an intrusive porphyry body (Dundas Group). Computer
modelling of the response has been conducted using MODELVISION software. A stacked
section of II polygonal bodies were used to model the broad wavelength response. These
polygonal bodies were assigned magnetic susceptibilities of 0.003 SI units (this would
correspond to a magnetite content of approximately 0.05%), and assumed not to have
remanent components. A plan outlining the magnetic response, and the stacked polygonal
model is presented in Figure 2. A section through the centre of the anomaly is presented in
Figure 3. A perspective view which gives a sense of the 3D nature of the combined model is
presented in Figure 4.

C) The region designated C on the preceding page corresponds to the closure of several
magnetic lineaments about a NNE-SSW oriented axis. This closure represents a northerly
plunging syncline within Dundas Group lithologies. The high amplitude (>lOOnT) magnetic
lineaments most likely represent detrital magnetite within sandstone and siltstone beds
within the Tyndall Group correlates. These have been offset in places (offsets are overlain
on Plan I), and modelling results generally indicate shallow tabular sources (ie depths to the
top of modelled bodies was less than 50m below ground level). Modelled dips indicate the
closed structure is a syncline, with dips varying from 45°-75° towards the centre of the fold.
Modelled magnetic susceptibilities range from 0.001-0.006 Sf units which would
correspond to magnetite contents in the order of 0.1 %. Only several minor faults intersect
the folded structure within EL47/96, and are unlikely to be equivalent in nature to the Henty
Fault. The outer most magnetic lineament of the folded structure is truncated on the eastern
side of the fold, which may represent faulting out by a structure running parallel to the
contact between the non magnetic CVC and the Dundas Group magnetic signatures. The
evidence for such a structure is not very conclusive from the magnetic data, and it forms
only a speculative model.

D) This anomaly refers to a relatively large NW-SE striking positive magnetic lineament
transecting both the interpreted NW syncline, and into the CVe. The lineament does not
displace the intersected magnetic stratigraphy. The orientation, and nature of the magnetic
anomaly is quite uncharacteristic for the Mount Read Volcanics of Western Tasmania, and
therefore, on this basis may be of interest for further investigation. Three possible sources
are postulated for the lineament. These are firstly that it represents a late mafic dyke,
secondly that it represents magnetite/pyrrhotite alteration along a structure, or thirdly, that it
represents a pre-existing structure that has been intruded by a mafic dyke. The latter of the
two may present this structure as a viable exploration target.

5. RECOMMENDATIONS

No immediate targets for direct ground testing have been delineated by interpretation of the
helimagnetic data. The data have confirmed the presence of a synclinal structure within
Dundas Group sediments (possibly Tyndall Group correlates), and show a demagnetised
response that may be correlated with the Boco pyrite-sericite-quartz alteration zone. There are
several sections of the demagnetised zone that have been poorly tested by existing exploration
drilling, however these most likely do not present good targets due to discouraging
geochemical results from this alteration system. Modelling results indicate that a significant
sized intrusive body underlies a large portion of the EL47/96, however there is no reason that
this should present an exploration target.
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2330-12
It is conceivable that the NW-SE striking magnetic lineament (D) could be worthy of
followup, however. testing this region with other exploration techniques such as surface
geochemistry or electrical geophysics would be warranted before any drill targets could be
considered.
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Figure 1. Boco Project Location Plan
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There is moderate potential at North Pinnacles for deeply buried VHMS deposits associated with
the interpreted equivalent of the Rosebery favourable horizon but the findability factor appears to
be low.

233054
SUMMARY

EL 47/96, covering 26km' in the Boco and North Pinnacles area, has a 20 year history of modern
base metal and gold exploration that has mostly been conducted by companies closely connected
with the Rosebery, Hercules and Pinnacles VHMS deposits which represent the most analogous
exploration models for the area.

1

About two thirds of the area has been covered by detailed grid based surveys including soil
geochemistry, IP and TEM and high resolution aeromagnetic and gravity data is available for the
entire area. Twenty diamond core holes, totalling 76OOm, have been drilled to test a variety of
IP/geochemical and conceptual exploration targets. Extensive zones ofquartz-(sericite-pyrite)
alteration have been delineated in felsic volcanics at the Boco and North Pinnacles prospects but no
significant base or precious metals, even remotely approaching economic grades, have been
intersected.

At Boco, no favourable horizon has been identified and the facing direction is uncertain. Despite
the substantial amount of previous drilling and some lines of interpretation which suggest the
hydrothermal alteration system/s may have been barren, truncated by erosion or unrelated to sea
floor volcanism, it is considered to have moderate VHMS potential which could be explored by
more detailed alteration studies and volcanic facies analysis.

A recent interpretation that a correlate of the Lynchford Member exists within the volcano­
sedimentary sequence exposed in the Silver Falls syncline west of North Pinnacles, suggests low
to moderate potential and high to low findability for VHMS and possibly Henty type Au deposits
at this stratigraphic level.

There is unknown to moderate potential for Henty type Au deposits associated with structurally
modified synvolcanic alteration zones situated close to or intersected by major faults in both the
Boco and North Pinnacles areas.
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3 EXPLORATION HISTORY

In the interest of maintaining geological and chronological continuity, the previous exploration
results from Boco, North Pinnacles and other areas are summarised separately, as follows.

EL 47/96, held by Renison Ltd., covers 26km' in the Boco to North Pinnacles area, midway
between the Rosebery and Hellyer mines in western Tasmania.

INTRODUCTION2

Billiton Australia subsequently tendered for ELs 2190-Boco and 8190-North Pinnacles, more or
less covering the southern half of the former EL 12172. After reviewing the data and cursory
lithogeochemical studies, which indicated empirical prospectivity for VHMS deposits at both Boco
and North Pinnacles, Billiton entered ajoint venture agreement, in late 1990, with Pasminco
Exploration which managed exploration up to Billiton's withdrawal in 1994. Pasminco expended
a combined total of $737,099 on the licences between 1990 and their voluntary relinquishment in
1996.

During the period 1972 to 1988 a 94km' area was held by Electrolytic Zinc Co. under EL 12172
(Figure I) and intensively explored, under a series ofjoint venture arrangements, involving EZ
and Getty Oil Development Co. upto 1984, then CSR-EZ-Getty in 1985 and Pancontinental­
Outokumpu-EZ-Little River Goldfields in 1986-87. Exploration work initially included regional
Input EM, stream geochemical and mapping surveys and then focussed on grid based soil
geochemical and IP surveys culminating in drilling at the Boco prospect (14 holes for 5665m) and
North Pinnacles prospect (3 holes =400m).

Modem systematic exploration commenced in the 1960s, when the area was covered by
Comstaffs large EL 5/63, but was initially restricted to a regional stream geochemical survey and
two lines of dipole-dipole IP over the fluvio glacial plain at Boco.

This report presents a comprehensive review of previous geological information and current
exploration potential. It has been prepared by W.Herrmann, under a contract arrangement for
RGC Exploration PIL, on the assumption that RGC's main exploration targets are volcanic hosted
polymetallic massive sulphide (VHMS) deposits and Henty style gold deposits. No new
exploration data have been generated.

Early prospecting efforts in the Boco-North Pinnacles area appear to have been largely
unproductive. Although the altered gossanous outcrops at Boco Siding showed signs of
prospecting, the only documented mineral occurrence is Samuel Smith's lode which reportedly
extends from Boco Creek to the Siding, on a trend of 020" and dip 70"W, (Williams, 1985).

EL 12172 expired in December 1987 but EZ managed to retain a 5km' remnant at North Pinnacles,
for two additional years, to drill a fourth hole and test potential for disseminated gold
mineralisation. The relinquished major part ofELl2l72 was taken up as EL 17/88 by Samisen Pty
Ltd which carried out RRMlP and gravity surveys at Boco.

I
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3.1 Boco

j

1975-77 A regional Barringer INPUT airborne EM survey detected a few fair to poor
conductivity anomalies in the Boco area. An initial gradient array IP survey over the
best Input anomaly (CS27) failed to get a response and it was consequently decided to
apply gradient IP as a reconnaissance exploration method.
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1978

1979

1981

1982-84

EZ established a large grid covering --6krn of strike centred on Boco Siding and
carried out -55km of gradient array IP which indicated numerous (22) significant
"moderate" chargeability anomalies. A C-horizon? (l0-2Ocm depth) geochemical
survey over the southern area (not covered by glacial overburden) was intended to
assist in evaluation of IP but failed to record any anomalies; samples from glacial
covered areas were generally below detection and some false anomalies were found to
be due to contamination on the down slope side of the Emu Bay Railway (which
hauled mineral concentrates to Burnie).

Three short diamond drill holes were completed to test IP anomalous zones:
(Figure 2)

BBP 207 (l59.5m) was collared 900m SW of Boco Siding, near the old Bums Peak
Road and just north of an outcrop of altered volcanics; it intersected intensely silicified
tuffs with disseminated and veiny pyrite contributing upto 3% sulphur and maxima of
200ppm Pb, 1300ppm Zn.

BBP 208, collared near the Murchison Highway, lkm SE of BBP 207, intersected
pink porphyry, tuffaceous sediments and ash flow tuffs with patchy vein/disseminated
pyrite; maxima 2% sulphur, 14SOppm Ph, 2600ppm Zn. Graded bedding in the
volcaniclastics indicated facing and dip to the east.

BBP 209, 700m NW of BBP 207 just north of the new Boco (forestry) Road,
intersected auto brecciated felsic porphyritic lavas, ash flow tuffs and sheared siliceous
tuffs with rare pyrite (patchy upto 3% sulphur, maxima lSOppm Ph, 4000ppm Zn)
and stockworks of Fe-Mn veinlets.

The Boco grid was extended to the west (17.5 line km) and covered by gradient array
IP but no anomalies were found.

A dipole-dipole survey over the 1977 gradient IP anomalies produced similar results
but with less resolution at depth. It was concluded that the best targets at Boco had
already been drilled and found to be lacking significant mineralisation.

Grid extensions from the SE comer were covered by soil geochemical survey which
yielded no anomalies and a line of 100m dipole-dipole rP which found three
anomalous zones, the western most of which had previously been tested by BBP 208.
These lP anomalies were written off as probably representing barren sulphide (pyrite)
responses of the type intersected in BBP 207.

Mitre Geophysics reviewed theBoco IP results and found that:
* Poor line cutting had resulted in variable data density so that some anomalies were

isolated one liners.
* Gradient IP was susceptible to glacial responses; it was suspected that most

anomalies were not bedrock responses.
* Dipole-dipole IP subsequent to drilling of BBP 207,208 & 209 suggested that the

holes may not have adequately tested the anomalies; these holes had been sited on
one line anomalies rather than anomalous zones, thereby increasing the likelihood
of spuriosity.

A review of the Boco prospect concluded that the geological environment (subaqueous
sediment lenses in felsic volcanics) was favourable for VHMS deposits and the quartz­
sericite-pyrite alteration intersected by BBP 207 (comparable to Rosebery host
volcanics?) was iuferred to extend beneath the glacial plain. Although the glacial cover
had masked IP and geochemical responses there was sufficient space for orebodies
between areas of reliable bedrock data.

•
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A further 8 angled diamond core holes were drilled (4 to the east and 4 to the west) to
test the alteration zone and obtain geological information on sections spaced 150m to
400m apart over -14OOm of strike (Figure 2).

CSRjoint ventured in to further investigate the Boco alteration zone; particularly to
drill test the undefined northern extensions, the alternative concept that the favourable
horizon could lie along the eastern margin of the alteration zone and a downhole
SIROTEM response suggesting a conductor east of BBP 254 (Williams, 1985).

439.5m

358.Orn
379.5m

BBP250
BBP251
BBP253
BBP254

457.5m
525.0m
382.5m
577.5m

BBP242
BBP246
BBP247
BBP248

Major and trace element geochemistry of bedrock samples from percussion holes Ito
10 and BBP 207 showed that the alteration zone was associated with slight SiO,
enrichment, strong Na,O and Sr depletion and a general decrease in Na,O westward
from PDH 4, through BBP 207, to PDH 3. This was taken to indicate a westward
facing alteration zone with an increase in alteration intensity up through the "footwall".

A limited lITEM survey, which was conducted part way through this drilling
programme, detected three weakly conductive anomalies (labelled A,B,C in Figure 2).
Anomalies A and B were tested by BBP 253 and BBPs 251 & 254 respectively but no
significant conductors were intersected and the lITEM responses were subsequently
attributed to conductive layers within the glacial cover.

BBP 251 intersected a lOrn thick laminated pelitic ash siltstone with thin (syngenetic?)
pyritic bands near the western margin of the alteration zone; this was regarded as a
potential favourable horizon but could not be traced 200m to the north in BBP 254
which intersected a different sequence of altered lavas.
BBP 253 closed off the alteration zone to the south but the strong alteration and
subaqueous volcanic setting, with possible analogies to Kuroko and Que River, were
regarded as very favourable and further driUing to the north was recommended.

EZ carried out a 12 hole vertical percussion drilling programme (Figure 2) in an
attempt to map out the alteration zone beneath glacial cover. The programme was only
partly successful in that 10 holes reached bedrock (at depths ranging from 20 to 104m)
but it did partly define the limits ofthe alteration zone and led to the interpretation that
it was stratiform, -200m wide and with a strike length of Ikm open to the north and
south. Geochemistry of bedrock samples indicated mostly low values in the leached
oxide zone, maximum values were 115ppm Pb and 1600ppm Zn in PDH 3 near BBP
207.

AU driU holes, except BBP 246, were surveyed by downhole SIROTEM which
produced noisy data but no anomalies (Taylor, 1987).

The principal host rocks to alteration were interpreted as dacitic fragmental lavas with
felsic leucoandesitic (?) lavas to the west and rhyolitic fragmentals to the east. An
initial interpretation was that there was zonation of most intense, Na,O depleted,
quartz-sericite-pyrite alteration along the westem side and weaker sericite+l-pyrite on
the east, suggesting that the host rocks and the alteration zone faced west (slightly
overturned with 8O"E dip) and that a potential ore horizon could exist at its upper
(western) boundary. More extensive sampling showed that Na,O depletion was non
systematic (low Na,O everywhere) but a slight enrichment of CaO (?), Pb and Zn
(increasing from ';;lOOppm to 300400ppm!) from east to west, maintained slender
support for the west facing model.

1985
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Three diamond core holes were drilled (on westerly azimuths):

233058 BBP Tl8 (SOlm) tested the northern area, 500m along strike from previous drill
holes, and effectively closed off the alteration zone by intersecting unaltered lavas.

BBP 279 (700m) tested the eastern targets. The hole intersected unaltered rhyolitic
volcaniclastics and lavas above -58Om, then passed through a fault zone into pyritic
altered lavas and volcaniclastics and finally into relatively unaltered pumiceous
volcaniclastics below 645m. This effectively eliminated the eastern favourable horizon
concept. The downhole SIROTEM anomaly was attributed to a 10m wide silicified
zone with (5-20%) pyritic stringers in otherwise unaltered volcanics at 45Om.

BBP 280 (4OOm) was drilled to test for southward extensions of the favourable pyritic
volcaniclastic lithologies intersected by BBP25l. It intersected a complex assemblage
of felsic lavas, vitric tuffs and volcaniclastics, partly correlatable with the sequence in
BBP 251, and with strong quartz-sericite-pyrite alteration in the interval 75-35Om, but
no other mineralisation.

Major and immobile trace element analyses of (32) representative rock types indicated
that the Boco volcanics are rhyolites and dacites, which contrast with dacitic to
andesitic compositions from Que River, and effectively refuted earlier proposed
stratigraphic correlations with the latter.

Sulphur isotope analyses on 5 core samples from the pyritic alteration zone (Williams,
1985) showed that the Boco sulphur was isotopically light (II"'S: -1.2 to 4.7"/00)

suggesting a non seawater origin. Randell (1991a) noted the similarity to liS'" ratios
from Chester (-3.9 to 0.4"/00), and the contrast with data from Hellyer (5 to 11"/

00
) and

Rosebery (10 to 15"/00), and suggested a magmatic source of sulphur.

Williams (op cit.) recommended further investigations, including additional sulphur,
oxygen and lead isotopic studies, DHEM ofBBP Tl9 (to confirm that the 10m pyrite
stringer zone was the source of the BBP 254 DHEM anomaly) and conductivity
testing of glacial clays (to investigate the possibility of current channelling masking
bedrock EM responses). However, CSR had downgraded the potential of the Boco
alteration zone and consequently withdrew from the joint venture.

1986-87 Pancontinental-Outokumpu farmed in to the joint venture in late 1986 with the
principal objective (inspired by the discovery of the Hellyer deposit by UTEM in
1984) of applying blanket TEM to search for conductive bodies over the Boco
alteration zone and along strike.

A grid was established over 5.8km of strike with NW-SE lines at 200m intervals
(Figure 1 & Figure 3) and surveyed in December 1986 by a four loop UTEM survey
(43 line kID) which failed to detect any significant conductors (Wilson, 1987). The
survey was carried out ·within loops· on the assumption that potential conductive
sulphide deposits could have shallow dips. The structural set up was not well known:
FZ considered that Boco was in an anticlinal setting whilst the CSR interpretation was
that dips were semi-vertical with a northerly strike.

Following the UTEM survey, are-appraisal ofBoco geology, based on fairly cursory
examination of the existing drill core [6 days] and minor surface mapping [2 days] by
W.Herrmann (1987a) found that the volcano-stratigraphic units probably strike
approximately north-south with steep east and west dips. The younging direction
could not be reliably determined but the regional setting implied a west facing
sequence.

The dominant volcanic lithotypes were interpreted as rhyolitic to dacitic, glassy,
variably massive, flow banded and auto-brecciated quartz arnygdaloidal and feldspar
phyric lavas with substantial felsic pumiceous-lithic volcaniclastics and minor, areally
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1988-89

1990

restricted?, mass flow polymictic lithic breccias and volcaniclastic sandstone-siltstone
units.
The zone of intense, pervasive, plagioclase destructive quartz-sericite-pyrite alteration
(averaging 2-5% disseminated pyrite) appeared to have a N-S oriented, elongate.
dumbbell shape in plan, upto 1300m in strike length and 350m width (Figures 7 to
13). Alteration was observed in all rock types but appeared to be particularly
associated with the restricted volcaniclastic breccia and sandstone facies. The presence
of variably altered lithics and semi-massive pyrite clasts within the breccias suggested
some synvolcanic alteration-mineralisation and volcaniclastic re-sedimentation. In the
northern area, the alteration zone appeared to be partly stratabound to the west, against
a unit of massive pumiceous-lithic breccia. The alteration zone was interpreted to
have been bisected by a north trending, steeply east dipping fault (partly fonning its
eastern margin in the northern part and its western margin in the southern part) which
had produced a dextral offset of~ in a formerly more or less cylindrical, steeply
east plunging, alteration ·pipe".
Despite the uncertainty offacing it was considered that the existing drill holes had
adequately tested the possibilities for favourable horizons to east and west (assuming
a stratiform alteration system). Alternatively, the apparent steep pipe like form of the
alteration was consistent with an interpretation that it represented a sub vertical, cross
cutting, footwall zone beneath a favourable horizon now removed by erosion. Given
the structural uncertainties, no further firm conceptual drilling targets could be
recommended.

A limited wholerock geochemical and petrographic study of (II) relatively unaltered
rock specimens from the Boco-Bulgobac area (Airas, 1987) concluded that the
absence of intermediate and mafic volcanics did not support a correlation with the Que­
Hellyer Volcanics.

EL 12172 (apart from the "time extension" over the segment at North Pinnacles) was
relinquished in December 1987 under the new regulations limiting EL tenure to ten
years.

Samisen Ply. Ltd. became interested in the Boco prospect and applied for EL 17/88
(which covered virtually the same area as EZ's EL 12/72 excluding North Pinnacles)
apparently on the basis of a long association with Boco geophysics by one of its
principals (A.W.Howland-Rose), and the conviction that previous geophysical
surveys had not effectively explored beneath the glacial cover. Accordingly they re­
established the central Boco part of Pancontinental-Outokumpu's grid and extensions
to the east, (Figure 4) and conducted an RMlP (reconnaissance magnetic induced
polarisation) survey which detected seven polarisation anomalies of insignificant
resistive contrast, (Howland-Rose, 1989a). Five of these anomalies were
subsequently checked by surveying gravity profiles; only one showed slight a mass
surplus (Howland-Rose, 1989b). In view of the poor conductivity response it was
concluded that no "obvious· VHMS mineralisation existed in the surveyed area and
the licence was voluntarily relinquished.

Billiton acquired EL 2/90 (Figure 5) by tender to explore for VHMS deposits
(Randell, 1991a).

Initially interested in the Boco alteration zone, Randell (op cit) reviewed the previous
exploration results including some unacknowledged Oxygen isotope data (the bl80
numbers are similar to those quoted by Green, 1986). He noted that the heavy b'·O
values of the Boco alteration zone (9.7 to 11.8"/",,) were not typical ofTasmanian
VHMS systems (eg: Hercules: 6.8 to 10"/"" and Hellyer: 7 to 9'/",,) but were consistent
with a seawater dominated system at temperatures of <2OO"C which would be
insufficient to inorganically reduce seawater sulphate or transport ore forming
quantities ofhase metals. Green (op cit.) noted that such a low temperature system,
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leaching sulphur from volcanic country rocks, would also account for the low II"'S
values.

On the basis of Sand 0 isotopic results, low base and precious metal contents and
unfavourable Zinc Ratios, it was concluded that the known Boco alteration zone does
not represent a footwall hydrothenna\ system beneath an exhalative VHMS deposit but
rather was initiated by intrusion of the Soek Creek Porphyry (?) with mobilisation of
"late tectonic fluids" into a structural zone of weakness in an antifonnal hinge.

Deterred from the Boco alteration zone by the extent of previous exploration, depth of
glacial cover and the interpretation that it was an infertile system, Silliton subsequently
applied an "inhouse" lithogeoehemical technique to search for (other?) favourable
horizons.

This lithogeochemical technique appears to have been empirically based on
observations that the Rosebery, Que River and Hellyer massive sulphide deposits exist
close to contacts between CL and CH type volcanics, respectively denoting low and
high (but unspecified) Ti and Zr contents. The CH type were further subdivided into
CHI and CHh types denoting low and high (but unspecified) Sr contents. CL and
CHh type volcanics were regarded as prospective whilst CHI types appeared to
indicate unfavourable hanging wall sequences.

Although the lithogeochemical sampling density was low (Figures 5 & 6), the
complex distribution of CL, CHh and CHI types at Boeo suggested it was a
favourable area and, furthennore (fancifully), that it was situated in the hinge of a
shallow NNE plunging antiform. This, tied in with some doubtful regional
stratigraphic correlations, suggested that the most favourable position was at or near
the Central Volcanic Complex (CVC)-Dundas Group contact between Ikm and 3km
northeast of Boeo Siding. About half of this zone had been covered by
Pancontinental-Outokumpu's UTEM survey but Biliiton's interpretation of steeply
dipping fold limbs led to the conclusion that the UTEM survey had been ineffective
due to poor electromagnetic coupling.

It was proposed that a >8OOm stratigraphic diamond core hole should be drilled to test
the postulated favourable zone near Murchison Highway, 3km NNE of Boeo.
CSAMT and TEM depth soundings were suggested to provide better target definition.

SiJliton's exploration managers apparently declined the chance to test Randell's
(199la) conceplUaI target and instead arranged a joint venture whereby Pasminco took
over exploration management of both the Boeo and North Pinnacles licences (ELs
2190& 8190, Figure 14) and, by expending $500,000 over 4 years, could earn a 60%
equity in the licences.

Pasminco's first exploration step (Kirsner, 1992) was to arrange a new aerial
photographic survey and photogrammetric production of I: 10,000, I :5,000 and
1:2,500 scale topographic base plans.

A 700 line km, high resolution, helicopter borne aeromagnetic-radiometric survey was
flown, in February 1991 by Geoinstruments P/L, on 100m spaced E-W lines at-80m
terrain clearance, sampling at <10m intervals with <D.lnT sensitivity, (Leaman, 1991a
and Figures 15 & 16). The principal aims were to assist regional mapping, assess
structural controls and signatures associated with known mineralisation, and identify
alteration zones.

Leaman's (op cit) preliminary interpretations (typically difficult to comprehend) were
that
* The volcanics are structured, probably folded, but depth limited, indicating the

presence of basal detachments or limited volumes.
* The magnetic pattern over Dundas Group sediments in the western part of the area
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is comparable to the volcanics, likewise implies a limited depth, but is magnetically
unlike that of Dundas sediments elsewhere.

* NE, E and NW trends and structures are common but rarely continuous across the
area.

* A large magnetic bigh centred near Bulgobac Siding was possibly attributable to a
tabular slice of ultramafics at considerable depth -3-6km.

* The Boco alteration zone is clearly outlined as a magnetic low and similar smaller
lows, implying further alteration, exist on a NNE trend 2-3km north of Boco.
[An additional, partly defined but distinct, low anomaly centred at 385000E
5387000N -1.5km NE of Boco, appears to have been overlooked.]

In order to enable refinement of regional structural and magnetic interpretation a
gravity survey was carried out over the eastern part of the licence, from Animal Creek
to the southern boundary, to provide data at an average spacing of -225m.

Leaman (1991b) interpreted the combined gravity-magnetic data, after compensating
for the glacial cover, and suggested that the Boco alteration zone is in a "critical site".
It apparently lies adjacent to a major E-ENE trending, inferred Cambrian "structure"
which offset and controlled volcanism, and along an inferred early Devonian NNE
trending alteration axis which overlies an older basin margin "structure".
This arrangement implied that the Boco alteration was associated with Devonian fluid
activity amongst disrupted volcanics above an east soling detachment overlying an old
margin. Recommendations to drill test tbe structures away from the Boco alteration
zone were outlined.

Accordingly diamond core hole AKJ (553.7m) was drilled, 700m south of Animal
Creek and 200m east of Murchison Highway on a SE azimuth (Figure 21), to test the
extension of alteration zones (inferred from magnetics) NNE ofBoco and the CVC­
Dundas contact which had been identified as a VHMS favourable horizon by Billiton
and "inhouse" Pasminco studies.
However the hole went through 70m of glacial cover straight into a sequence of CVC
rhyodacitic to dacitic lavas with minor volcaniclastic breccia and sandstone (Figure
22). Patchy moderate silicification and weak to moderate sericitisation associated with
traces to -3% disseminated pyrite, of similar style to Boco alteration, was reported for
the interval2~, decreasing in intensity downhole. No significant base metal
mineralisation was intersected.

This unfavourable result, combined with Leaman's implication of Devonian structural
control and the unfavourable Boco isotopic data, led to doubts about the VHMS
potential for any part of the line of magnetic Jows and alteration zones trending NNE
from Boeo. The failure ofAKI to intersect the CVC-Dundas contact was attributed to
a dextral offset on a NW trending fault inferred to run along Animal Creek; potential
for mineralisation on this structure was also postulated.

AKI was subsequently surveyed with a Crone DHEM system but no off hole
anomalies were detected (Poltock, 1993).

Geological mapping by A.Lorrigan, as part of a larger regional project, (Kirsner,
1992) bad led to interpretation of a generally west younging sequence from
dominantly volcanics (Ci) through transitional volcano-sedimentary assemblages (CU,
Ciii) to turbidites (Civ) and shallow water conglomerates (Cv), which was folded and
disrupted by thrust faults above a basal detachment fault with presumed PreCambrian
basement at <2-4km depth (Figures 17 to 20). For reasons which are obscure
(reported only in Pasminco internal reports?) Lorrigan considered the Cii transitional
group to be most prospective and apparently concluded that (within ELs 2/90 & 8/90)
the SilverFalls area warranted "immediate attention".

No further work was carried out in the Boco-Animal Creek area.
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3.2 North Pinnacles

1979-80 EZ cut seven E-W reconnaissance grid lines,totalling 1O.9km, (Figure 1) at North
Pinnacles over a "tongue" of massive rhyolite flanked to the west by a possibly
onlapping, west facing and dipping, sequence of siltstone, tuffaceous sandstone and
minor conglomerate, and to the east by a similar sequence of uncertain facing. This
appears to have been inspired by observations of sparse disseminated pyrite in the
volcanics and minor veiny Pb-Ba mineralisation near Bum's Peak, 2km to the south
(Mill, 1979).

The grid was covered by 100m dipole-dipole time domain lP and 20m spaced C­
horizon geochemical (Cu,Pb,Zn,Fe,Ag,Mn) surveys.

lP outlined two encouraging anomalous zones:
* A --6OOm long eastern zone straddling the eastern contact of the rhyolite, reportedly

co-incident with Pb-Zn soil geochem anomalies in the; northern part.
* A 200m western zone in sediments about 200m west of the rhyolite contact.

Soil geochemistry indicated semi-continuous Pb anomalies upto 2500ppm and broadly
co-incident weakerZn anomalies; mainly within the area of rhyolite or along its eastern
and western contacts. Ao and Aoo (leaf litter) geochemical samples showed much
lower Pb & Zn levels with poor correlations to C-horizon data.

EZ subsequently carried out minor additional gridding and extensions to soil
sampling, stream geochemical sampling, geological mapping and IP follow-up
surveys (Mollison, 1980).
Mapping indicated that sediments on both sides of the rhyolite dip away from the .
contact and an overlying/onlapping relationship was inferred. Stream geochemical
results were surprisingly low with an isolated maximum of3000ppm Pb but otherwise
"llOppm Pb and "ISOppm Zn
Detailed 40m dipole-dipole IP over the known anomalies failed to locate anomalies "of
prime interest" but several were co-incident with soil geochemical anomalies near the
rhyolite contact; both within and adjacent to the rhyolite.

Three short diamond core holes were drilled to test IP/geochemical anomalies:
(Figure 23)

* NPP 213 (130.lm) was targeted to test co-incident Pb geochemical and weak IP
anomalies 250m west of the rhyolite contact It intersected a west dipping and
facing sequence of felsic tuffaceous sandstone, siltstone and grey shale with minor
fine pyrite-sphalerite-galena in carbonate veinlets; maximum 565ppm Pb and
13SOppm Zn in interval85-9Om, IP attributed to shales.

* NPP 214 (142m) was designed to test a spot Pb-Zn-Cu geochemical anomaly on
the same section as NPP 213 but -100m west of the rhyolite contact. It intersected
a similar sedimentary sequence and ended in rhyolitic volcaniclastics indicating that
the west contact dips at --& to the west. Minor galena-sphalerite mineralisation in
fluorite veiolets, peaking at l250ppm Ph and lOOOppm Zn in the interval 35-5Om,
correlated with soil geochemical anomaly.

* NPP 215 (128m) tested co-incident IP and Ph geochemical anomalies within the
rhyolite; it intersected sparsely feldspar phyric rhyolite and rhyolite breccia
containing mino~pyrite-galena-sphaleritein quartz-carhonate veinlets with maxima
of 0.38% Pb and l.I% Zn in the interval 45-5Om.

It was concluded that all of the drill holes intersected vein style epigenetic
mineralisation within both sedimentary and volcanic facies; the local existence of
fluorite possibly indicating a magmatic-intrusive metallogenic association. The
absence of a recognisable favourable horizon lowered the VHMS potential .
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During the late stage of the EZ-Getty N, drill holes NPP 213,214 & 215 were re­
sampled to investigate the gold potential (Taylor, 1988). NPP 215 was found to have
intersected anomalous gold averaging O.2g1t over a 203m interval of pyritic-silicified­
brecciated rhyolite.

Pancontinental-Outokumpu farmed in to the joint venture in late 1986 and carried out a
review of the previous exploration at North Pinnacles.

It was noted (Herrmann, 1987b) that in NPP 215 there was an association between
weak Au-As-Pb-Zn mineralisation, a zone of unusual brecciation and weak but
pervasive grey quartz-sericite-carbonate alteration and that Zinc Ratios in the
anomalous zone(s) were similar to those of Tasmanian VHMS deposits. It was
postulated that the weak alteration could represent a peripheral part of a VHMS related
hydrothermal system but the limited area of volcanics, absence of a recognisable
favourable horizon and the possibility that a favourable horizon had been stripped by
erosion prior to disconformable deposition of the adjacent sediments, indicated a fairly
low prospectivity for VHMS deposits.

Nevertheless, Pancontinental-Outokumpu re-cut and extended the grid and carried out
a fourloop EM37 survey covering an area of 1.6 x 1.2km centred on the North
Pinnacles rhyolite (Figure 24). No anomalous responses were recorded.

Rock chip sampling undertaken during reconnaissance mapping discovered an outcrop
of brecciated rhyolite containing upto 2.2glt Au about 200m north ofNPP 215 (Figure
25). This was sufficient encouragement to secure a one year extension of the North
Pinnacles part ofEL 12172, beyond the "compulsory" expiry date in December 1987,

A subsequent bedrock Wacker sampling programme (at 10m sample spacings on six
lines 100m apart) indicated erratic Au, Ag and Ph bedrock geochemical anomalies,
peaking at 3.1g1tAu and 33g1t Ag, in brecciated, quartz veined, quartz-sericite altered
rhyolite over a 400m strike length extending north of NPP 215 (Taylor, 1988). The
highest bedrock Au anomaly, by co-incidence, was located over the surface projection
of the 203m @ O.2g1t Au intersection in NPP 215; ie: the best anomaly had already
been tested.

On the basis of these results, PancontinentaI-Outukumpu withdrew from the joint
venture.

A subsequent review of the earlier IF data by Mitre Geophysics led to a
recommendation to drill test the strongest chargeability anomaly in the Au anomalous
zone on line 10400N near (AMG) 379050E 5387300N.

EZ managed to arrange an additional one year extension on the EL segment and tested
the lP/geochemical target 200m north ofNPP 215 with diamond core hole NPD 004
(199m), (Mathison, 1989; Figure 23). The hole intersected rhyolitic lava and breccias
with patchy alteration and minor pyrite-sphalerite-galena in quartz-carbonate veinlets
and rare galena veins to Scm. The base metal grades (in 3m splits) were generally
low, mostly <0.1 % Pb+Zn with a maxima of 3m @ 1.8% Ph. Gold grades were
mostly sO.Olglt with a maxima of9m @ O.05g1t Au at the bottom of the hole.
The sulphides intersected were considered insufficient to explain the lP anomaly but a
downhole EM37 survey indicated there were no conductors close to the hole.

It was concluded that an east dipping zone of weak mineralisation could exist east of
and above NPD004 but that, in any case, the low grade and erratic gold distribution
were not favourable indications ofan economic deposit, and that the area had been
adequately tested.
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Poltock (1993) interpreted the rocks in the Silver Falls syncline (Figure 21) to
represent an upright succession with possible regional stratigraphic correlations,
summarised in Figure 26 and as follows:

1992-95 North Pinnacles was not explored in the first year of the Billiton-Pasminco N
(Kirsner, 1992) but the geological setting was gradually elucidated by work carried
out in the second year on the Silver Falls extension grid to the north (Figures 14 and
21).

It was noted that all known mineralisation in the NW sector of EL 2/80 is associated
with the upper part of the Pinnacles rhyolite and the base of the overlying White Spur
Formation at a stratigraphic level which could be eqnivalent to the Rosebery-Hercules
host horizon. Furthermore, Poltock (op cit.) observed that the Pinnacles rhyolite, on
the western limb of the syncline, was pervasively sericite-carbonate-pyrite altered but
had relatively low alteration indices (AI = 32-44) and hosted minor disseminated­
veinlet Pb>Zn mineralisation at the old SiIver Falls prospect.
Despite this and other occurrences of mineralisation being dominantly of veinlet style,
the stratabound association and its similarities to the Rosebery-Hercules host sequence
suggested VHMS related (rather than Devonian granitoid) metallogenesis.

•

Soulhwell SubGroup
Lynch/ord Member (Tyndall Gp)
While Spur Fonnalion
Rosebery-Hercs Hangingwall Seq.
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Billiton picked up EL 8/90 for its perceived VHMS potential based on several" vb,.
stratigraphic,lithogeochemical and geophysical concepts and considerations (Randell,
1991b) which were:
* The concept that the sequence hosting mineralisation at Pinnacles, -3km to the

south,lies stratigraphically below the North Pinnacles rhyolite. A simplistic model
based on shallow northerly plunging folds suggested the favourable sequence
would be at -1000m below surface in EL 8/90 but it was "hoped" that it existed
closer to the surface.

* The possibility that the gold anomalous weak alteration intersected in NPP215 and
NPIXlO4 represented a hangingwall alteration zone above a VHMS deposit.

* A time-stratigraphic metallogenic concept that Pinnacles and Que-Hellyer deposits
exist near the upper evC-Dundas Group boundary which therefore represented the
most empirically favourable VHMS stratigraphic interval in the northern part of the
Dundas Trough. In EL 8/90, this favourable interval was interpreted to be
represented by the sequence underlying the rhyolite, the rhyolite itself and the
lowermost overlying Dundas Group sediments.

* Billiton's in house CL-CH lithogeochemical discriminator which indicated that
favourable rocks existed at Pinnacles and along strike to North Pinnacles (see also
discussion in section 3.1, 1990, above).

* A positive regional gravity anomaly associated with the North Pinnacles rhyolite
ridge.

* Anomalous Au results in BLEG samples (ex BHP on EL 5/63) from streams
draining the eastern side of the North Pinnacles rhyolite; (although this zone had
already been tested by Wacker geochem and two drill holes!)

* Billiton's interpretation of a subtle late time EM37 anomaly at l0000E 10200N near
a favourable CH-CL lithogeochemical contact and tbe western margin of the
rhyolite.

Apart from taking three lithogeochemical samples from EL 8/90, as part of a wider
regional study, Billiton did not carry out any on ground exploration.

1990

TOP
Siltstone, micaceous sandstone, polymictic felsic volcaniclastics >750m
Mafic-felsic derived lithic-crystal rich volcaniclastic sandstone <5Om
Thick interlayered felsic volcaniclastics and grey siltstone \ -5OOm
Distinctive quartz cryslal rich coherent rhyolite and volcaniclastics <: <5Om
Spar.;ely feldspar>quartz phyric (Pinnacles) rhyolite >2oom
BASE
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Improved regional gravity survey coverage and high resolution aeromagnetic data led
to an interpretation that a major NNE trending gravity axis along the western margin of
the Pinnacles rhyolite ridge (lower density to SE, greater density to NW) and the
associated zone of "quiet" magnetic character are associated with a NE trending
basement rift margin (Figure Z7; Leaman, 1993; Poltock, 1993).

The possible presence of major basement structures which may have focussed
mineralising fluids, was regarded as a positive factor for prospectivity. The greatest
exploration potential was considered to exist near the intersection of such major
structures and the base of the White Spur Formation.

Pasminco subsequently reviewed the previous IP and EM geophysical data for North
Pinnacles (Hughes, 1993) and concluded that there were no significant anomalies. An
early time response at lOOOOE lO200N was interpreted to be due to a shallow easterly
dipping source, possibly a lithological or overburden contrast; ground checking was
recommended. (This response was reported to be a "subtle late channel anomaly" by
Randell, 1991b.)

Pasminco's exploration in the Brown's Tunnel area, -3km south of North Pinnacles,
suggested that the Brown's Tunnel Host sequence (BTH) consisting of a mixed
package of cherty pyritic mudstones, shales, coarse volcaniclastics, andesite and
disseminated to massive sulphide lenses (best intercept: 24m @ 9.3%Zn, 3.8%Pb,
O.5%Cu and 2.5g1tAu) extended northwards below the Pinnacles rhyolite. It was
considered to have lithologic similarities to the Rosebery host sequence and occupy a
similar position above CVC pumiceous volcaniclastics. Poltock, (1994) developed
the concept that the BTH (with possible VHMS depositis; Figure 28) occupies an
anticlinal position, below a thickness of300-55Om of rhyolite, at North Pinnacles.
Billiton's interpretation that the known pervasive alteration and weak mineralisation
represented a VHMS hangingwall alteration style, was re-invoked.

This conceptual target was tested by diamond core hole NPD5 (781 .6m) which was
collared j ust east of the Pinnacles rhyolite ridge 75m north of the southern boundary of
EL 8190 (Figures 21 & 29). The hole intersected 44m of laminated siltstone,
feldspathic sandstone and basal breccia (White Spur Formation correlate) and passed
into a thick pile of rhyolitic lava and lava breccias (Pinnacles Rhyolite) extending to the
bottom of the hole. Core-bedding angles indicated that the hole was not drilled down
dip. The BTH was not intersected but an apparent decrease in intensity of alteration
downhole did not suggest that the target was close by; presumably Pasminco could not
justify pursuing it any deeper.
The upper 200m of Pinnacles rhyolite in NPD5 is affected by pervasive moderate to
intense "silicification" containing minor disseminated and veinlet pyrite, traces of Ph­
Zn mineralisation and a best assay of 2m @ O.02g1t Au. Short intervals of sub
percentage level disseminated Ph-Zn exist in the mid to lower parts of the hole
(maximum: 2m @ 0.2%Ph and 1.00Zn) with scattered fluorite-galena veins
contributing upto 1m@ 2.1%Pb.
Poltock (op cit.) concluded that the extensive silicification and weak mineralisation
"may be associated with a hydrothermal system that may have generated a VHMS
deposit" but he did not speculate on possible alteration vectors.

NPD5 was surveyed with the CRONE downhole EM system (Saxon, 1995b).
A "negative bow" response in the mid channels at --4OOm depth was interpreted to
indicate a conductive body at >300m from, possibly to the east of, the hole. It was
attributed to shales within the White Spur Formation correlates.
North Pinnacles Was not affected by the 50% area reduction of EL 2/90 in 1995
(Saxon, 1995a, Figure 30) but no further work was reported upto the final
relinquishment in 1996.
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3.3 Regional Exploration

Previous exploration of the area presently covered by EL 47/% has been heavily biased toward
fairly detailed surveys and drilling programmes centred on the Boco and North Pinnacles
prospects; there has been relatively little investigation of the small areas between them and to the
south west of Boco.

The lack of encouragement from Pasminco's 1992 review and drilling programme in the Boco­
Animal Creek area, combined with Lorrigan's identification of the prospectivity of Silver Falls,
turned the exploration emphasis to the western areas.

Much of the subsequent work there, reported by Pollock (1993 & 1994), was of a semi regional
nature on a broad reconnaissance grid (4OOm to l000m line spacing) covering the area between
Sawmill Creek and the NW comer of EL 2/90 (Figure 21). Most of the grid, particularly NW of
Silver Falls was covered by soil geochemical, pole-dipole IP (Figure 31) and geological mapping
surveys but the results were unexceptional and most of the area was relinquished in the 50% area
reduction of 1995, and is therefore outside RGC's current EL 47/%. Pollock's regional
geological interpretation based on mapping of this area, is discussed in Ch. 4, below.

The south eastern ends of some of the southern reconnaissance grid Iines extended across the
northern part of North Pinnacles and the adjacent area to the east. Weak to moderate IP anomalies
were recorded on the North Pinnacles line (Figure 31) but are unremarked in Pasminco's reports.

Several lines of the "EAB" grid extending southeastward into the area ofEL 47/% were covered
by ground magnetic, 50m dipole-dipole IP and reconnaissance mapping surveys in 1995-%
(Dibben, 1996a; Figure 21). The results were not significant and apparently did not warrant
interpretative comment by Dibben (op cit.). However, for the optimists, the southeastern end of
Line 1400E appears to terminate in an incompletely defined zone of increasing chargeability and
decreasing resistivity; the highest chargeability reading (14.5, say about twice background) was
recorded at n=4 at the southern end of the line.

4 REGIONAL GEOLOGY

The early regional interpretations by EZ that the Boco area was in a similar stratigraphic setting to
Que-Hellyer were discounted by the Department of Mines' mid 1980s MRV mapping project
which interpreted the Dundas Group sediments to overlie CVC massive felsic volcanics and placed
the Que-Hellyer Volcanics at a higher level within the Dundas Group (Corbett, 1986; McNeill &
Corbett, 1989). In the Boco-Animal Creek area the contact between evc and Dundas Group was
variously considered to be conformable (Corbett & McNeill, 1986; Herrmann, 1987a),
disconformable, or faulted (Corbett& Kornyshan, 1989).

Lorrigan's attempt at a regional stratigraphic-structural interpretation (Kirsner, 1992 & Figure 18)
showed most of the the major lithological contacts as reverse faults but it is difficull to assess the
validity of the interpretation because she established a new set of stratigraphic subdivisions, which
are not readily translated into the more widely known MRV groups, and the work was only
reported internally to Pasminco.

The most sensible advances on MRV Project 1:25000 mapping were made by Poltock (1993) who
interpreted the sequence in the Silver Falls syncline, NW of North Pinnacles, to represent an
upright succession with regional stratigraphic correlations reiterated as follows:,
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By implication, the Pinnacles rhyolite underlying the correlate of the Rosebery-Hercules
Hangingwall sequence, would be considered to be either part of the Rosebery-Hercules host unit
ill: the CVC rhyolitic volcanics underlying it. Subsequent work to the south at Brown's Tunnel
and planning of NPD5 at North Pinnacles, suggesting that the mixed volcanic-sedimentary below
the Pinnacles rhyolite was equivalent to the Rosebery-Hercules host unit, appears to favour the
fonner correlation.

At that time, the MBV were regarded as overlying the Rosebery host sequence (Lees et aI., 1990).
Recently, however, the lithological similarity of the Rosebery Footwall Pyroclastics (RFP) to the
MBV, and the presence of an east dipping reverse fault at the western contact of the MBV near
Rosebery, has prompted the interpretation that they are parts of the~ volcano-stratigraphic unit
repeated by thrust faulting, (Corbett, 1992; Allen, 1994). Allen (op cit., in discussion) was
adamant that pumiceous mass flow units of the RFP and MBV are indistinguishable, and
considered it unlikely that such similar lithologies and facies would exist in stratigraphic repetition.

23306"/
SOlllhwell SubGroup
Lynchford Memher (Tyndall Gp)
White Spur Formation
Rosebery-HerCl' Hangingwall Seq.

>750m
<SOm

-SOOm
<5Om

>200m

TOP
Siltstone, micaceous sandstone, polymictic felsic volcanicla..hcs
Mafic-felsic derived lithic-<:rystaJ rich volcaniclasuc sands"me
Thick interiayered felsIc volcaniclastics and grcy siltstone
Distinctive quartz L.T)lsla! rich coherent rhyoljte and volcaniclastics
Sparsely feldspar>quarlz phyric (Pinnacles) rhyolite
BASE

I consider that the correlation of the felsic volcanic assemblages remains highly uncertain and,
given the likelihood of radical facies variations and difficulty in recognising facing and structure in
these dominantly massive rocks, will probably remain controversial unless some unequivocal
petro-geochemical evidence is found. Nevertheless, the general arrangement of MBV overthrust
onto Rosebery Sequence as recently inferred for the Rosebery area, seems to fit the Leaman­
Poltock model and has also been anticipated in Larrigan's cross section: Figure 18. The latter also
acconunodates the strong magnetic and topographic NE linear feature running up Boco Creek,
througb the Boco alteration zone and beyond to AKI, as a steep imbricate splay above the main
thrust.

Largely on the basis of regional gravity-magnetic interpretation, Poltock (op cit.) considered the
Bums Peak-North Pinnacles and Boco areas to comprise very different volcanic sequences,
separated by a NE trending "feature" extending from Hollway Rivulet to High Point, 2km west of
Mt Charter. This structure was tenned (or at least is coincident with the) Bums Peak Shear Zone.
Leaman (1993 & Figure 27) identified it as a possible southeastern rift margin fault (partly
obscured by overlapping/overthrust CVC) and claimed to recognise its "ghosts" in the Mt Charter
Fault and the Jack Fault at Hellyer, with clear implications for VHMS potential.

Leaman postulated that the volcanics NW of the rift margin at Bums Peak and Pinnacles were part
of "an older suite and possibly not related to the Mt Read Volcanics". Poltock, meanwhile,
considered the northwestern Pinnacles suite to he correlates of the Rosehery-Hercules host and
hangingwall sequences and the southeastern Boco suite to be correlates of the Mt Black Volcanics
(MBV) assigned to the CVe.

Aside from uncertainties offelsic volcanic correlations, Pollock's (1993) correlations of the
volcano-sedimentary units in the Silver Falls syncline seem, however, to he well founded on
lithological grounds and the folded trace of the Lynchford Member sandstone is clearly outlined in
the magnetic data. The discovery of a limestone and black shale association at about this
stratigraphic position west of Bulgobac Falls (Poltock, 1994) supports the correlation, as similar
lithologies are prominent at the base of the Lynchford Member in the Anthony Road and Comstock
areas north of Queenstown (White and McPhie, 1996).

If the correlation of the Lynchford Member is correct, then the position occupied by Suite II
Anthony Road Andesites south east of the Henty Fault is equivalent to the White Spur Fonnation
at North Pinnacles. This could probably be accommodated by lateral facies changes and is
consistent with a general westward increase of sedimentary lithotypes in the MRV.
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Jt is however, contrary to Poltock's correlation of the upper units in the Silver Falls syncline with
the Southwell SubGroup. McPhie and Allen (1992) suggest a correlation between the White Spur
Formation and Southwell SubGroup and more recent work north of Hellyer, by White and
McPhie (1996), places the Lynchford Member above the Southwell SubGroup.

The aeromagnetic data indicates that the postulated Lynchford Member and overlying volcano­
sedimentary sequence are not repeated on the eastern side of the North Pinnacles rhyolite
anticlinal? axis.

5 VOLCANIC and ALTERATION GEOCHEMISTRY

5.1 Boco

A total of about 63 whole rock major and immobile trace element analyses have been reported for
surface rock samples (Airas, 1987 and Randell, 1991a) and drill core samples (Williams,I985)
from the Boco-Bulgobac area; they are re-tabulated here as Table 1.

Figure 32 graphically portrays the Ti02 & Zr contents with different plot symbols for the various
sources of data and individual drill holes.

Two features are immediately apparent:

* Pancontinental's and Billiton's surface samples include a group of very high Zr rhyolites'
(>4OOppm Zr) from a single unit offeldspar phyric-quartz amygdaloidal rhyodacite, -200­
300m thick, which extends on a NE strike from the railway 1.5km north of Boca Siding to the
Mt Charter Fault east of Sock Creek (Figure I). Corbett & Komyshan (1989) considered this
to be stratigraphically equivalent to the Que-Hellyer Volcanics but the high TiO, and Zr levels
are quite distinct from the compositions reported for Que-Hellyer felsic volcanics (op cit.).

* The majority of CSR's drill core samples from the Boco prospect appear to be rhyolitic (Ti/Zr
ratios <10), only two are dacitic (TilZr -13) and there are several from mafic dykes? (Ti/Zr
>25). In contrast, Billiton's samples are mostly dacitic (Ti/Zr 10-20) with only three in the
(normal Zr) rhyolitic field. Although Williams (1985) expressed some doubts about the
accuracy of some of CSR's analytical data (especially Zr), this dichotomy appears to be real (on
the basis ofTiO, levels). Not all of Billiton's sample locations are shown (Figure 5) but it
seems that the three rhyolitic samples are all from the immediate Boco area and the peripheral
samples are dacitic. It could be a function of low sampling density but there may be some
support in this for Sainty's (1984) interpretation that Boco represents a restricted, submarine,
rhyolitic caldera setting.

A closer look at the CSR data, subdivided on the TiO,-Zr plot (Figure 33) according to volcanic
facies as per the textural categories of Herrmann (1987) indicates that:

* The volcaniclastic varieties (Cpa, Ceb & Cpp) occupy a similar range to the coherent lavas?
(Cva & Cvb) and could therefore be comagmatic.

* The crudely radial-linear arrangement of coherent Cva & Cvb samples, in this case, appears to
be due to a spread of primary immobile element concentrations rather than alteration related
mass changes (MacLean & Barrett, 1993) as they mostly have >1,4% Na,O and low (AI)
alteration indices' and in fact most of the samples are from outside the alteration zone (Figures

, A.J.Crawford (1991) commented 00 high Zr rhyolites (400-SOOppm Zr) from the Deloraine area and suggested that
such compositions are extremely unusual in the MRV and may have significance for regional correlation. It would
be interesting to know if there have been any advances on such correlations but I have been unable to conlact him
this week. (W.H. 414197)
'Alteration Index of Ishikawa et al., 1976; AI = lOO*(MgO+K.,O)/(MgOTK,O+CaO+Na,O)
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8, 11 & 13). The only exception is No. 212903 from just below the base of glacial overburden
in BBP 280, (0.06% Na,O, AI = 98) which is probably affected by surface weathering. The
apparent variations in primary TiO, and Zr abundances in coherent Cva & Cvb rocks would
seriously limit the calculation of alteration mass changes (if analyses of altered Cva & Cvb were
obtained) unless some (textural?) method of identifying single precursor units could be devised.

* The only data available, for permitting reasonable comparison of fresh and altered samples from
a possible single precursor unit, is from the intervals 261.5-268.6m and 278.5-287.6m in
BBP280. These samples are both of Cvf feldspar-(ferromag) phyric dacitic lava? within the
zone of strong, but evidently patchy, alteration; the former contains 435% Na,O with AI=42
and the latter O.lO% Na,O and AI=75.
Calculation of mass changes associated with this increase in alteration intensity (using Zr as an
immobile monitor according to the method of MacLean & Barrett, 1993; tabulated in Table I)
suggests that it involved slight losses of SiO, (-4g1100g), Al,o, (-2.2g/l00g, suspicious!),
essentially total loss of Na,O (-4.3g1100g) and slight gain of K,O (1.3g1100g) for a nett loss of
-9g1I00g.
Although hardly indicative of the whole system, this pattern of mass change (apart from the
strong Na,O depletion) is not characteristic of other Australian proximal footwall alteration
zones, such as Hellyer (Gemmel & Large, 1992) and Thalanga (Herrmann, 1994), which are
typically associated with nett mass gains dominated by progressive gains of SiO" Fe,o, and S.

5.2 North Pinnacles

Wholerock geochemical data for the North Pinnacles area is restricted to nine core samples from
NPD5, three from NPP215 and three surface samples from Billiton's regionallithogeochemical
study; this data is presented in Table 2.

A TiO,-Zr scatterplot (Figure 34) shows that the Billiton surface samples (locations shown on
Figure 23) have a diverse range whilst all samples from NPD5 and NPPZ15 (Figure 28) are
rhyolitic (Ti/Zr range: 6-9) and occupy a narrow linear distribution. The drillcore samples form a
linear regression, with a correlation factor of r=O.945, which passes exactly through the origin.
This suggests that the samples are all from a single unit, or at least are co-magmatic. Therefore, the
linear distribution is likely to be due to alteration mass changes (apart from sample 34994 which is
from a hyaloclastic or peperitic breccia) and the data could be used to estimate alteration mass
changes if an unaltered precursor composition can be chosen.

Choice of an unaltered precursor from the NPD5 data is a little problematic. Poltock (1994)
logged moderate to intense silicification in the upper 200m of rhyolite but the alteration indices are
highest in the middle parts (34990,92,93 & 94). Handicapped by not seeing the core samples, [
have taken the data at face value and estimated a least altered precursor composition as the average
of the three samples with lowest AI outside of the logged alteration zone; ie: mean of samples
34991,95 & 96, (Table 2).

Comparison of this least altered composition with the "silicified" sample 34989 from -100m
(using the calculation method of MacLean & Barrett, 1993 and Zr as an immobile monitor)
suggests that the alteration involved a loss of -23gI l00g SiO" slight gain of MgO offset by slight
losses of all alkalis for a nett loss of -22g1100g. This does not seem like silicification; there is no
great change in volatiles to suggest that it is misinterpreted carbonate alteration.

By contrast, mass change estimates comparing the least altered composition with the average of the
two samples with highest Al (34992 & 93) indicates gains of -8g1100g SiO, , 6g1100g K,O and
significant loss of -2.2gll00g Na,O for a nett gain of lOg/lOOg. This pattern is more typical of
proximal VHMS footwall alteration zones. Note that the gain in SiO, is barely perceptible in
terms of the analysed SiO, content.

On the basis of this slender data, it appears that either the alteration in NPD5 has been
misinterpreted or there has been a sample mix-up. The low apparent mass changes in Al,o, and
the high TiO,-Zr correlation suggest that the analyses are reliable.

•
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Similar calculation of the alteration mass change in NPP215, comparing the least altered sample
from 72.8m to the most intensely altered sample from 5O.6m indicates gains of 23 g/lOOg SiO, ,
9g/I00g K,O and majorloss of -5g/100g Na,O for a nett gain of 31g/100g. Again, the pattern is
similar to that expected in VHMS footwall zones. It is again worth noting that the significant SiO,
gain is not apparent in the SiO, wt% contents; in fact the silicified sample has a lower SiO, content
than the assumed less altered precursor.

The high K,O gains are rather unusual, since the altered North Pinnacles rhyolite does not seem
especially sericitic, and could suggest a weak system with similarity to the gold rich distal part of
the Que River footwall stringer zone which reportedly contains potash feldspar (McGoldrick and
Large, 1992). Some significant differences between the North Pinnacles alteration and Que River
Au rich stringer zone, are the higher sulphide content ofthe latter (6-10% sulphur and anomalous
Pb-Zn upto 2-3% according to data presented by McGoldrick and Large,op cit.) and its existence
in coarse permeable volcaniclastics within -100m of the ore deposit.

6 EXPLORATION POTENTIAL

High quality aeromagnetic and gravity data exists for all of EL 47/96 and a large part of its 26km'
area has been covered by detailed grid based geochemical, IP and EM surveys (-15km' at Boco
and 2km' at North Pinnacles). Regional mapping and mega-structural interpretation, within the
limitations of outcrop etcetera, has been significantly advanced within the past five years. A total
of 20 diamond drill holes, amounting to 76OOm, have tested a variety of conceptual targets and
geophysical-geochemical anomalies, and stepped out along known alteration zones. Access is
relatively good by Tasmanian standards and the greater part of the work (and all of the drilling) has
been carried out by companies closely connected with the Rosebery, Hercules and Pinnacles
deposits, which seem to provide the most analogous exploration models.

It can fairly be stated to have been thoroughly, and probably well, explored.
For an incoming explorer then, much of the hard work has been done but, likewise, much of the
easy potential has been exhausted.

The main conceptual lines of exploration to date have been:

* Pursuit of the equivalent of the Rosebery-Hercules favourable horizon which was variously
interpreted to be represented by the Brown's Tunnel host (BTH) sequence or the base of the
White Spur Formation (WSF) correlate; ie: immediately below or above the Pinnacles rhyolite.
The VHMS potential of the former interpretation, within EL 47/96, was effectively downgraded
by drilling of NPD5, at the southern boundary where the BTH was expected to be shallowest.
It suggests that if the BTH does extend north below Pinnacles rhyolite, it is likely to be well
beyond reasonable exploration depths.

Grid based exploration around the upper contact of the rhyolite at North Pinnacles and two drill
holes through the contact (NPP 214 and NPD5, one on each side of the ridge) have not shown
significant stratiform mineralisation at this level. The coherent nature of the rhyolite is entirely
unlike the thick pumice breccia of the Rosebery footwall suggesting that, even if the
stratigraphic correlation is correct, the facies association is not analogous to Rosebery.
However, the known pervasive alteration appears to be concentrated in the upper few hundred
metres of Pinnacles rhyolite and has some characteristics (SiO, gain, Na,O depletion,
anomalous Pb-Zn-Au) of VHMS footwall alteration zones suggesting that this horizon may
have been associated with synvolcanic hydrothermal activity. The possibility that there may be
a lateral facies variation to a geological setting more analogous to Rosebery, either in subsurface
synclinal positions to east or west or down plunge? to the north, cannot be discounted.
Further lateral pursuit of this exploration concept would involve moderate depth strati graphic­
alteration drilling and require a thorough knowledge offootwall alteration zonation and a
commitment to following up alteration vectors, to maximise the chance ot;suceess.
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Exploration potential for this concept is regarded as moderate to low and the findability factor is
low.

* Drilling of pyritic alteration zones, § Boco and Animal Creek. The initial targets at Boco
were identified by blanket IP surveys and probably recognition of altered outcrops; subsequent
drilling was essentially stepping out to delineate the alteration zone and test conceptual
favourable horizons. Surface UTEM and downhole EM was systematically applied. Two
UTEM targets were tested by drilling and eventually attributed to overburden conductivity;
DHEM produced few responses and only one drill hole was partly targeted on DHEM grounds.
Latterly, Pasminco used aeromagnetic interpretation to predict and target an additional alteration
zone/s, AKI, along strike NNE of Boco.

Unfortunately, the many metres of drilling of the Boco and Animal Creek alteration zones have
failed to produce: * significant intersections of Pb-Zn or Au mineralisation,

* a recognisable favourable horizon or reliable facing direction,
* a comprehensive alteration zonation model.

A number of lines of evidence (including Sand 0 isotopic data, inappropriate Zn Ratios and
apparent NNE structural control inferred to be related to Devonian faulting) suggest that the
Boco etc. alteration zones are either not related to synvolcanic VHMS forming hydrothermal
systems or the systems were too weak/cool to produce significant deposits.

Nevertheless, I am unconvinced that they can be written off as barren systems. There is a large
volume of rock at Boco which has suffered near complete depletion of Na,O and unknown
mass changes of other components; this implies the involvement oflarge and energetic volumes
of fluid'. Large volumes of fluid can shift large quantities of base metals and potentially
redeposit them in large sulphide orebodies.

The negative isotopic data has not been reported in great scientific detail (at least not in the
company exploration reports) and it is not easy to assess whether the sampling has been
adequate and the interpretations valid. The II holes drilled at Boco were comprehensively
sampled and analysed for Na,O, SiO, and CaO by EZ in early efforts to fathom out alteration
vectors and their geologist (R. Sainty) made an excellent attempt (for that era) at volcanic facies
analysis but it was hampered by structural uncertainties (and a complete lack of oriented core).
My own geological review in 1987 was, as stated, rather cursory and apart from mapping
distribution of pyrite did not do much to advance the identification of alteration vectors.
I believe that significant improvements could be made in this area by systematic sampling of
drill core on a prospect wide and possibly sub-regional basis, and analysing for the complete
wholerock major element suite and Zr which may permit partial construction of an alteration
mass change model (within the constraints of the apparent primary compositional variability
mentioned on Page 18). More detailed isotopic studies may also assist in identification of
alteration vectors4 or confirmation of the "infertility" of these systems.

This kind of work would be best carried out in conjunction with the CODES-AMIRA MRV
alteration study to take advantage of the latest alteration interpretations and also requires a fair
commitment to following up possible vectors.

In view of the extent of previous drilling at Boco, and the possibility that the vectors may prove
to be up (ie: deposit removed by erosion) a detailed alteration study at this stage may prove to
be of greater academic than exploration significance. I estimate the potential to be moderate
with a moderate findability factor.

, A rough calculation based on a pipe like fmrn 500m in diametcr and -4OOm deep indicates a bulk of about 15OMt;
assuming a precursor composition with 3% Na,O, the removal of -SMt of Na,O is implied.

, A reoent discovery of significant mineralisation at Thalanga Range in the Mt Windsor Volcanics, North
Queensland was apparently based on follow up of an O-isotope fluid temperature anmnaly; this might be one of the
first Australian instances where the method has actually led to a deposit. •
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Two additional geological concepts which do not appear to have been addressed by previous
explorers are:

* Henty style Au deposits related to structural modification? and metal remobilisation? in
Cambrian volcanic related alteration zones where they are intersected by younger Devonian?
major fault zones. The age and genesis of the Boco and etc. alteration zones is uncertain but
they are located on an obvious (magnetic and topographic) structural lineament which is
probably a fault. The pervasive alteration in the Pinnacles rhyolite is likewise of uncertain
affinity but according to Pasminco's interpretation it is widespread and may be close to some
fairly major basement controlling structures. RGC's inside knowledge of the Henty gold
deposit presumably presents a major advantage in predicting favourable locations and the ability
to recognise favourable alteration vectors.

In consideration of the empirical nature of this exploration model (Henty metallogenesis is, at
least publicly, not well understood) and the extent of previous drilling and sampling (EZ appear
to have analysed their Boco drill holes from top to bottom) the potential for Henty Au type
deposits in EL 47/96 is estimated as being moderate to unknown.

* VHMS and Hentv style Au deposits associated with the Lynchford Member. Recent (public)
recognition of the stratigraphic control on the Henty Au deposit within the lower part of the
Tyndall Group (=Lynchford Member), existence of rich Pb-Zn massive sulphide mineralisation
at the same stratigraphic level at Comstock and the enormous zone of essentially VHMS
footwall style alteration immediately below this level at Mt Lyell has focussed considerable
exploration interest on the Lynchford Member (LM) as a regionally extensive favourable
horizon between Henty and Mt Lyell and elsewhere (~ Clark Valley and Mt Jacob).

R. Poltock's interpretation that a correlate of the LM exists above the WSF north and west of
North Pinnacles suggests that the ~3krn strike length there probably warrants further
investigation for VHMS mineralisation. The aeromagnetic data shows it does not re-appear in
the syncline east of the North Pinnacles ridge.
Exploration, probably involving reconnaissance IP, alteration mapping and wholerock
geochemistry (if fresh samples are obtainable) should be designed to identify extensive quartz­
sericite-pyrite alteration zones in the WSF footwall below the LM. Henty MQ-Comstock Chert
type silicification and anomalous gold, especially close to major fault structures (such as
Leaman's northern rift margin, Figure 2:7) could indicate potential for Henty style deposits.
The possible subsurface intersection of the LM and the Rosebery Fault could represent a deeper
conceptual target to be considered if surface work confirms the correlation with the sequence in
the Henty area.

The uncertainty of this correlation of the Lynchford Member across the Henty Fault, and in an
apparently more distal volcano-sedimentary setting, suggests a low-moderate VHMS-Henty
potential at this stratigraphic level in the North Pinnacles area.

The areas which have not previously been the subject of detailed grid surveys are:

* The Skm' area north and northwest of Boco. It is mostly covered by thick glacial overburden
over which (bedrock) geochemical sampling arid IP would be largely ineffective, the
aeromagnetic data does not suggest major alteration zones and it could be largely underlain by
relatively unprospective intrusive felsic porphyry and Dundas Group sediments. Further work
is not justified in the absence of some favourable stratigraphic indications; this would require
shallow stratigraphic drilling (the technique most dreaded by exploration managers)
Exploration potential is regarded as low.

* The 2krn' area linking Boco and North Pinnacles. It lies entirely over Dundas Group sediments
and porphyry, and was crossed by Pasminco's reconnaissance line from Silver Falls grid
(I 1600N) but no favourable results were reported. Exploration potential is low.

•
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* The3km' area west of 378.500E, west of North Pinnacles ridge. Poltock's (1993)
interpretation (Figure 21) shows this to cover White Spur Fonnation and Lynchford Member
correlates and overlying Tyndall Group? volcano-sediments in the hinge of the Silver Falls
syncline. VHMS exploration potential, as discussed above, is considered to be low to
moderate with high findability factor for near surface deposits but low findability for down dip
deposits.
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Quartz crystal sandstone? - quartz grains
( 8mm rounded and embayed.

WHITE SPUR FORMATJON

Rhyolite lava. feldspar> quartz phyrlc.
Host North Pinnacles Pb Ag Au mineralization

Grey-dark grey siltstones with mass debris flow,
graded units. from quartz feldspar crystal lithic ­
vltrlc siltstone.
Provenance felsic volcanics.

Volcaniclcatlc sandstono.
Provenance maflc - intermedIate volcanics,
pelitic metamorphlcs and ophIolite
Detrital magnetite.

Siltstone

Quartz muscovite sandstone, pebble conglomerate
and siltstone.
Provenance metamorphlcs, chlorite hematite
altered felsic volcanics and ophiolites.
Detrital minerals tourmaline, chromlte and magnetite.

Siltstone and pebble canglomerate (as for unit below).

LYNCHFORD TUFF - TYNDALL GROUP

Siltstone with minor felsic mass debris flaws and
pebble conglomerate.
Provenance metamorphlcs. chlorite-hematite altered
felsic valcanlcs and ophiolite.
• Magnetite grains In felsic mass debris flows.
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TABLE 1 Boco Wholerock Geochemical Data. Pancon, Blllllon and CSR samples BocoWRss 3 April, 1997 P1

Ii
SAMPLE Hole ElF' N ITo DeacrtF Fmn Gp SI02 n02 AI203 Fe203 MnO MgO COO NB20 K20 P205 LOI Total AI Ba Cr Sr Nb Y z, pm TllZr

111637 PANCONTINENTAL(Alras, 1987) 71.60 037 12.60 2,94 O,OS 0.83 023 3.84 3,42 0,09 1.64 98.01 51 1240 20 205 12 54 160 024 '2.3

19B38 65,90 0,64 14-60 4.56 0,14 133 2.40 4,38 1.84 0,14 2,06 97,99 32 1260 14 66l 14 49 700 022 5,0

19839 00,70 0.50 15,90 2,06 O,OS 026 0,34 422 5.OS 0,09 2,49 99,65 54 1300 40 275 12 38 465 0.18 6,4

19840 72.90 038 14,30 226 0,08 0,44 0,52 6,00 1,61 0,13 0,84 100,06 22 1100 16 2llll 16 38 435 034 52

19841 73.50 025 12.00 1.84 0,06 0,36 0.06 0,45 10,20 0,06 1,14 100,54 95 3300 16 q 6 24 160 0,32 9,4

19842 73.90 025 12.30 1,65 0,06 0,14 0,66 3,64 5.45 0,06 1,02 99,17 56 1900 8 135 8 36 150 024 10,0

19643 7630 0,10 10.00 0.88 0,04 0,10 0,06 1.15 6.15 0.Q1 2.56 97,95 84 ID40 24 78 10 22 110 0,10 5,4

19844 71.00 0,13 13.70 3.14 0,19 0.56 0,60 3,94 2,10 0,04 2.52 98,52 37 :nl 14 :leO 14 49 140 0.31 5,6

19845 7230 0!Z1 1230 3.32 0,12 OAO 020 4,42 3,34 O,OS 1,41 98.13 45 940 5 135 12 3l 100 0.'9 10,1

19846 66.20 0,46 14,40 3.62 0,12 037 126 4,06 4,40 0,10 1,42 98,41 q 1240 24 365 14 40 445 0.22 6.2

19847 67,50 0.52 15.70 1,82 0,03 0.17 0,82 324 5,35 0,06 2.78 98.01 56 1100 5 345 14 34\ 475 0,15 6.6

16901 BILLITON (Randell, 1991.) 71.60 031 15.00 1.89 0,06 1.43 0,11 0.17 4,14 0,03 4,42 10026 95 16 18 30 240 0.10 7,7

16902 7210 035 14,20 2.76 0.03 0,67 0,07 0.74 530 0,03 3,50 99,75 88 105 18 32 230 0,09 9,1

16903 80,40 026 13,70 0,63 0,00 0,08 0.03 029 1.12 0,02 2,32 98,65 79 78 17 14 210 0,08 7,4

16904 64,70 0,81 18,40 2,84 0,08 0,40 0,13 224 4,44 0,06 525 99,13 01 140 16 3l ~ 0.10 6.9

16ilO5 69,70 0.54 15,10 3,08 0,08 0,52 0,47 3,70 4.49 0,09 226 100,00 56 220 15 24 400 0,17 6.7

18008 67,50 0,83 16.00 3,10 0,04 0,42 0,66 2,98 5.00 0,10 3,12 99,56 00 240 17 34 570 0,16 6.6

16907 65,30 031 19,70 2,96 0,03 0,39 0,06 035 1,95 0,04 8,60 99.69 85 20 14 a:J 240 0,13 7,7

18008 72.00 039 1420 3,62 0.Q7 0.80 0.51 3.84 3,78 0,10 1.72 101.03 51 140 14 34 200 026 11.7

~ 69,00 0,40 14.50 292 0,05 1,11 I.OS 326 3,66 024 2.58 99.39 52 :nl 10 18 175 0,00 13,7

Il11!1 72.00 036 12..50 2.44 0,02 0,94 0,69 1.9' 4,96 024 2,10 98.78 69 70 16 24 180 0,67 120

16933 72.60 0.48 12.90 1,00 0,02 0.93 1,16 1,03 5,15 0,40 1.58 98,OS 74 78 13 36 230 0.83 12.5

lE1l34 69,30 0.73 14,00 3,00 0,09 1.45 1.59 4,56 1,46 0,36 2,64 100,38 32 220 16 35 :nl 0,49 14,6

16935 • 6230 0,67 19,00 4,66 0,09 127 0.95 0,07 2,12 037 820 99,72 77 18 15 18 260 0.55 15,4

16935 67,10 0,41 16.50 2,66 0,08 1,18 0.84 1,00 226 028 6.50 98,83 65 78 14 22 200 0,66 123

16937 77.00 023 11,20 1,78 0,08 0.89 0,70 2.56 2.52 022 232 100,40 51 130 14 24 140 0.96 9,8

16938 75,30 026 1270 1,37 0,02 0,72 0,81 1,66 5.50 025 1.76 100,35 72 115 15 25 145 0.98 10,7 tJ
(..)

1l,B39 70,20 0.55 14-60 3,00 0,06 1.31 1.00 4.58 1.40 029 3,38 '00.37 33 200 11 18 190 0,53 17,4 W
~ 75,10 0,32 12.20 0,00 0.Q1 0.55 0.88 2,42 4.58 029 1,88 99,01 61 98 11 18 125 0,91 15.3 0
18941 75,30 035 1250 1.91 0,03 0,92 0,82 024 4,18 026 3,08 99.59 63 30 10 22 156 0,74 13.5 to
18942 01.70 0.50 15.20 3.58 0,03 0.62 1,51 2.36 1.59 0!Z1 4,84 98.38 38 320 10 22 170 054 17,6

Q
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TABLE 1 Boco Wholerock Geochemical Data. Pancon, Billiton and eSR samples BocoWRss 3 April, 1997 P2
SAMPLE Hole E/Fr N/To Deserl! Fmn Gp SI02 TI02 AI203 Fe203 MnO MgO CoO N020 K20 P206 LOI Totol AI Ba er 51' Nb y Zr pm Till.

CSR (wm'ams, 1985)

184700 248 587.0 017.0 Cpp 75.60 022 11.70 1.65 0.04 0.10 1.10 2.65 4.55 0.02 1.51 99.14 55 940 ElJ 75 8 35 170 0.10 7B

184710 248 319.0 331.0 Cvf? 73.00 024 13.70 2.15 0.04 0.45 1.00 3.05 3.30 0.02 2.07 99.02 48 500 55 Il5 15 35 210 0.09 6.9

, 184711 246 272.0 287.0 Cva 73.50 023 12.00 4.15 om 0.45 O.SS 2.15 400 0.02 1.36 99.08 ffi 1350 30 Il5 10 35 HID 0.09 7.7

184712 250 337.0 355.0 Cvb 70.90 0.33 12.40 3.35 0.08 0.80 2.90 1.75 2.95 0.05 3.50 99.02 45 450 30 100 10 35 230 0.17 8.6

184713 242 195.0 213.0 CvI 72.00 0.30 13.80 2.45 0.05 0.65 1.50 2.35 3.10 0.07 2.86 99.73 49 000 70 110 15 25 190 023 9.5

184708 253 114.7 126.0 73.00 0.30 12.80 2.95 0.05 020 1.35 2.75 525 0.04 1.53 100.02 57 920 10 110 8 40 260 0.14 6.9

184707 253 319.0 336.0 68.80 0.30 12.40 2.80 0.09 0.15 305 2.05 5.05 0.03 321 97.93 50 610 35 Il5 10 40 260 0.11 6.9

184708 253 436.5 448.5 73.40 034 13.70 2.10 0.04 0.70 1.40 2.80 320 0.04 2.62 100.34 46 5ElJ 25 120 10 35 250 0.13 82

184701 278 133.3 196.0 70.8 0.30 13.40 3BS 0.07 0.50 120 3.85 3.35 0.08 1.75 99.15 43 1150 35 210 15 40 200 0.25 9.0

184702 278 2172 223.1 49.50 0.68 11.50 11.60 0.37 5.50 6.45 1.95 1.05 0.61 8.75 99.96 39 680 125 100 7 35\ 150 0.89 27.2

184703 278 438.2 442.5 5690 1.15 14.80 9.75 0.18 2.35 4.35 4.30 1.50 0.43 4.33 99.84 31 4lIJ 15 230 7 40 140 OZi 492

184704 278 447.5 457.0 72.00 029 11.00 3.00 0.10 0.70 2.70 029 3.75 0.06 4.76 9927 ElJ 320 45 50 10 40 170 021 10.2

184705 278 324.9 339.0 72.80 031 12.70 2.70 0.05 0.70 1.70 3.95 2.15 0.04 2.21 99.31 34 30 454 90 10 25 230 0.13 8.1

184880 279 217.0 227.0 Cpp 75.90 021 1120 225 0.05 0.40 2.05 225 2.30 0.02 2.70 99.33 39 450 35 ffi 10 35 170 0.10 7.4

184E1l1 279 237.0 242.0 Clm SS.90 0.90 15.30 9.55 0.19 3.05 2.00 1.90 0.34 620 95.33 71 460 5 130 10 30 150 038 3&0

184682 219 31g.0 330.0 Clm 49.90 0.84 10.40 12.00 0.30 7.40 7.50 1.80 0.68 0.57 8.70 99.89 46 370 95 180 10 30 150 0.89 25.6

184683 279 374.0 381.0 Cva 72.20 0.30 12.50 2.90 0.05 0.30 1.35 2.65 525 0.04 1.45 98.00 58 1000 35 110 15 40 270 0.13 6.7

184E1l4 219 418.0 426.0 Cva 70.30 029 12.70 3.60 0.06 0.30 2.55 3.55 2.90 0.07 2.90 99.24 34 000 35 200 10 35 200 023 8.7

164685 279 441.0 450.0 evo 70.80 029 11.80 5.40 0.D3 025 1.35 1.40 4.40 0.34 3.25 99.31 Ell ffiO 115 75 10 35 250 1.17 7.0

164668 219 516.0 530.0 Cva 73.90 024 11.70 2.10 0.05 020 lBS 2.30 5.00 0.02 220 00.56 56 900 SS ffi 10 40 190 0.10 7.6

212901 279 1ST.6 69Il2 Cpp 71.40 026 13.15 2.45 0.07 0.35 1.19 2.49 4.11 0.30 2.36 96.15 SS 260 1.07 6.5

212903 260 74.9 85.0 eva 80.00 022 10.15 2.15 0.01 0.10 0.06 3.19 0.01 1.92 98.42 95 180 0.05 7.3

21= 260 104.9 108.0 Clm 68.00 OBS 17.35 2.45 0.02 1.15 0.06 0.05 3.92 0.05 5.44 97.34 95 170 0.06 30.0

212932 .260 190.0 202.0 Cpa 77.00 024 12.30 2.20 0.01 0.45 0.05 4.03 0.01 2.66 96.96 99 200 0.08 72

212P38 260 211.0 221.0 Cpa 74.10 0.35 13.80 2.75 0.01 0.35 0.05 0.05 4.20 0.05 3.11 96.62 95 250 0.14 8.4

212602 260 261.5 268.8 CvI 6620 0.49 1435 5.10 0.11 1.55 0.98 4.35 2.31 0.11 2.62 98.17 42 220 0.23 13.4

212006 260 278.5 287.8 CvI 87.80 052 13.30 4.65 0.08 0.80 1.51 0.10 3.94 0.12 4.62 97.44 75 240 0.23 13.0
1'':'
W

Mass Ch8l1g..212802->212806 (gl100g) -4.05 -0.01 -2.16 -0.84 -0.04 -0.82 0.40 -4.28 1.30 -0.00 1.62 Nett: -9 W
212600 260 28ll.6 295.6 Ceb 73.40 031 12.75 305 0.01 0.60 0.90 0.09 4.17 0.05 3.51 96.84 63 240 0.15 7.7 0
212619 260 307.6 317.8 Cpa 75.60 024 12.05 2.15 0.00 O.SS 0.46 0.09 425 0.02 3.00 99.04 90 210 0.10 6.9 <0

212832 260 332.7 342.0 Cpa 73.30 027 12.45 2.65 0.02 0.50 022 0.08 4.18 0.00 329 96.99 94 230 0.09 7.0 to-

212638 260 344.6 347.4 Clm 58.20 1.00 14.35 9.05 0.18 1.85 1.54 0.41 1.89 038 5.06 9392 Ell 170 0.38 35.3

212639 260 395.0 400.0 Cpp 73.20 026 11.70 2.50 0.04 0.45 0.56 2.70 3.06 0.00 2.70 97.20 52 220 0.13 7.1



-~ - -'---- - - - - - - - - - - - - - - - - •

BOCO & BULGOBAC

[J :" Airas

: .. BUltton

: _ BBP2BO

:0
. -------- --···e-----,------ ---------- ---,--------- ---------- .,---

, ,

----- --- -----------------.--- ------------------'------------.

.....-

...... ..-,

----------------- -.-'------- -----------

-------,----- --------- ------,------

BBP253

BBP278

BBP242-250 :

BBP279: ..
:[J

:-

-
..

0.8 .

1.0 .

.......... -

- - r - - - - --

,

--------- -----'---------- ..

_____ J' . ,
..

..
""

----.------- --------, -----------

..

--..
..

..

[J

..

..

0.61-···················· _ .

0.4 ~ , " "
~ T :.. . ~ .

alii' 0._ ..
[J ....

... l:J. : ....
,,6.llt. ED.C

0.21-' , fil.'l : ·· 0 , •....••.•••••....•.•, c .

,

I ; : . : "0.00~................--'-'~;:_'" ...............................~~.......................~-:--'"" ..............................':::....................................~--'-' ...............................i............................................J.........................................J
100 200 300 400 500 600 700 800

Figure 32 Ti02-Zr scatterplot of sampli;' from the Boco-Bulgobac Area Zr

-



-~-----------------_.ti--"-

: • Clm

. " Cpa

1.0 ~----- -----------$--- -,-- ---------
,

_.------~----
Cob

- -, - - -- -- -- - - - --.
o

,
Cpp

Cva & Cvb

0,8 ~-------------
; '" Cvf

0.6 ~-------- - - - r --

Q .iG..

'" ci.,
'".,

'"

- - ,. --

N.,!o <..N-o.o-.t %~l"i.A.
, ,

-----_._---~-- -,". --------- ----i- -------_. -----.---

- - - - - - -- - - --

- -- .,
"--1--

--,- --

~ 6 ~
• N.. ,

'0

:t::
:..i

<1'".
...; ~ I oCl.

• '"'' '18 :--------c..- -. ~ -----------
~

0.2 ~-'------

0.4 ~-.-------------

800

Zr
Ti02-Zr scatterplot of CSR's samples from Boco drillcoreFigure 33

: : i0.0o~ ~~ '-'- '-';;~ "-';~'-'- ~=~ '::"~:' .i.;' -'- j ;' ~
100 200 300 400 500 600 700



_L__ -~~~----------- - _.
TABLE 2 Norlh Pinnacles Wholerock Geochemical Data. Pancon, Pasminco & Bllilion samples NPWRss 6 April, 1997 P1

SAMPLE Hale EIFr NITo Descrlf Fmn Gp SI02 '1102 AI203 Fe203 MnO MgO CaO N820 K20 P205 S03 LOI Total AI Cr Sr Nb Y Zr pm TIIZ,

PASMINCOlpoltock,1994)

34lOO NPD5 100.0 ,lIiell qlpRhyolile 64,00 0.30 17,65 4,37 0.09 2,30 0.59 3,18 3.17 O.OS 0.93 3,80 100.43 fll <7 265 8 38 227 0.17 7.9

34990 NPD5 311.0 libel IpRhyollle 75.50 021 10.89 3,05 0,14 1,08 0.35 2,02 4.81 0,04 0.67 1,15 99.91 71 <7 112 4 19 138 020 9,1

34991 NPD5 392.0 cb-chl Ynd IpRhyollle 7320 024 12.52 324 0,08 0.54 0.81 3,00 4.09 0,04 0,38 126 100,00 51 <7 158 9 24 167 0,16 8,6

341192 NPD5 452.0 cb-d\1 'nd fpRhyollle 72.00 023 12.64 1.60 0,04 0.09 0,95 1.01 9,10 0,04 0,81 1.19 100,29 82 7 95 6 22 162 0,15 8.5

34993 NPD5 551.0 cb-d\i ,nd IpRhyolile 73.10 023 12.61 1.95 0.07 021 0,00 0.73 9,OS 0.04 0,24 1.06 99.89 67 <7 Eli 4 aJ 158 0.15 8.7

34994 NPD5 625.0 qlp?Rhyolite brecca 77.50 0.11 11.15 2.32 0.09 0.68 021 1.87 4,57 0.01 0.34 1.29 100.14 72 <7 58 6 Zl 109 0.10 6.0

34995 NPD5 716.0 qlp?Rhjollla 71.50 027 13.43 2.98 0,10 0.48 1.32 3.03 4.52 0.04 0.01 1,97 99.65 53 <7 130 7 29 183 0.15 8.8

34B96 NPD5 781.0 ql~?RhYOIII. 72.10 027 13,57 2,65 0.13 0.68 0.68 2,93 4.58 O.OS 020 1.72 89.96 58 <7 00 11 24 177 0,17 9,1

34991 NPD5 58.0 ,iIiCI1 qlpRhyoille 70.70 024 14,89 3,10 0,08 153 0.68 5,19 1.35 0.04 0.02 1.87 99,89 33 <7 37ll 7 291 179 0,17 8,0

Meanol34991,95&96 Least altered Rhyolite? 72.27 026 13.17 3.02 0,10 0.57 1,00 3.19 4,40 0.04 0,20 1.65 89.87 54 129 9 26 176 0.16 8.9

Meanof34892&93 Most altered Rhyolite? 72.85 023 12.62 1.78 0.05 0.15 0,77 0.87 9,08 0.04 0.52 1.12 100.09 85 00 5 21 160 0.15 8,6

Mass Chang...:Leas'aild·> 34969 (gl100g) ·22.7 -a.0 0,5 0.4 -a.0 12 -a.5 -0,7 ·1.9 -0,0 0,5 1.3 ·22 Natl

Mas. Chang..: Least aUd ->34990 (gll00g) 23.8 0.0 0.7 0,9 0,1 0.8 -0.6 -0,6 1,7 0.0 0,7 -0.2 'Z! Natl

MB8' Changee: Laast a1td -> Most aUered (gil DOg) 7.7 -a.0 0.7 -1.1 -0.0 -a.4 -0.2 -2.2 5.6 -0.0 0.4 -0.4 10 Nett

PANCON (Alre•. 19a71

l004B NPP215 50.6 74.20 0.19 10.50 0.88 0.03 O.OS 137 0.37 9.10 0.10 1,81 98.60 84 5 10 6 26 135 0,53 SA

l004B NPP215 728 75.90 023 12.70 0.52 0.04 0.11 0.78 5.50 3.08 0.10 1.07 100.03 34 14 145 10 32 180 0,43 7.7

10050 NPP215 125.4 60.40 0.34 20.10 1.10 O.OS 0.88 1.69 6,40 4.14 0,08 3.12 98.08 37 22 150 12 44 250 024 82

MassChangee: 19849-> 19848 (gI100g) 23.0 0.0 13 0.7 0.0 -a.0 1.0 -5.0 9.1 0,0 1.3 31 Nett
•

MassChangee: 19849->19850 -32.4 0.0 1.8 0.3 -0,0 0,4 0.4 -0.9 -0,1 -0.0 0,0 12 -29 Nett
N
(,..,J

BILLITQNIRanda" 1991bl CO
16940 75.10 0.32 12.20 0.80 0.01 0.55 0,88 2.42 4.56 0,29 1.88 99,01 61 96 11 16 125 0.91 15.3 0

18941 75.30 035 12.50 1.91 0.03 0,92 0.92 024 4.18 026 3.08 99.59 83 30 10 22 155 0,74 13.5 to
~

14898 _. -- 81.80 0,11 8.93 1,82 024 0,62 O,OS 1.42 2,19 0.00 96.99 66 84 12 21 174 0,00 3.8
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3

However, on a local scale, it is evident that strong quartz-sericite-pyrite alteration was associated
with modest gains of SiO" Fe,o, and S and total depletion of Na,O, comparable to the mass
changes estimated for the medial to peripheral zones of the Hellyer and Thalanga footwall
alteration systems.

The alteration system appears to have been relatively focussed but there are no obvious volcanic
facies or structurally induced permeability controls on hydrothermal flow. It has not been
possible to deduce prospect-wide alteration intensity vectors within the alteration zone, due to a
broad range of immobile element concentrations, in both least altered and strongly altered rocks,
inferring a phase of non-feldspar destructive, diagenetic? alteration in which some major
component mass changes outweighed those due to quartz-sericite-pyrite alteration.

233115SUMMARY1

The rhyolitic facies assemblage is host to a cross cutting, sub vertical, pipe like synvolcanic
quartz-sericite-pyrite alteration zone which, prior to deformation and --{)()()m dextral fault offset,
had a roughly cylindrical form about 500m in diameter. The alteration zone is known to extend
sub vertically at least 400m below the present erosion surface, which truncates it at a stratigraphic
level about 150m (or possibly upto 45Om) below the probably conformable contact between cve
volcanics and the overlying volcano-sedimentary part of the Dundas Group. There is slender,
indirect evidence that this contact is stratigraphically equivalent to the Rosebery-Hercules
favourable horizon.

The small mass gains, lack of a well defined pyritic stringer zone and absence of base metals
supports an earlier interpretation, based on iJ"O and iJ"'S data, that Boco is a weak synvolcanic
hydrothermal system that did not achieve temperatures sufficient to transport base metals and
produce a VHMS deposit

Accordingly, there is low exploration potential, for further infill OI' deep drilling of the Boco
system. VHMS potential of the possibly favourable CVC-Dundas Group contact, within EL
47/96, is considered to be moderate to low with a low findability factor.

A thorough re·examination of diamond drill core from the Boco prospect has indicated tbat the
volcanic facies are dominantly resedimented rbyolitic pumice breccials intruded by and interlayered
with voluminous sills, domes and flows of coberent rhyolite, probably emplaced in a subaqueous
rhyolitic caldera setting, typical of the Central Volcanic Complex. The most likely interpretation
is that the facies assemblage is upright and dipping at a low angle to the northwest. The structural
set up is uncertain because of conflicting sedimentary facing indicators and general difficulty in
correlation of the massive and compositionally non-distinctive volcanic units.
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The Boco prospect is centred on an extensive quartz-sericite-pyrite alteration zone located beneath
the tluvio-glacial plain at Boco railway siding, in rhyolitic volcanics assigned to the Central
Volcanic Complex (CVC) of the Mt Read Volcanics, approximately midway between the Rosebery
and Hellyer mines in western Tasmania.

It was subjected to a fairly intensive programme based on gradient array IP and soil geochemical
exploration for VHMS deposits, by EZ Co. and CSR, during the late 1970s and mid 1980s. That
culminated in drilling of 12 short percussion drill holes and 14 diamond drill holes totalling
-5650m which more or less defined a 1400m x 350m zone of strong pervasive quartz-sericite
alteration, characterised by neartotal Na,O depletion and a few percent disseminated pyrite, but did
not intersect significant base metal mineralisation. Subsequent systematic down hole and surface
TEM, RMlP and gravity surveys failed to produce further drilling targets. In 1991, Pasminco
drilled an aeromagnetic low anomaly about 2km NNE of Boco (AKl) but intersected only weak
alteration and no base metals.

RGC Exploration P/L acquired tenure of26km' in the Boco-North Pinnacles area under EL 47/96
to explore for VHMS deposits and carried out a detailed literature review of previous exploration
results, (Herrmann, 1997a). That review concluded that, despite the substantial amount of
previous drilling and some lines of interpretation suggesting the hydrothermal alteration system
may have been barren, truncated by erosion or unrelated to sea floor volcanism, the Boco prospect
could still have VHMS potential which could be explored by more detailed alteration studies and
volcanic facies analysis in an attempt to establish the facing direction and identify favourable
horizon/s and alteration vectors.

This report presents the interpretations from a consequent more detailed re-examination ofBoco
drill core and geochemical data, carried out for RGC under a contract agreement by W.Hemnann.

The re-examination has focussed on detailed re-Iogging and preparation of graphic core logs, of
the extant Boco drill core' and interpretation of 33 new whole rock analyses as well as previous
whole rock, Na,O, Sand a"o geochemical data.

3 VOLCANIC FACIES and STRUCTURE

3.1 Volcanic facies association

The rocks which host the Boco alteration zone are vastly dominated by massive rhyolitic
volcanics. Their massive character, lack of compositional contrast and the significant blurring
effects of extensive hydrothermal alteration, have considerably frustrated my efforts to interpret a
volcanic facies and structural model.

The most volumetrically abundant rocks are sparsely feldspar phyric to aphyric coherent rhyolites
(<3%, 1-3rnrn tabular plagioclase phenocrysts in fine grained aphanitic siliceous pink to red- grey
matrix) which exist in individual units from a few metres upto at least 200m in (downhole)
thickness (eg: BBP278). They are dominantly massive; in places they have faint planar flow
banding or well developed perlitic and spherulitic devitrification fabrics and local pseudoclastic.
fabrics developed from domainal silicification ofperlitic groundmass. Occasional peperitic
contacts against volcaniclastic units suggest a partly intrusive mode of emplacement although I
have not found any instances where both (upper and lower) contacts are peperitic. On the other
hand, locally developed monomict hyaloclastite breccias and the fairly common presence of similar
looking sparsely feldspar phyric rhyolite clasts in polymict and/or pumiceous breccias, indicate
that the coherent rhyolites were at least partly eruptive. These coherent rhyolites were probably

I Most of the Boca drillL:ore is in surprisingly good condition and is currently stored at Pa.~minco's Tullah Core
Compound. All holes except BBP209 wcrerelogged: alt bUllhe lOP lWo trays of BBP209 (In glacial cover) appear
lo have been tosl during transfer from the Rosebery Mine core shed.
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233111'
emplaced as a complex assemblage of overlapping flows, smaJi domes and sub volcanic
intrusives.

Feldspar porphyritic rhyolites (>-5% plagioclase phenocrysts, often glomeroporphyritic) appear to
be volumetrically minor, usually exist as thin units upto a few tens of metres thick and are inferred
to have been emplaced mainly as synvolcanic sills or dykes.

Monomict rhyolitic "hyaloclastite" breccias are relatively restricted (in BBPs 2m, 246, 247 and
some thin zones in BBP 278). Resedimented volcaniclastic breccias composed of polymictic
mixtures of rhyolitic lithics, pumice clasts and locally, volcaniclastic siltstone intraclasts, are more
widespread. These polymict breccias are volumetrically very subordinate to coherent rhyolite and
typically exist in massive to crudely stratified units upto a few tens of metres thick, (eg: upper part
of BBP253) or as thin screens between sill like intrusives? of coherent rhyolite (eg: upper part of
BBP 250). They are typically quite rich in juvenile, angular to irregular shaped clasts, mostly in
the 5-50mm size range, which are unsorted or crudely graded in clast size or abundance, and
invariably matrix supported in a murky "ashy" siliceous, pumiceous or (least commonly) sandy
groundmass. The dominantly massive bedforms, matrix. support and angularity of clasts, and
apparent compositional relationship to the coherent rhyolites, indicates more or less syneruptive
deposition of largely quench fragmented rhyolite and some pyroclastic detritus by subaqueous
mass flows in a fairly proximal volcanic setting.

In a few places, polymictic breccias are associated with diffusely bedded, graded or thin bedded
lithic volcaniclastic sandstone and minor siltstone. They are best represented in BBPs 208, 251
and 280 where individual graded units range from a couple of metres to about 15m in thickness
but are still relatively subordinate in volume and are interpreted to represent the sandy tops or
slightly more distal parts of subaqueous volcaniclastic mass flows.

The most abundant volcaniclastic deposits are tube pumice rich breccias of rhyolitic composition
which exist in massi ve units usually at least 20m and upto -100m in downhole thickness (eg: BBP
279). Their fabrics are commonly well preserved, even in moderately altered zones, with closely
packed, disoriented clasts of tube pumice from a few mm to -5Omm in size, some greenish
sericitic compacted pumiceous "fiamme" and variable amounts of (not ubiquitous) juvenile
rhyolitic clasts in a typically grey murky matrix. Some units are crudely graded in terms oflithic
clast content and some pumiceous sequences have thin graded pumiceous sandstone interbeds
probably representing the winnowed tops of individual depositional units. They are interpreted to
be more or less syneruptive deposits, mainly of resedimented pumiceous pyroclastics, deposited
by subaqueous mass flow processes. In only one case (BBP 253, 202-212m) there are possible
relict spherulites in pumice breccia, suggesting high temperature devitrification, possibly in a
partly welded pumice deposit.

The apparent close compositional relationship between coherent rhyolites and pumice breccias (see
also Ch. 4) suggests a comagmatic relationship. The coherent sills and lava domes may represent
the devolatilised magmas intruded into and erupted onto a sequence of pumiceous mass flow
deposits originating from the preceding phase of explosive eruption. A proximal subaqueous
rhyolitic caldera setting, similar to that interpreted for much of tbe CVC and particularly the
Rosebery-Hercules footwall sequence (Allen, 1994), is probably applicable for the Boco area.
Very limited geochemical data (analysis 100610, Table 1) suggests that the fine grained sandy-silty
volcaniclastics in BBP 280 have a similar rhyolitic source and represent locally resedimented
materials.

Persistent units of medial-distal volcano sedimentary facies association or ambient suspension
sediments appear to be absent in the Boco prospect area. Likewise, there is no recognisable major
compositional break in the volcanics at Boco; apart from minor mafic and dacitic intrusives
virtually all of the rocks are rhyolitic (with a narrow range of Ti/Zr ratios between 5 and 8).

The on Iy exception appears to be the east facing sequence of volcaniclastics in BBP208 (the
southeastern most hole, about 700m outside the Boco alteration zone) which includes pumiceous
lithic sandstone and breccias containing feldspar phyric dacite clasts and a -20m thick coherent
dacite. The extent of this dacitic part of the sequence and its stratigraphic relationship with the
Boco rhyolites is uncertain.

•
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2 The 1: 1000 and 1:.5(X)() scale cross sections 1n Figures 2 lo 10 are drawn on section lines bearing approximately
285° AMG. sub-paraJlelto the majority of the drill hole traces. For the purposes of thiS report and to provide a
relational framework for the cross sections I have used an arbitrary grid with a !()(J()E baseline running at 015° AMG
roughly through the middle of the prospect as defined by the existing dnll holes. This is a reasonable
approximation to the general strike trend as indicated by the conlact between the evc and Dundas Group
Immediately northwest of Boco Siding. The "virtual grid- has no particular relatIOnship to the various exploration
grids pegged and surveyed by prevtous exploration groups although the bearings are roughly similar 10 that used for
EZ Co's. 1983 lJrEM survey. ,

Figure 2, shows alternative interpretations for geological sections based on the observed bedding
to core angles which, in general, indicate either fairly steep or fairly shallow westerly dips;
assuming that the sections are roughly perpendicular to strike, as indicated by the NNE trend of
the CVC-Dundas Group contact west of Boco Siding. If the strike is otherwise, then moderate
NE or SE dips are possible.

Unfortunately the facings are too few and far between, none of the core was oriented and the
general difficulty of correlating units from hole to hole and section to section, has made it
impossible to arrive at a convincing and geologically realistic structural model.

A few reliable, and some doubtful, facings have been interpreted from bedded and graded
volcaniclastic units intersected in several drill holes. These are shown on the graphic logs and
cross sections' in Figures 2 to 10.

Hole Depth ~ BeddingILAC0° Facing Direction

BBnal 20, 70, 150m Graded breccia & Sst _45" (3(}.{i()j ?
BBP"'....53 6O-12Om Lithic content of breccias Compaction fol.-45° ?
BBn46 130m Graded PumBx->Sst ? West
BBP242 320m • 60-700 West
BBP280 320m Graded Sst->Slst 30-40" ?
BBP"'--51 275, 342 & 375m Graded Breccia & Sst 45° West or down?
BBP279 46O-49Om Graded lithics in PumBx Compaction fol.-400 •

The most reliable facing indicators (in order of increasing northing) are located at:

3.2 Volcano-stratigraphic facing and Structure

Virtually all the Boco drill holes intersected several to numerous short intervals of coherent mafic
and intermediate rocks ranging from medium grained holocrystalline dolerite, through fine grained
amygdaloidal basalt to feldspar porphyritic-glomeroporphyritic andesite. These have invariably
been interpreted as trun intrusive sills and/or dykes. They commonly have finer grained quenched
or more amygdaloidal margins and sharp intrusive contacts, and sometimes include spalled
fragments of the wall rock. The thickest of them are holocrystalline dolerites in (downhole)
intercepts of upto 45m in the southern holes BBPs 246, 247, 248 and 253.

Similar intercepts of dolerite at about the 200m level in BBPs 246 and 247 suggest a sub
horizontal sill like form but, in general, the orientation of these mafic intrusives is unconstrained.
They do not appear to be very regular or persistent. Rare examples of possible peperitic mafic
intrusive breccias (eg: BBP279, 259m; BBP253, 180m) suggest that they were partly emplaced
into unlith.ified volcaniclastics, ie: they were probably more or less syn-volcanic.

Limited whole rock. geochemical data (of questionable accuracy) from six mafic intrusives in BBPs
278,279 & 280 (Figure II) indicates that the fresh basalts and andesites have high P,O,iTiO,
ratios --D.9 and 0.4, respectively. The two most mafic samples fall in the compositional range
occupied by shoshonitic Suite III mafics of the Que-Hellyer Volcanics, (Crawford et aI., 1992).

Feldspar phyric dacite sills of similar form exist in BBPs 208, 253, 279 & 280.
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The sections on the left side of Figure 2 show intcrpretations based on flattish westerly dips,
which satisfactorily accommodate all the upbole facings in tbe southern holes from 200N to
12SON but run into a major problem on 14SON and 1650N where facings in BBPs 251 and 279
are down hole. This kind of local overturning is not credible for a flat lying sequence.

The down hole facings in BBP251 favour a steeply west dipping sequence (as represented in the
sections on the right side of Figure 2) but this interpretation is difficult to reconcile with the uphole
(steeply overturned easterly?) facings in BBP280, on the next section 200m to the south. The
same diffIculty arises between sections SOON and 200N where the steep westerly dipping model
is confounded by westerly facing in BBP246 and easterly facings in BBPs 208 & 253. The
facings in BBP253 are doubtful and there may be room for an antiform between BBP 253 and
BBP 208, but there is no other evidence for it.

Whatever model is considered, the contrary facings in similar volcaniclastic sequences intersected
200m apart in BBPs 251 and 280, are irreconcilable. Facings in one or the other of these holes,
have to be invalid.

If the facings in BBPs 280 and 253 are ignored then the remaining facings are consistent with the
steeply west dipping model with a tight antiform invoked for the southeastern comer between
BBPs 253 and 208. However, tbe Boco volcanics, including the strongly altered and pumiceous
lithofacies, generally do not have well developed cleavage and there is little evidence of ductile
strain which might be expected in tightly folded rocks.

Alternatively, if the interpreted downhole facings in BBPs 251 & 279 are discounted, all the other
observed facings are consistent with the shallow westerly dipping model. The cross sections
interpreted for the shallow dipping model in Figure 2 are geologically reasonable but there is a
possible problem on section 1650N where limited geochemical data suggests that the pumice
breccias in BBP279 are compositionally different from those in BBP254 and 251 (see: Ch.4.2).

The shallow west dipping model is probably more consistent with the moderate (250 -58")
northwesterly dips recorded in Dundas Group sediments nearby to the NW of Boco (Corbett &
McNeill, I9&); Herrmann, 1987) and Selley's (1992) interpretation of high structural competence
of the CVC relative to the enclosing sedimentary sequences.

There is no persistent, compositionally or texturally distinctive, marker unit or facies association to
enable a more rigorous structural-stratigraphic interpretation'. I currently favour the shallow
west dipping structural model (a revision of my 1987 preference) but the evidence is far from
overwhelming.

The most readily correlated structural feature is tbe brittle fault zone associated with a broad zone
of silicified cataclasite and quartz-carbonate-(chiorite) veining in holes BBP207, 242 and 246.
This fault appears to trend -200AMG and dip at -80" to the east and is probably traceable through
broad fracture zones (without major silicification) to the north. In both BBP242 and 246, there is
no lithological change across the fault which suggests it has no great dip slip displacement.

Its apparent control on the western boundary of the pervasive quartz-sericite-pyrite alteration zone
on section 750N (BBP242), the eastern boundary of alteration on 1450N and 1650N (BBPs 250
& 279) and the pinching out of the alteration zone in the middle parts (IOSON, BBP248), is
consistent with a dextral strike slip displacement of -SOOm (Herrmann, 1987).

The inferred dextral movement is compatible to that of a major "brittle-ductile" shear zone
interpreted by Selley (1992) to trend NE from the Pinnacles-Bums Peak area. The latter has no
aeromagnetic expression but is sub parallel to a distinct magnetic and topographic linear along
Boco Creek south west of the Boco Prospect (the Boco Shear Zone of Leaman, 1991b). The
orientation of the fault intersected in the drill holes corresponds to the secondary synthetic shear

, A rew sticks or oriented core rrom the bedded volcaniclastic !'.e<\uences In BBPs 2~, 25\ & 2l!O would have
substantially reduced the uncertainties. Given the depth or unconsolidated glacial overburden and the mainly BQ
hole sizes, it would!!Q! be straightforward to now run back into these holes and obtain oriented cores by wedging
olT. ,.
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• In BBP"'.A7, there is a patch of 1-3% disseminated pyrite at 285-325m but the eastern limit of the main alteration
zone is interpreted to be where major Na,O depletion cuts out at about 155m.

("P") direction in a dextral strike slip system. It possibly extends along a weaker NNE magnetic
linear to the magnetic tow anomaly tested by drill hole AK 1.

The known extent of the alteration zonc is thus generally consistent with a moderately to steeply
cast pitching elliptical pipe, originally of -6OOm ll400m in plan dimensions, which has been

5 The massive guartz-(carbonate-chlorite) altemlion and veining charncLeristic or the 02(r raull zone in SSPs zen,
242 & 246 was not observed in the northern holes but in every case there is a significant fault or fault zone in about
the nght localion to suggest that it persists northward. •

8

4 ALTERATION

North of BBP280, the eastern boundary of alteration is detcrmined by the northward projection of
the 020" fault' in BBP 250 (very abruptly) and in BBP279 (less obviously). The only constraint
on the western boundary is its projection from BBP254 to BBP279 which suggests it pitches at
-5ff' east.

The boundaries of the alteration zonc are not fully constrained by the existing drill holes. In
BBP242 (and probably also in BBP207 which ended in the fault zone) the alteration zone abruptly
terminates westwards against the 020" trending fault (discussed in Ch. 32) but the eastern limit is
undefined. In BBP246, 250m further south, the western boundary of alteration is about 30m east
of the fault and the eastern limit of strong alteration in BBP247 indicates that it is -120m wide at
-200m below surface'. The southern extent and the dip of the boundaries is not well constrained
but, if the geometry is simple, the alteration zone here probably pitches steeply to the east.

4. 1 Alteration Zone Morphology

The alteration generally is quite pervasive and continuous, with total plagioclase destruction across
broad zones, and no megascopically recognisable internal zonation except that it tends to be patchy
around the fringes. Primary volcanic fabrics such as perlitic devitrification fractures and delicate
tube pumice clasts are, in parts, extremely well preserved despite strong alteration. Elsewhere (eg:
in BBPs 250 and 280) pervasive quartz-sericite-pyrite alteration has "detextured" the rocks to a
massive, fine granular siliceous mosaic which effectively defies facies definition; I have generally
interpreted these "detextured" sections as being altered coherent sparsely feldspar phyric rhyolite
on account of their massive, unvarying fabric.

The Boco Alteration Zone is characterised by an assemblage of microcrystalline quartz, sericite and
disseminated pyrite which has pervasively replaced felsic volcanics of both coherent and
volcaniclastic facies. Pyrite content is generally around 1-3%, very locally upto about 10%, (by
volume) existing mainly as very fine disseminated specks, in places as disseminated blebs
occupying former feldspar crystal sites or as fine veinlets replacing flow laminae or perlitic
devitrification cracks in coherent rhyolites. Well developed pyritic stringer vein networks are
negligible.

The Pinnacles-Burns Peak NE shear zone (Selley, op. cit.) apparently has no significant
displacement but it formed a locus for hydrothennal fluids and developed [alteration] "pods of
quartz and sericite .. , connected by a series of oblique synthetic fractures". Selley's (op. cit.)
interpretation links the formation of NE trending folds (in Dundas Group sediments) in the
hanging wall (east) of the Rosebery fault with dextral simple shear along NE trending zones by the
mechanism of wrench folding.

These structures are unequivocally Devonian; Selley's interpretation for Pinnacles-Bums Peak
implies a Devonian hydrothermal and alteration event. However, as diseussed in Ch. 4.2, it is
likely that the Boco pervasive alteration zone was fonned by a syn-volcanic (Cambrian)
hydrothennal system and has been dextrally offset during Devonian defonnation.
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bisected and dextrally offset about 600m by the 0200 fault (Figure I). It extends to at least 400m
vertically below surface.

Unaltered rocks in BBP253 infer that the alteration zone does not extend very far south of
BBP246 & 2A7 but the northern end is not tightly constrained. There is a possibility that it
extends some distance to the north in the untested zone between unaltered rhyolites in (percussion
holes) BS to & II and outcrops on Boco Road near 383300E 5387I00N.

Depending on which structural model is preferred, the steeply east pitching alteration pipe either
squarely cuts across the volcano-stratigraphy or transects it at a low angle. However, there is no
clear facies-penneability control on the location or intensity of alteration. Some of the most pyritic
zones are in volcaniclastics (eg: BBP 251, 270m; BBP242, 300m) but there are also extensive
zones of total Na,O depletion in coherent rhyolites. ../

On a local scale (for instance: on the western fringe of alteration in the lower part of BBP254)
there may have been some coherent=low permeability controls on hydrothennal flow and alteration
intensity but, in general, the hydrothermal system seems to have been fairly resolute in reacting
pervasively with whatever facies lay in its path'.

Given the great contrasts in permeability which would be expected in a sequence dominated by
pumice breccias and glassy coherent rhyolite, this rather surprising observation suggests that
substantial diagenetic compaction and siliceous? pore space filling reduced the permeability of
volcaniclastic breccias prior to peak hydrothermal activity. Fracture permeability or major
structural brecciation does not seem to have provided an overall control on pervasive quartz­
sericite-pyrite alteration.

I remain puzzled by the relatively focussed nature of the Boco alteration system. There are no
clear exploration implications, in regard to predicting which volcanic facies and structural settings
may host other, related alteration systems.

Regardless of which structural model (shallOW or steeply dipping) is applied, it is apparent that the
system is upright. In the immediate Boco area, it has been "unroofed" by erosion; ie: there is
no indication, in the drill holes, of a palaeo sea floor horizon marking a contrasting footwall­
hangingwall style of alteration, or at which hydrothennal exhalative deposition may have occurred.

4.2 Mobile component mass changes

4.2.1 Boco quartz-sericite-pyrite alteration
The most obvious geochemical changes associatedwith the Boco alteration system are broad zones
of major Na,O, Cao and Sr depletion (attributable to plagioclase feldspar destruction) and sulphur
addition'. This is evident in the extensive analytical data assembled by Sainty (1984) from EZ
Co's. drill holes BBPs: 207, 2A2, 246, 2A7, 248, 250, 251 & 254; from which the Na,O and S
analyses are reproduced as line graphs on the 1: 1000 drill hole sections in Figures 3 to 10.
There are broad zones of <0.2% Na,O with surprisingly abrupt boundaries at the fringe of the
alteration zone, against background levels of -2-3%. Na,O depletion does not seem to be
gradational.

In general, there is a negative correlation between Na,O and S indicating that pyritisation
accompanied feldspar destruction but there are some surprising exceptions (eg: BBP2A7,3OQ­
325m; BBP251, 18S-215m) where moderate levels of Na,O and S co-exist.

I> Frequent cxceptions eXist wiLhin the zone 01" pervasive altcmtion in the mafi.c intrusives which are mostly unaltered
and indIcate intrusion after the hydrothennal allerauon event: mafic intrusives between 160-18Om ID BBP25]
contain xenoliths of quanz-sericite·pyrite altered rhyolite. This is not, however, always the case and there are severaJ
similar textured flOe grained basaltIC dykes, within pervasively altered zones in BBPs 247, which are also
pervasively scricitised and endose pyrite veinlets. The implicahons are that intrusion of mafic dykes/sills panly
preceded, hutlargety post dated, pervasive a1leration.

7 CaO depletion is not as dear cut, probably due to overprinting by carbonate vein networks.
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Additional' wholerock major and immobile element analyses were acquired as part of this study,
in an attempt to determine the major component mass changes due to alteration, and to check for
regular zonation which could infer "alteration vectors" for exploration.
The data are listed in Table I, sorted data in Table 2, and a background explanation is given in
Appendix III, on the method of calculating mass changes using Zr as an immobile monitor.

The objective is to compare altered and least altered compositions of uniform or equivalent
volcanic units. This has not been straightforward at Boco due to the complexity of the volcanic
facies assemblage and difficulty of correlation.

The TiO,-Zr data, plotted in Figure 12, indicates that all samples of aphyric rhyolites, sparsely
feldspar phyric rhyolites and pumice breccias which dominate the Boco volcanics (Groups
A,B,D), occupy a narrow range of TilZr (6-8) and could be regarded as more or less co-magmatic,
or at least, derived from similar melting sources. The single sample of ashy siltstone has a similar
ratio, consistent with the interpretation that the subordinate fine grained volcaniclastics are locally
derived. The feldspar porphyritic coherent rhyolites have a slightly greater TilZr range (5-8) and
the single sample of pumiceous sandstone with dacitic lithic clasts, from BBP208 in the south
eastern part of the prospect, is distinctly different at Ti/Zr:=10.3.

The calculated linear regression for all the rhyolitic samples (coherent and volcaniclastic, Groups A
to E) intersects the TiO, ax.is at 0.02% and has a correlation factor r =0.90. The Pumice breccias
(Group D) fit a linear regression which passes exactly through the origin of the plot and has a
correlation ofr =0.97. These highly correlated linear trends, of least altered and altered samples,
are consistent with the rocks being co-magmatic and satisfy the (MacLean and Barrett, 1993) test
that 110, and Zr were essentially immobile during alteration. The broader scatter in the Al,o,-TiO,
plot suggests greater primary variation in Al,o, (possibly due to variable feldspar content) or slight
mobility, even though AI,o, is typically fairly immobile in VHMS footwall alteration systems.

However, on the TiO,-Zr plot, there is a disconcertingly wide spread along the "alteration line" and
a complete overlap of data points for the least altered and altered samples, of coherent and pumice
breccia groups alike. This makes it impossible to determine prospect wide "least altered
precursor" compositions, needed to calculate major mobile component mass changes due to
hydrothermal alteration.

Given the confidence in the precision of these analyses', it must be concluded that either:

a) there were primary differences in TiO, and Zr (but similar TilZr ratios!) between separate
eruptive units - I cannot think of a magmatic process to account for this;

or:

b) there was a phase of non plagioclase destructive (diagenetic??) alteration which involved large
nett mass changes.

Closer consideration of the available TiO,-Zr data (facilitated by the expanded Zr axis in Figure 14)
reveals that there is a compositional dichotomy amongst the pumice breccias: all samples with
>27Oppm Zr are from holes BBP 251 & 254 and all samples with Q40ppm Zr are from BBPs
253,279 & 280; both groups include least altered and altered samples. A comparison between the
mean compositions of all least altered pumice breccias from both high and low Zr groups
(disregarding the altered samples with AI>75) with the~ composition of the least altered
pumice breccias from the high Zr group, indicates it would require a nett mass change of
-18g/100g, mainly from SiO, loss, to achieve such a shift in Zr content (Table 3). Obviously, the
changes could be even greater than that, if the precursor Zr content was (fairly likely) different
from the mean applied.

• Thirty two previous wholerock analyses from SSPs 278. 279 & 280 (reponed by Williams. L985) were deemed to
be nO( usefuJ for this purpose due to suspected inaccuracies in the criuL'Il1 Zr data and because most of them were of
relatively unaltered rocks from outside the quartz·sericite-pyrite alteration zone.

, AnaLysis No. 263234 of (Thalanga) standard rhyolite RH I, within this batch, prooueed resulL. within the range of
five previous AnaJabs assays of this standard, using the same methOlls. TiD, and Zr values for 263234 are very
close 10 the means of previous analyses: TiD,: 0.08 or. mean 0.079. u 0.002 (%); Zr. L40'<:f. mean 137. fJ 2 (ppm).

10



Whatever the cause, the implication for Boco is that estimation of zonal mass changes is severely
impeded by the difficulty of detennining least altered precursor compositions, and it can only be
attempted on a small scale.

233123
Non feldspar destructive alteration involving mass changes of this order would be a fairly
interesting field for investigation -- it could reveal something about the low temperature "recharge"
zones of synvolcanic hydrothennal systems or diagenetic processes -- but the complexity and low
correlatability of the Boca volcanic facies assemblage is not favourable for this type of study,

There seems to be a loose spatial control, insofar as the >270 Zr group are from the northwestern
most parts of the alteration zone.
If the Zr dichotomy is primary, it could indicate that the pumice breccias in BBP279 are from a
different eruptive unitis than those in BBP 251 & 254 (even though they look. quite similar). This
could be accommodated by either the steeply west dipping structural model or, less readily, the
shallow dipping model -- the latter case implying a correlation between the pumice breccia units in
the upper and lower parts of BBP279, possibly offset by the 020° Fault.

Alternatively, it could be speculated that this north western part is a remnant of an early or
peripheral zone of SiO, depletion which was subsequently partly overprinted by feldspar
destructive quartz-sericite-pyrite alteration, of insufficient intensity to replenish the original mass
loss. A possible (but more complex.) analogy for this exists in the Hellyer footwall alteration
system (Gemmell & Large, 1992) where the "chlorite zone", partly enclosing the "siliceous core",
is apparently depleted in SiO, (-13gI100g) although, paradoxically, the outer "sericite" and "stringer
envelope" zones were also enriched in SiO, (-8-13gI100g).

II

The overall change, from least altered to most altered, thus involves a fairly minor nett mass
change of -SgIIOOg. mainly due to loss of CaO and Na,O. A similar pattern of mass changes,
although of smaller magnitude, is apparent in the compositional progression from least altered to
most altered pumice breccias in the lower part of BBP279 and also in weakly altered to strongly
altered samples from BBnSI, (Table 3).
There is notably little change in Fe,o,; it suggests that the hydrothermal system did not introduce
much iron and that pyrite may have been formed hy sulphidation of existing iron. This is unlike
some VHMS systems, such as Hellyer and Thalanga, where there is a strong positive correlation
between sulphur and iron mass gains.

Comparison of pumice breccias, intra BBP2.54, indicates that progressive? alteration from the least
altered sample near the end of the hole (263218) to moderately altered samples (263216 &263217)
involves mass changes of about -9gI100gSiO" -2gI100gCaO, -lglloogNa,O, Ig1100gS and
-lgIIOOgCO, for a nett change of -12gl IOOg (Table 3). More intense alteration, from moderately
altered to strongly altered (263215), involves changes of about 9gI100gSiO" -lgl100gNa,O and
0.3g1100gS for a nett gain of 8g1100g. That is: (if this progression is real) CaO is completely
removed and Na,O partly removed with accompanying silica loss and sulphur gain, in the incipient
stage of alteration and, in the progression to more intense alteration, the remaining Na,O is lost and
the SiO, substantially replenished.

However, on a very local scale and outside the pyritic alteration zone, comparison of adjoining
pink and grey patches in BBP2S3 (263231 & 263232) indicates significant differences in SiO"
AI,o,. Fe,o" Na,O and K,O contents suggesting mass transfers (from pink to grey patches) of
about 25g1100g, -2gI100g, 19l1oog, -SgIIOOg and 4g1100g, respectively, for a nett gain of -23g/100g!
There is negligible sulphur or pyrite in these rocks; there appears to have been a local swap of
Na,O and K,O, major SiO, transfer and worrisome mobility of Al,o..

The only comforts to be drawn from this data subset are:
* The consistent TitZr ratios (6.4 & 6.5; within analytical precision) supporting the notion that

TiO, and Zr were inunobile and that pumice breccias had reasonable primary compositional
homogenei ty.

* The close correspondence of the mean composition of samples 263231 & 263232 and the mean
composition of least altered samples in BBP279 (263203 & 263204) which are comparable
"low Zr" pumice breccias, but not necessarily from the same emplacement unit. This suggests
that the patchy pink and grey alteration in BBP253 pumice breccias (and quite typical elsewhere)
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AtHellyer (Gemme] and Large, 1992) the "sericite zone", peripheral to the "siliceous core",
gained about 13gl100gSiO, and 5gl100geach of Fe,o, and S and lost -5gllOogNa,0 (in andesites);
this indicates a rather higher pyrite content than Boco.

However, the small scale mass changes vastly outweigh those due to feldspar destructive quartz­
sericite-pyrite alteration and cast grave doubt on the validity of interpreting broad scale alteration
zonation from calculated mass changes, at least in pumice breccias, in this environment.

"The samples are lrom diverse locations and drill holes, and Ihe likely intrusive mode 01 emplacement defies their
correlation. However, the very consistent TilZr ratios supponthe possibility that they were co-magmatic. The
Ti/Zr range is 6.8 10 6.9 except lor G.Green's sample 100614 at 6.1. The latler is from a diflerent analytical batch
but was duplicated by 263230 which has very similar Zr but a difference of 0.02% TiO,.

The mass changes associated with the more intense (second?) phase of alteration thus observed in
Boco pumice breccias and aphyric to sparsely feldspar phyric coherent rhyolites, namely gains of
SiO" Fe,o" S and complete loss of Na,O, are similar to those of "medial" zones offootwall
alteration beneath the Hellyer and Thalanga massive sulphide deposits.

238124
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occurred on a local, sub-metre, scale.
A "hypothetical" calculation of mass changes involved, in transforming the mean of 263231 &
263232 (BBP253) to the mean of 263203 & 263204 (BBP279), implies losses of about
5g11 oOgSiO, and Igi \oogNa,O which is consistent with the pattern of changes due to incipient?
alteration already noted, (Table 3).

This general similarity, of the more intense parts of the Boco system with the medial to peripheral
parts of the Hellyer and Thalanga footwall alteration zones, is in accord with G.Green's (pers.
comrn.) interpretation, based on isotopic data, that Boco represents a relatively weak synvoJcanic
hydrothermal system which never attained fluid temperatures high enough to transport significant
amounts of base metals and inorganically reduce sea water sulphate.

The sparsely feldspar phyric coherent rhyolites (Group B) also appear to show a dichotomy of
least altered samples into low Zr and high Zr groups". However, on a local scale in BBP 242,
the compositions of least altered, moderately altered but pyritic, and strongly altered sannples,
shows a similar panern of SiO" CaO and Na,O losses in incipient alteration and substantial
replenishment of the SiO, in the more intense zones of feldspar destruction and pyritisation,
(Table 3).

" II all the sulphur is in pyrite it would require 2.5g/100gFe, equivalent to 3.6gI100gFe,o,. As for the pumice
breccias discussed above, It is consisten\ with nearly all of the pre-existing iron in the precursor being converted to
pynte. and then some added: precursor (263230) Fe,O, = 1.57%; 1.57+2.4 = 4, cf. 3.6gI100gFe,O, in Py.

"Samples lrom SSPs 253 & 278 (southern and nonhernmost holes) are >23OppmZr, all ()thers <22Oppm.

The low concentration of base metals in the Boca alteration zone certainly supports this.

Nevertheless, an examination of analyses of aphyric rhyolites" (Group A, Table 2) suggests a
similar panern of mass changes. A progression from least altered-least pyritic, through weakly
altered but somewhat pyritic, to totally sericitised plagioclase and most pyritic sannples, involves
incipient losses of SiO, and CaO followed by replenishment of SiO, and complete loss of CaO and
Na,O, (Table 3). In this case the outcome is a nen gain of 5g/100g including a gain of
2.4g/100gFe,o, almost matching the 2.9gl\ OOg sulphur gain" .

At Thalanga (Herrmann, 1994), the zone of "moderate" quartz-sericite-chlorite alteration (Group
2) gained about lOgllOOgSiO, and -2g1100g each of Fe,o" S and MgO and lost most of its Na,O
-3g/100g. The Thalanga "moderate" quartz-sericite-chlorite alteration zone encloses restricted,
semi stratiform, proximal zones of more intense silicification associated with pyritic stringer veins,
and extends at least 200m into the footwall for virtually the entire strike length of the deposit,
-2km.
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The extensive EZ Co. analytical data" shows that the zone of strong Na,O depletion typically
carries <20ppmCu, <6OppmPb. <20OppmZn and O.025ppmAu with anomalous values tending to be
sporadic and non systematic.
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Copper

Zinc

Silver

Gold

Background
ppm

5-20

10-{j()

25-200

x-2

x-0.D25

Ma"\lma
ppm

600 & 890

710

4300

11.5

0.08
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Comment

Associated with patch of semi massive pyrite
stringers in BBP251. 825-85.7m. no Pb, Zn
correlation. OlhelWisc rarely over lOOppm.

BBP247, 43-46m, pervasive Q-ser-py alteration
(5%Py) in polymictic breccia, assoc 2350 Zn.
Sporadic values in l00-200ppm range.

BBP247. l24-l27m, Q-ser-py altered mafic dyke
adjacent to fault, within pervasive alterntion zone.
Sporadic values 300-2000ppm fairly frequent; levels
of -600-l6OOppmZn in places associated wi th
chloritic mafic intrusiVes. Ends of BBPs 251 and
254 seem anomalous in range 400-1SOOppm - spatial
association with fringes of alteration zone?

BBP207, 8O-92m, in Q-ser-py altered rhyolitic
breCCIa. 3-5% Py but no Pb. Zn correlation.

BBP"..54, 2955-2985m, a "oncer' in altered pumice
breccia Rnre sporadic values 0.03 to 0.05ppm,
generally not correlated with base metals except for
0.05ppm Au at BBP2SI, 85.2-85.7m which
coincides with peak Cu value and distinctly
anomalous S.6ppmHg. Hg background <0.1 ppm.

The extent of the AKI zone is not known but the style and intensity of alteration is not impressive
and I think it does not warrant further follow up.

" EZ Co. analysed -645 split core samples, mostly in contiguous 3m lengths, from the altered zones in BBPs: 207.
242,246,247,248,250,251 & 254. Analyses, by ANALABS, included Cu, Pb, Zn, Ag, Fe, Mn, Co, Ni, Ba,
Sr, Hg, Nap, SiO" CaO and S. All samples exceptlhose from BBPs 247 & 248 were analysed for Au by fire
assay Method 309. •

The indications from very limited wholerock analyses (Table 1 & 2) from the Animal Creek drill
hole AKI, (Kirsner, 1992; summarised in: Herrmann, 1997) are that the zone of weak, patchy,
semi pervasive quartz-carbonate-pyrite alteration in coherent rhyolite (AK1, -100-16Om) is
associated with modest gains of 6gl100gSiO, and 3g/100gNa,O (Table 3). This apparent
albitisation? is not characteristic ofVHMS footwall alteration zones and contrasts with the Na,O
depletion of the Boco system.

4.2.2
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A cursory a"s and a"o investigation of the Boco alteration zone was undertaken by Geoff Green
in the mid 1980s and briefly reported by Williams, 1985; Green, 1986, and Green & Taheri,
1992.
The five a"s analyses are tabled below and fifteen a"o analyses are listed in Appendix Ill.
Sample locations are shown on 1:1000 scale cross sections (Figures 3-11).

Comparison of compositions of unaltered sparsely feldspar phyric rhyolite from BBP242.
(263228) and the massively silicified, re-brecciated and quartz carbonate veined material in the
adjacent 0200 fault zone, suggests huge mass changes of about 1300gI100gSiO" 70glIOogCaO and
SOg/IOOgCO,. Na,O is the only component which appears to have been depleted. Obviously, nett
mass gains of -1400gi IUUg imply a major volume increase, probably in dilational parts of the fault
zone.

The a"s samples were of pyrite from within the Boco quartz-sericite-pyrite alteration zone.
The wholerock also samples were mostly from qutside the alteration zone, from BBPs 253, 278
and 280, representing the southernmost, northernmost and rougbly central parts of the prospect,
respectively. Accordingly, only two samples, from BBP280 (276.6m & 316.5m), can be
considered to represent the alteration zone. The remaining samples do not show strong feldspar
destructive quartz-sericite-pyrite alteration.

This style of silicification and veining is structurally controlled, with sharp contacts, and contains
negligible sulphide and much carbonate. It starkly contrasts witb the pervasive Boco quartz­
sericite-pyrite style of alteration which it appears to transect. The observations are consistent witb
it being localised along the fault(s?) and unrelated to the synvolcanic hydrothermal system.

The silicified and quartz carbonate veined section in BBP242 (-240-256m) is not anomalous in
Au, Hg or base metals and does not have any obvious potential for Henty type or other style of
structurally controlled gold deposit.
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Boco 0200 Fault associated alteration

Hole No Depth(m) a"'SJ.'iool- -
BBP246 304.5 +0.2
BBP"..A7 140.2 +4.7
BBP"...51 93.5 -1.2

265.2 -0.7
BBP254 300.4 -0.1

Sulphur isotope analyses: (from: Williams, 1985)

4.3 Isotope Geochemistry

4.2.3

The range of a"o values is: 9.7 to 11.8'/00 for least altered samples (mainly comprising samples of
coherent rhyolite, a couple of pumice breccia and one malic intrusive) and 11.5 to 11.7'/00 for the
altered samples (which are both ashy volcaniclastic sandstone-siltstones).

Green and Taheri (1992) noted the lack of a"o contrast between unaltered and altered samples and
tbe lack ofligbter values (down to -6'100) which exist in proximal parts of the Hellyer and Hercules
footwall systems, and the notably light a"s values wbich are similar to those of "some other
apparently barren pyritic deposits in the Mount Read Volcanics such as Basin Lake, Chester and
the Cattley Range prospect.
They concluded that: "The data are compatible with alteration by a fluid of seawater origin but at
lower temperatures «200"C) tban those required to inorganically reduce seawater sulphate or to
transport sufficient base metals together with H,S to form an orebody. This would account for the
low a"s values in the deposit, in that the sulphur was probably leached from the surrounding
volcanic rocks."
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Although the primary a"o values in unaltered felsic volcanics is likely to be in the range 5-10°/00
(say -7$'100 , cf.: Green et ai, 1983; Large, 1993) and the seawater would be -0°100 , the relatively
high fractionation factors between water and silicate minerals, at low temperatures, can
significantly enrich the "0 levels in altered rocks, even at low water to rock ratios.

The graph in Figure 16 (reproduced from Green, 1993) illustrates the relationships between fmal
a"o~" water/rock (atomic)" ratio and various temperarures calculated for a system where
seawater has initial a"o= 0°/00' felsic volcanics have initial wholerock a"O= 7.5'/00 and the
whole rock fractionation factor approximates to that of alkali feldspar:
S. = (2.91*10' / OK') -2.63

This model was used by Green (1990) to illustrate the Rosebery-Hercules alteration systems; the
volcanic facies, rock composition and isotopic parameters are quite appropriate for Boco; none of
the rocks contain significant primary phenocrysts of quartz and the known resistance of quartz to
"0 re-equilibration can be ignored.

It shows that Boco type a"O, values of -10 to 12°/00 could be produced by:

A: reaction with quite small volumes of seawater (water/rock ratios of -0.2 to 0.8) at low
temperatures -25-100"C,

or:

B: reaction with quite large volumes of seawater (waterlrock ratios of -10 to >1(0) at moderate
temperatures -180-200°C. Temperatures higher than -220°C would result in final al'o, values
of <9°/00' whatever the water/rock ratio.

Either possibility (or some condition between those extremes) is in accord with the conclusion of
Green and Taheri (1992).

However, the lack of a'"0 contrast in unaltered and altered Boco rocks, suggests that both
possibilities were operative - it seems unlikely that unifonn temperatures and water/rock ratios
across the prospect would produce the distinct zone of Na,O depletion and sulphur enrichment.
System A is likely for the cooler peripheral parts of the Boco area, especially where the dominance
of coherent rocks (eg: BBP278) would impede hydrothermal flow and keep water/rock ratios low.
System B is more applicable for the zones of strong quartz-sericite-pyrite alteration where total
plagioclase destruction and moderate SiO" CaO and Na,G mass transfers imply larger volumes of
warmer, more re;lctive, fluids".

It is unfortunate then, that we do not have a more comprehensive set of a"o data for the altered
zone. The existing a"o data does not sufficiently represent the alteration zone and is not directly
comparable from a"s data from different locations. The Green & Taheri (op. cit.) interpretation of
the available data is probably correct but may be telling only the peripheral part of the alteration
storyI' .

(fthere were steep temperature and fluid/rock ratio gradients in and around the relatively focussed
Boco alteration system, it may be possible to map high flow-high temperature zones (of higher
prospectivity) by a"o, levels. This could be wishful thinking, given the lack of a recognised
discrete pyritic stringer zone, and oflimited exploration significance in the likelihood that the Boco
system has been unroofed by erosion. Nevertheless, if Boco is to be characterised as a barren
system, it would be useful to have al'o data from the central parts of the system to compare with

14 For Boeo rhyolites, the atomiC water/rock ratio is about 1.8 times thal of the mass water/rock ratio.

" GeolT Green (pers. camm., 19'J7) guessed that pervasi ve total plagioclase seric; tisation and Na,O removal would
require water/rock ratios in the order of 10 or greater.

"Geoff Oreen (pers. camm., 19'J7) considered me light <1'"'3 values of Boca, Chester etc. to be the most comoelling
evidence lhal they were low tempernture systems "that never really got going well enaug!> to transpon base metals".
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"If the Boco sequence <lips steeply NW then the known alteration system surfaces about 450m stratigraphically
below the eVC-Dundas Group contacL '

A hydrothermal model which could account for the apparent loss of SiO, in zones of "moderate"
feldspar destructive alteration at Boco, and the apparent SiO, gain (or neutralisation) in zones of
most intense alteration and pyritisation is proposed as follows:

" "0 isotope analyses arc obtainable at Dept. of Earth Sciences. Univc",ily of Queensland. for $250 per sample.
Contact person is Dr. Sue Golding (Tel: (J7 33651159). They are running sulphurs at present. then hydrogens. and
will be switching 10 oxygens in late September; analyses of a small batch of samples could be expected by early
October, 1997.
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The Boco quartz-sericite-pyrite alteration zone has a roughly cylindrical, subvertical form,-5OOm
in diameter (prior to deformation), which appears to cut through the volcanic facies sequence and
to have been fairly tightly focussed, although fracture or volcanic facies permeability controls are
not obvious. Assuming a shallow NW dipping structural model, the alteration zone surfaces about
150m stratigraphically below the evC-Dundas Group contact". It has a known subvertical
("'Stratigraphic?) extent of about 400m and would likely have persisted up sequence to the possible
favourable horizon.

In other words, the CVC-Dundas Group contact near Boco could be volcano-stratigraphically
equivalent to the Rosebery-Hercules favourable horizon. This is not a new concept; it was
proposed by Randell (1991) and an unsuccessful attempt to drill it was made by Pasminco, further
north in AKI, (Kirsner, 1992).

No regionally accepted VHMS favourable horizon has been recognised in the Boco drill core.
However, the CVC-Dundas Group contact, a few hundred metres NW of Boco, can be tentatively
correlated with the North Pinnacles area, Work by Pasminco Exploration (Poltock, 1994)
indicated equivalents of the White Spur Formation, possibly including the distinctive quartz phyric
Rosebery-Hercules Hangingwall Sequence as the basal unit, overlies massive coherent rhyolites
on either side of the Bums Peak-Pinnacles ridge.

al80 data from peripheral areas and limited a"o and a"'s data from within the alteration zone are
consistent with reaction of felsic volcanics and quite small volumes of seawater at low
temperatures; that is: in conditions approximating diagenetic alteration of sub-marine volcanics.
However, the near total removal of Na,O and CaO, addition of upto 2gl100g of sulphur and
probable significant mobility ofSiO" suggests water/rock ratios approaching 10, or greater, for
the quartz-sericite-pyrite alteration zone. This could still accommodate the al80 and a"'s data at
temperatures below about 2OOOC.

Silica solubility in hydrothermal fluids below about3000C is mainly proportional to temperature,
(Fournier, 1985). In a subaqueous volcanic setting in which hydrothermal fluid is dominantly of
seawater origin: cold seawater encountering hot rock would become under saturated and leach SiO,
from the rock; conversely a hot fluid which has equilibrated with hot rocks and then passed inlo a
cooler zone would become over satnrated and precipitate silica.

A likely, but not unequivocal, interpretation forthe Boco geological setting is that it represents part
of a subaqueous, rhyolitic caldera? with massive units of proximal resedimented rhyolitic pumice
breccia intruded by, and possibly interlayered with, voluminous sills, domes and flows of
sparsely feldspar phyric coherent rhyolite. It appears to be upright and dipping at <200 to west­
northwest. The composition and facies association is not particularly distinctive and it could
probably be comfortably placed anywhere in the Central Volcanic Complex (Corbett, 1992; Allen
1994).

5 DISCUSSION and EXPLORATION POTENTIAL
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An initial plume of ascending wann evolved seawater hydrothennal fluid induced or entrained
circulation of cold seawater in the subsurface which leached 5iO, from the peripheral parts of
the system. As the system increased in intensity and scale, the high temperature zone
expanded laterally into the previously 5iO, depleted periphery, continuing the process of
feldspar destruction and depositing SiO, and S. This could be have been partly self propagated
by silica sealing of penneabiJity in the central zone. 5iO, depletion of the peripheral zone could
also have occured during the waning stage, or "thennal collapse" of the system as shallow
circulating cold water invaded incipiently altered fringes.

Apart from Na,O and CaO depletion, the other major component mass changes in the most
intensely altered Boco rocks: gains of SiO" Fe,o, and S, are relatively modest in comparison with
the proximal parts of other VHMS footwall zones and are more comparable to medial to peripheral
zones. The broad and overlapping ranges of TiO, and Zr concentrations in both least altered and
strongly altered rocks, implying major mass changes during non feldspar destructive diagenetic?
alteration, has obscured the major component mass change pattern and I have not been able to infer
any prospect scale alteration vectors by this means.

However, what can be interpreted from local alteration mass changes, is consistent with the
isotopic interpretation, the lack of well defined pyritic stringer zonels and the apparent absence of
base metals: that the Boco hydrothermal system did not evolve to temperatures high enough to
produce an orebody.

It resembles a weak VHMS type footwall alteration system.
Although the drilling to date has been on widely spaced sections (ISO-300m) the indications do not
encourage closer spaced or deeper drilling. The uncertain structural and volcanic facies
interpretation is that the system has been unroofed by the present erosion surface and there is no
potential for following the system "downstream" (up sequence) to a potential palaeo sea floor
horizon. Even though it appears to be a barren system, it would certainly have been of interest to
examine the site of exhalation, if any, at the intersection of the alteration pipe and the palaeo sea
floor

Perhaps the most positive exploration implication that can be drawn from Boco is that it affirms
that synvolcanic hydrothermal systemls were active in the stratigraphic footwall sequence below a
possi ble correlate of the Rosebery-Hercules favourable horizon. There could have been other
systems of greater intensity.

The lack of distinction in the Boco facies assemblage and no apparent synvolcanic controls on its
location do not help to predict favourable sites for other systems. Most of the eastern part of EL
47/96 is overlain by by thick fluvio-glacial deposits and the bedrock geology is not well known.
The greater part of the favourable contact, within EL 47/96, has been covered by Pancontinental's
UTEM survey which did not detect significant conductors (Herrmann, 1997) and there are no
obvious, untested low magnetic anomalies to indicate additional alteration zones.

Further exploration of this potentially favourable contact would probably come down to regularly
spaced stratigraphic drilling and downhole EM, in the hope of recognising footwall alteration
zones or geochemical indicators near the favourable horizon. Regional a"0, patterns might
provide broad vectors and would be useful to discriminate low temperature alteration zones if any
tum up. Given the prominence of massive coherent rhyolites in the Boco-Bulgobac Hill area, the
potential for identifying favourable structural settings (eg: growth faults) by stratigraphic thickness
variations is remote. This might be more applicable in the layered volcano-sedimentary Dundas
Group but, again, would be seriously limited by the lack of exposure.

On the strength of the limited insights gained by the present detailed re-examination of the Boco
prospect, I am inclined to downgrade the VHMS prospectivity rating, of the Boco-Bulgobac Hill
area in EL47/96, to moderate to low, with a low findability factor.

The northeast strike extension of the CVC-Dundas Group contact, along the Murchison Highway
north of Animal Creek, is currently straddled by Pasminco's EL 37/W and "open ground" to the
south, but has been previously covered by BHP-Comstaffs 1987 UTEM survey.
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This survey identified a couple of small zones of deep responses with low conductance (a,?ong
numerous others) which remain untested, near Animal Creek about I km east of AKI. ThIs area,
being free of glacial cover, is more amenable to surface mapping and use of IP to detect shallow
pyritic alteration zones and would,l estimate, have moderate to low prospectivity similar to the
Boco area.

The prospectivity rating would be enhanced if it could be definitely established, by surface
mapping or shallow stratigraphic drilling, that the CVC-Dundas Group contact is stratigraphically
equivalent to the Rosebery-Hercules horizon.
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TABLE 1 Boco Wholerock Geochemical Data. Page 1
RGC sampIes263201-263234: ANALABS Report No:00009915. Analyses 100602·1 00614courtesyof G.Graen;wr1tten comm., June 1997.

SAMPLE Hole· From To Deecr1p1lon Gp 5102 1102 AI203 Fe203 MnO MgO caO Na20 K20 P205 S CO2 LOI Tolal Ba Zr pm TIIZr AI
UnIs .. .. .. .. " " .. •• " .. " % % % .,." .,." Cat Cat Cat

AI = l00(MgO..K20)+(MQO+CaO+Na20+K20) Meltlo::1 OX'"'" 0_ ox,"", OX,"", 0_ ox,"", OX40' OX408 OX408 OX408 """''' """" 0_ OX408 GX401 GX401
'Hole preltl:: BBP. urUa c:therwlse Indlcaled D8IectletllJm/l 0.05 ODI 005 OD' 0.01 aD' 0.01 005 0.01 0.005 000 002 0.01 10 ,

26J201 279 001.0 610.0 aSPyailPumBx 0 76.00 025 11.90 2.42 0.02 0.53 1.01 0.02 3.85 0.D15 1.55 0.70 2.90 99.0 1443 ID4 0.06 7.3 81
263al2 m 622.0 623.0 Pyl wk alt pumax a 75.50 024 12.40 2.61 . 0.03 0.56 0.75 1.97 3.11 0.023 1.60 0.48 2fJ7 100.1 BOT 214 0.10 6.7 57
26J203 m 6520 852.5 wk all PumBx a 75.40 024 12.60 2J() 0.04 0.50 0.84 2.51 3.20 0.D15 0.31 0.51 1.81 99.5 863 210 0.06 6.9 52
26J204 279 003.B 694.0 wk all PumBx 0 75.40 022 12.60 2.54 . 000 0.58 0.64 1.40 4.72 0.016 OOS 2.49 1.92 100.0 1009 201 0.07 6.6 n
26J205 AKI 186.9 187.1 ftbd spFsp Rhy B 74.30 023 11.l10 2.12 0.07 OfJ7 1.55 2.15 2.73 0.025 020 1.93 3.60 99.5 589 193 0.11 7.1 4lJ

263aJ6 AKI 1312 132.0 wk aPy all Rhy B 73.50 020 12.40 224 0.09 0.53 121 5.00 1.92 0.021 OfJO 1.50 2.33 99.5 431 175 0.10 6.9 26
26J207 AKI 100.3 100.5 wk aPy all Rhl B 75.10 024 12.00 HiS· 0.03 0.16 0.81 2.95 5.19 0.024 '0.93 0.73 1.73 100.0 1591 194 0.10 7.4 59

26J208 242 356.0 356.3 ser-ct1I all Fsp Rhl B 72.40 029 14.00 2.62 0.04 1.14 0.97 0.17 4.45 0.051 0.06 0.73 3.56 100.3 341 243 O.lB 72 B3
26J209 242 390.7 391.0 asPy all Rhy B 75.00 023 11.60 4.11 . 0.00 0.44 0.38 0.02 3.7B 0.035 2.69 027 3.92 99.5 369 189 0.15 7.3 91
263210 242 403.7 404.0 ~nk Py 0111 Rhy B 76.40 025 13.00 2.36 0.00 0.60 0.10 0.63 3.99 0.025 0fJ6 0.07 2fJO 100.4 469 214 0.10 7.0 B3
263211 242 407.4 407.7 asPy all Rhy B 76.40 024 12.60 3.05 0.00 0.49 0.21 0.07 4.02 O.D1B 1fJl 0.13 3.50 100.6 405 199 0.08 72 94
263212 242 453.0 453.4 asPy all Rhy B n.70 0.2ll 13.00 2.23 0.00 0.31 0.12 0.11 3.87 0.D13 1.30 0.07 2.98 100.6 374 216 0.05 72 95
263213 207 103.5 104.1 QSPy all per911c op Rhl A 76.00 021 10.90 3.83 0.00 020 0.04 0.07 325 0.035 2.n 0.03 3.51 100.1 473 184 0.17 6.B 97
263214 207 120.0 120.7 FspRhy paldll asPy &Yno C 69.00 0.34 14.30 4.94 0.02 0.69 0.42 0.99 4.36 0.047 2.99 0.37 4.52 100.4 524 255 0.14 6.0 79
263215 254 226.5 227.5 asPy all fine Pumax a 75.00 0.33 13.00 2.86 0.00 0.58 0.14 0.09 3.98 0.028 1.96 0.09 3.49 100.4 003 291 0.08 6.8 95
263216 254 299.5 290.5 (asPy all) PumBx? relic! Fo a 70.&! 0.35 15.40 3.1B 0.02 0.70 0.29 1fJ2 3.98 0.032 2.10 020 3.70 100.0 110S 322 0.09 6.5 69
263217 254 318.5 319.5 (asPy a1Q PumBx? r~1cI Fs a 75.10 0.34 13.70 2.38 . 0.02 0.56 0.17 0.53 4.04 0.035 1.58 0.13 3.13 100.0 869 306 0.10 6.7 B7
263218 254 409.5 410.5 wk all PumBx 0 72.50 029 12.50 2.50 0.07 0.71 2.22 1.89 3.61 0.029 0.57 1.61 3.09 99.4 850 274 0.10 6.3 51
263219 279 182.0 182.3 wk all PumBx 0 73.30 021 12..50 1.94 0.04 0.52 2.54 0.87 3fJO 0.013 0.02 1.83 3.52 99.2 675 192 0.06 6.6 56

263220 250 286.0 287.3 asPy all spFop Rhy B n.50 024 12.50 2.04 0.00 0.51 0.07 0.02 3.59 0.D18 1.14 0.06 326 99.8 594 201 0.08 72 00
263221 250 341.6 342.0 ~nk wk all spFop Rhy B 73.40 025 11.&! 2.04 0.06 0.42 2.89 0.67 3.33 0.030 0.84 2.13 4.40 99.1 299 196 0.12 7.6 51
263222 251 1952 195.9 asPy ,It perllUC ap Rhy A 76.00 024 12.50 2.37 0.03 0.43 0.08 1.86 3.38 0.023 1.40 0.04 2.63 100.1 1196 209 0.10 6.9 66
263223 251 198.0 196.5 asPy all perlllc ap Rhy A 75.40 023 12.30 2.15 0.02 0.41 0.43 3.09 2.76 0.013 150 022 2.53 99.3 1823 202 0.06 6.8 47

263224 251 2932 293.9 asPy all pumBx a 72.40 0.33 14.70 2.95 0.06 0.69 0.15 0.02 4.76 0.039 1.99 0.36 3.92 100.1 856 2Ill 0.12 7.1 97
26322S 251 331.5 332.2 wk all PumBx a 71.30 0.32 13.30 2.09 0.34 0.71 1.87 0.74 526 0.032 0.84 1.39 3.65 99.5 960 264 0.10 6.8 71
263226 Zll 125.5 125.8 PumSslwllhdacillcilhlcs F 71.40 0.35 14.20 3.18 0.05 1.02 2.66 2.23 3.34 0.067 0.08 0.36 2.03 100.5 814 ID4 0.19 10.3 47

263227 242 179.5 100.0 ~nk Fo"",phyrlllc Ahy C 74.40 0.18 13.10 1.50 0.04 0.32 1.58 5.28 1.36 0.034 0.11 1.06 1.93 99.7 276 215 0.19 5.0 20
26322B 242 223.4 223.9 plnk opFsphyrlc Rhy B 75.70 022 11.30 1041 . 0.05 0.38 2.17 4.35 1.38 0.020 0.07 1.54 2.34 99.3 196 185 0.09 7.1 21,
263229 242 253.5 254.0 sllicld &Qvr<j Faull Bx G 89.10 0.00 0.72 0.85 0.08 0.16 4.89 0.02 0.13 0.003 0.02 3.59 3.79 99.7 aJ 12 0.60 2.5 6
263239 253 326.5 329.0 ,phyr~ (perIlUc) Rhyolils A 74.20 022 12.20 1.57 . O.OS 026 1.79 2.72 4.53 0.D16 om 1.32 2.06 99.6 946 193 0.07 6.8 52
263231 253 421.5 421.8 pink al~lIc? PumBx a 72.70 023 14.30 1.04 0.03 0.20 1.21 5.44 2.51 0.017 0.02 0.84 1.69 99.4 765 214 0.07 6.4 29

263232 253 421.8 422.2 grey oilldld pumBx 0 79.00 0.19 10.00 1.76 0.03 0.35 OfJ6 0.38 523 0.012 0.03 0.62 1.73 99.6 1531 174 0.06 6.5 82

263233 253 4&>.6 461.0 n.bdd spFop Ahyolilo B 7420 025 13.90 2.22 0.03 0.57 0.80 3.32 3.07 0.020 0.04 0.51 2.17 100.5 562 231 0.08 6.5 47 N
283234 RHI Slandald S 75.70 0.08 11.50 1.91 0.03 0.98 0.79 0.81 5.86 0.003 0.04 0.30 1.39 99.2 1239 140 0.04 3.4 81 W
10Dr02 2?8 173.9 plgry spFsp Rhy B 72.32 026 12.74 2.59 OOS 0.1\ 0.95 2.42 5.85 0.05 2.58 99.92 1250 2Ill 0.19 6.0 64 00
100605 2?8 264.5 monomlcl Rhy Bx B 72.69 026 12.14 2.36 0.07 0.19 1.82 2.07 5.74 0.04 2.74 100.12 965 240 0.15 6.5 Ell ~

100605 2?8 469.5 rod spFsp Rhy B 74.01 026 12.63 . 2.86 0.04 0.17 0.98 3.03 5.12 0.04 1.54 100.50 950 2Ill 0.15 6.0 57 W
100610 2Ill 276.6 asPy all sshy SLST E n.57 020 13.17 1.63 . 0.01 0.56 0.05 0.10 4.13 0.02 2.68 100.12 840 100 0.10 6.7 97 W
100612 2Ill 395.0 wkall PumBx 0 73.26 024 13.98 220 0.03 0.42 0.43 3.06 3.55 0.03 2.6 99.83 740 240 0.12 6.0 53
100614 253 329.5 op Rhl P63230J A 74.49 020 13.03 1.68 0.04 023 0.70 2.31 4.40 0.02 1.73 96.83 960 195 0.10 6.1 61
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TABLE 2 Boco Wholerock Geochemical Data: Sorted according to lithofacies group and Hole No. Page 1
RGC samples 263201-263234: ANAL.A8S Report No:0000ll915. Analyses 100602·1 00614 coultesy of G.Green; wrlnencomm., June 1997.

SAMPLE Hole- From To Description Gp SI02 1102 AI203 Fe203 MnO MgO CaD Na20 K20 P206 S CO2 LOI Total Ba Zr pm TilZr AI
UnIa " " " " " " % " '" " " " " " "'" "'" Co< Cat Co<

AI::: l00lMgO+K20",(UgO.CaO+Na20~K20) MotIIO<l ox... OX408 OX408 OX408 OX408 OX408 OX408 OX408 OX408 OX408 0M<I13 0M012 OX408 OX408 GX401 GX4Ql
"Hole ~11x: BBP. unless OIherwlse Il"I:IlcaIed Deleclloo UrnII 0.05 oat 005 DO' 0.0\ O.Ol 001 0.05 DO' 0.005 0.00 0.02 om 10 s

2fll213 2fJl 103.5 104. t asPy all perUIic op Ally A 78.00 021 10.00 3.63 0.00 0.20 0.04 0.07 325 0.035 2.77 0.03 3.51 103.1 473 184 0.17 6.8 97
263223 251 198.0 196.5 asPy all perllie ap Rh1 A 75.40 023 12.30 2.15 0.02 0.41 0.43 3.0Il 2.76 0.013 1.50 0.22 2.53 99.3 1823 2()2 M6 6-8 47
263222 251 196.2 196.9 asPy aI\ perIt1ie ap Rhy A 76-60 0.24 12.50 2:37 0.03 0.43 0.08 1.86 3:38 0.023 1.40 0.Q4 2.63 100.1 1198 209 0.10 6.9 66-

263230 253 328.5 329.0 ophy,le (perlille) Rh10llte A 74.20 022 12.20 1.57 . 0.05 026- 1.79 2.72 4.53 0.016- 0.01 1.32- 2.06 99.5 946 193 0.07 6.8 52
100614 253 329.5 op Rhy (=263230) A 74.49 020 13.03 1.66 0.04 023 0.70 2:31 4.40 0.02 1.73 98.63 OOJ 195 0.10 6.1 51
263al6 AKI 131.2 1320 wk af'1 all Rh1 B 73.50 020 12.40 2.24 0.09 0.53 1.21 5.00 1.92 0.021 0.60 1.50 2.33 99.5 431 175 0.10 5.9 2lJ

263aJ5 AKI 1116.9 187.1 nbd spFsp Rhy B 74.30 023 11.60 2.12 0.07 0.87 1.55 2.15 2.73 0.025 020 1.83 3.60 99.5 589 193 0.11 7.1 <0

263aJ7 AKI 100.3 100.5 wk af'1 all M1 B 75.10 024 12.00 1.66 . 0.03 0.15 0.81 2.95 5.19 0.024 0.93 0.73 1.73 100.0 1591 194 0.10 7.4 :>l
263228 242 223.4 223.9 piclk spFsph11ie Rhy B 75.70 022 11.30 1.41 . 0.05 0.35 2,17 4:35 1.35 0.020 OD7 1.54 2,34 99,3 198 185 0,09 7.1 21
263al6 242 356.0 366,3 s..-chl all Fsp Rh» B 72.40 029 14,60 2.62 0,04 1.14 0,97 0,17 4,45 0,051 0,06 0.73 3,58 100.3 341 243 0,18 72 53

263210 242 403.7 404,0 pink f'1on1 Rh» B 76.40 025 1300 2.36 0.00 0.60 0.10 0.83 3,99 0.025 0.88 0,07 2.60 100,4 4W 214 0,10 7,0 53

263209 242 300,7 39t ,0 asPy all Rh1 B 75,00 023 11.60 4,11 . 0,00 0,44 0,36 0,02 3.78 0,035 2,69 027 3,92 99,5 369 169 0,15 7.3 91
2fll211 242 407,4 407,7 asPy all Rh1 B 76.40 024 12.60 3,05 0,00 0.49 021 0,07 4,02 0,018 1.81 0.13 3.50 100.6 405 199 0,08 72 94
2fll212 242 463,0 463,4 aSf'1 all Rh1 B 77.70 0.28 1300 223 0.00 0,31 0,12 0,11 3.87 0,013 1.30 0,07 2,98 100.5 374 216 0,05 72 II'>
263221 250 341.5 342.0 pink wk all spFsp Rhj B 73.40 025 11.80 2.04 0.06 0.42 2.89 0,67 3,33 0,030 0,84 2,13 4,40 99,1 299 198 0,12 7.6 51
263220 250 _0 287,3 asPy aI\ spFsp Rh1 B 77..50 024 12.50 2,04 0,00 0,51 0,07 0,02 3,59 0.D18 1,14 0,06 3.28 99.8 594 201 0.08 72 00
263233 253 46),6 461.0 fl.bdcl spFsp Rhyolite B 74.20 025 13.00 222 0,03 0,57 0.80 3,32 3.07 0,020 0,04 0.51 2.17 100,5 562 231 0,08 6.5 47
100608 278 489,5 reel opFsp Rh1 B 74,01 0.26 12.63 2.66 0,04 0,17 0.98 3.03 5.12 0.04 1.54 100,50 950 260 0,15 5,0 S1

100605 278 264,5 monomlct Rh» Bx B 72.69 0.28 12.14 2.38 0,07 0,19 1.82 2.07 5,74 0,04 2,74 100,12 966 240 0,15 5.5 (l)

100602 278 1739 plgry spfap Rh» B 72.32 026 12.74 2,59 0,05 0,11 0.95 2.42 5.85 0.05 2.58 99,92 1250 260 0,19 6,0 &I
263214 2fJl 120,0 120.7 FspRhy pald11 asPy &vns C 69,90 0.34 14.30 4,94 0,02 0.69 0.42 0.89 4,38 0,047 2,99 0.37 4,52 100.4 524 255 0,14 8.0 79
263227 242 179.5 100.0 pink Fspotph1r1lic Rhj C 74,40 0,18 13,10 1.50 0,04 0,32 1,58 5.28 1,36 0,034 0,11 1.06 1.93 99.7 275 215 0,19 5,0 20
263225 251 331.5 332.2 wkanpumBx D 71.30 0,32- 13.30 2,09 0,34 0,71 1.67 0.74 5.26 0.032 0,84 1,39 3.85 99.5 960 264 0.10 5,8 7t
263224 251 293.2 293,9 aSf'1 all pumBx D 72.40 0.33 14.70 2,95 0,06 0.69 0,15 0,02 4.78 0,039 1,99 0.36 3,92 100,1 656 200 0,12 7.1 97
263231 253 421,5 421,8 pink el~lic1 Pumax D 72.70 023 14,30 1.04 oro 0,20 121 5.44 2,51 0,017 0.02 0,84 1,69 99.4 785 214 0,07 6.4 29
263232 253 421.8 422.2 gr", slilalcl pumBx D 79,00 0.19 10.00 1.78 0,03 0,35 0.86 0,36 523 0,012 0,03 0,62 1.73 99.8 1531 174 0.06 5.5 82
263218 254 409,5 410,5 wk all Pumax 0 72.50 029 12.50 2.50 0,07 0.71 2.22 1.89 3.61 0,029 0,57 1.51 3,09 99,4 850 274 0,10 5:3 51
263216 '254 289,5 290,5 (aSf'1 ~I) P","8X7 relict Fs D 70,60 0:35 15.40 3,18 0,02 0.70 0,29 1.82 3,98 0,032 2,10 020 3.70 100.0 1105 322 0,09 65 til
263217 254 318.5 319,5 (asPy a1q PumSl<lIel1ct Fs D 75,10 0,34 13,70 2.36 ' 0,02 0.56 0.17 0,53 4.04 0.035 1.56 0,13 3.13 100.0 869 306 0.10 5.7 ffI
263215 254 226,5 227,5 OSPy alt fine Pumax D 75,60 0.33 13.00 2,66 0.00 0.58 0.14 0.09 3.96 0,028 1.96 0,09 3,49 100,4 693 291 0.08 6.8 95
263203 279 e62.0 862,5 wk aI\ PumBx 0 75,40 024 12.80 2..30 0,04 0..50 0,84 2.51 320 0,015 0,31 0.51 1.81 99.5 lI63 210 0,06 6.9 52 N
263219 279 18:2,0 182,3 wk all PumBx D 73,30 0.21 12.50 1.94 0,04 0.52 2,54 0,87 3.80 0.013 0,02 1,63 3.52 99,2 675 192 0,06 6,6 :0 W
263202 279 622.0 623.0 f'11 wk an PumSx D 75.50 024 12.40 2,61 0,03 0,56 0.75 1,97 3,11 0.023 1,60 0,46- 2,67 100.1 867 214 0,10 67 S1 00
263204 279 693.8 004.0 wk all PumBx D 7540 022 12.00 2,54 ' 0.03 0.58 0,84 1.40 4,72 0,016 0.05 2.49 1.92 100.0 1039 201 0,07 66 72 I-
263201 279 0Clj,0 610.0 OSPy all Pumax 0 76.00 025 11.90 2.42 0,02 0.53 1.01 0,02 3,85 O.D1S 1.55 0.70 2.90 99.0 1443 204 0.06 7,3 81 W
100612 an 395,0 wkallPum8x D 73,28 0.24 13.98 2.20 0,03 0.42' 0,43 3,06 3.55 0,03 2,6 99.63 740 240 0,12 6.0 53 ~

100610 an 276.6 asPy all ashy SLST E 77.57 020 13,17 1.63 . 0,01 0,56 0,05 0.10 4,13 0.02 2.66 100.12 840 180 0.10 6.7 97

263226 200 125,5 125,8 PumSsl wi1hclacllle Ithlcs F 71.40 0:35 1420 3,18 0.05 1,02 2,66 223 3.34 0.067 0.08 0.36 2.03 100,5 814 204 0,19 10.3 47
263229 242 253,5 254,0 slilcfel &Qvnd Fault ax G 89.10 0,00 0.72 0.85 . 0,08 0,16 4.89 0.02 0,13 0,003 0,02 3,59 3.79 99.7 20 12 0,60 2.5 6
263234 RHI StanclaId S 75,70 0.08 11.50 1.91 0,03 0,98 0,79 0.81 5,66 0,003 0,04 0,30 1.39 99,2 1239 140 n04 "

.,
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TABLE 3 Boco: Calculated mass Changes (Based on wholerock geochemical data In Table 1)

Mass Change: C.... = (Zrllr•• C.%) - C.% (where: C is major component, p is precursor sample, a is altered sample)

Precuraor n= A~ered n= SI02 1102 AI203 Fe203 MnO MgO ceO N820 K20 P205 S CO2 LOI Nett

lI'100g g/'OOO 0'100g 0"000 O"OOg lI'1OOO O"OOg gIl(lOg O"(IOg lI'1(1Og O"OOg lI'1(1Og lI'1oo, O'too,

low Zr and high Z! Pumice Breccia.
Mean: leasl altd. Pumice Bx 9 Moan: 1st aUd Pumice Bx >27Oppm Zr 3 -15.1 0.0 -2.' -<1.2 0.0 0.0 -<1.0 -1.0 -<1.3 0.0 03 -<1.3 0.' -'8.5

Pumice B!!!ccl.. ln BBP254
lstalld PumBx263218 (BBP254) 1 Moan: wklyaltd PumBx 2832' 6,217 2 -e.9 0.0 02 -0.1 -<1.1 -<1.2 -2.0 -<1.9 -<1.1 0.0 1.0 -1.5 -<1.1 -12.4
Moan: wldy a~d PumB. 283216,217 2 aSpy a1td PumBx 283215 (BBP254) 1 8.9 0.0 -<1.5 0.3 -0.0 -<1.0 -<1.1 -1.1 0.3 -<1.0 0.3 -<1.1 0.4 8.1
lBIa1ldPumBx283218 (BBP254) 1 aspy aIldPumB. 283215 (BBP254) 1 -1.1 0.0 -0.3 0.2 -0. , -<1.2 -2.1 -1.8 0.1 -<1.0 '3 ".5 02 -5.4

Pumice Breccias In BBP?79
leastaltd, Moan: 283203 &204 2 Wi<ly altd: 263202 -2.9 0.0 -<1.7 0.1 -<1.0 0.0 -<1.0 -<1,1 -1,0 0.0 1.4 . -La 0,9 -4.2
Wkly aJld: 283202 1 aSPyaltd 283201 42 0.0 0,1 -<1,1 -0.0 -<1,0 0,3 ·1.9 0,9 -<1,0 0.0 0.3 02 3.8
La..taftd, Mean: 283203 &204 2 aSPya~d263201 1,2 0.0 -0.6 0.0 -0.0 0.0 0.3 -1.9 -<1,1 -<1.0 1.4 -<1.8 , .1 -<1.6

Pymlce Breccia. In BBP251
Weakly altered: 263225 aSpy altered 283224 2.1 0,0 1,6 0,9 -<1.3 -<1.0 -'.5 -<1.7 -<1.5 0.0 12 -La 0,3 ',8

Pumice Brecx:las In BBP253
PlnkpalCl1:263231 Grayparon:263232 24,5 0.0 -2.0 1.1 0,0 0.2 -<1,2 -5.0 3.9 -<1,0 0.0 -<1.1 0.4 22,6

ComDartson of mean comoosnlons or weakly altered pymlce breccias from BBP253 & 279
Moanot283231 &263232 pink &grey 2 Mean of263203 &283204 2 -4,7 0.0 -0,3 O,g 0.0 0,2 -<1,3 -1.1 -<1.1 0,0 0.1 0.7 0,1 -4,5

6Dh\i!1c Rbyoilles IGroup Al
Leastaltered 263230 1 Wi<ly all, PYllllo; Moan 283222 & 223 2 -2.8 0.0 -<1.6 0.6 -<1.0 0.1 ·1.8 -<1,4 -1.8 0,0 13 -1.2 0,4 -8.2
WldyaJl, pyritic; Mean 283222 & 223 2 Q-Ser-Pyaltered: 283213 1 11., -<1.0 -0.2 2,0 -0,0 -<1.2 -0,2 -2.4 0.8 0,0 1.8 -<1.1 1,3 12.2
Leastaltenld263230 1 Q-Se,-Py altered: 283213 1 7.6 0,0 -0,8 2.4 -0,0 -<I. , -1.7 -2.6 ·1.1 0,0 2,9 -1.3 1,6 5,3

Sparsely Fs phYOO rhwlltes <Group B1
Laast aJld. 283228 (W 01 Fau~) 1 Moderate aJld. (Moan: 263208,283210) 2 ·15.5 -<1.0 -<I.t 0.6 -0.0 0.3 -1.7 -3.9 2.1 0,0 0.3 -1.2 02 -19.2
Moderate aUd. (Moan: 263208,263210) 2 Q-Ser·Pyalld: (Mean:263209,21 1.212) 3 12.3 0,0 0.3 1.1 -<1,0 -<1.4 -<1,3 -0.4 02 -<1.0 1.7 -<1,2 0,7 14.2
Least altd, 26322B (Wot Fau~) 1 Q-Ser-Pya1td: (Moan: 283209,211,212) 3 -5.5 0,0 0.1 1.5 -<1,0 0,0 -2.0 -4.3 22 0,0 1.7 -, ,4 0.8 -7.7

Modarale ailered:283221, BBP250 Q-Ser-Py a1td: 283220, BBP250 2.9 -<1.0 0,7 -<1,0 -<1,1 0,1 -2.8 -0,7 02 -<1.0 03 -2,1 -, ,2 ·1.4
N

Rhvolttes In AKI (Animal Creek) Co.;)

"Unalld" Rhyolite, Moan: 283205, 207 2 Pyritic alld Rhyol~a: 283206 6,6 -<1.0 1,8 0.6 0,0 0,1 02 3.0 ·1.8 -<1.0 0,3 0.4 -<1.1 11.1 00
I-

Slllcjlled Fault Breccia W
leasta~ Rhy. adjacent fault: 263228 Sltlcjlled breccia In FauUzone: 263229 1298 -0 -0 '2 2 73 -4 a a 54 56 1437 ~"l
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Figure 11 Ti/Zr and P2OsrriOz vs SiOz plots for Boca mafic intrusives

Wholerock analyses from Williams, 1985; recalculated volatile free.
Fields for MRV Suites I to V from Crawford et al., 1992.
Williams (op cil) recognised some analytical inaccuracies in these data on the basis of poor correspondence
with CSR standard samples. In particular, Zr was reported at -15% higher than the expected standard value.
The TilZr plot above has been constructed with Zr values adjusted (down) to compensate for the apparent
systematic analytical error. This has produced slightly higher Tirzr ratios than the row data. The treatment•may not be valid since the CSR analytical standard was a rhyolite with Si02 -73% and Zr -255ppm: not
strictly comparable to basalts and andesites.
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Figure 13 A1203-Ti02 scatterplot of Boco samples (listed in Table 1)
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APPENDIX II Boco whole rock Oxygen Isotope Data (G.Green)

Boco oxygen isotopes

Sronple# Hole/m 8180 Sample description
(%.)

BPP278
100601 151 10.4 pink [sophy lv, minor q-chl vnlts.
100602 173.9 10.5 pink lv, white fss, min ser in frac
100603 183.9 10.1 pnk-grn lv, pnk iss, q volts
100604 228.2 ILl lv, patchy chI, few 1mm q vns
100605 264.5 11.8 pnk-grn lv, white fs, few q vns
100606 441.5 11.2 vescicular mafic dyke
100607 452 11.1 pnk-grn aphyric, flow bdd Iv
100608 489.5 10.7 pink ms Iv. fs alt. s,eb; fro alt. ehI

BPP280
100609 245.7 9.7 grey-grn lv, pink fs, -2% vfg py
100610 276.6 11.7 grey-grn sericitised aphy lv, 3mm

qvnw. py
100611 316.5 11.5 erm-grey serd. fbdd lv, q-py vns
100612 395 11.7 ms pink [sophy lv, grn ser mesh

aIm., 1mm q vnlets

BPP253
100613 204.5 11.7 fbdd lv, minor fs alt. eb, tr q vults
100614 329.5 11.6 ms pnk lv, serd. zones, minor q-

pyvnlts. -,", -

100615 391 10.2 pnk-grn tuff, fs alt. eb (weak),
serd. g'mass, prec1 ehl-eb vnlts, X

----- cutting q-chl vnlts.

22



•

23

Mass changes for each mobile component (using Zr as the immobile monitor) are calculated as:

Explanation of the use of immobile trace elements in interpretation of altered
roc ks.

Mass Change (glIOOg) == [Zrprecursorl Zrallered x % componentalleredJ - % componentprecursor
(after: MacLean and Barrett, 1993) •

233171

In cases where the pre alteration (precursor) composition of an altered rock can be inferred (from
mapping or the recognition on TiO,-Zr scatterplots of highly correlated linear trends including
samples of altered and least altered rocks) it is possible to estimate the mass changes which
occurred during alteration, for each mobile component, using calculations based on the dilution or
concentration of an immobile component, such as Zr.

In practice, it has been found that TiO,-Zr and p,o,mO,-SiO, scatterplots and the ratios TilZr and
P,O"liO, are most useful for discriminating various volcanic rock units and compositional
groupings.

Scatter plots of immobile incompatible-incompatible element pairs such as Zr-Y and Zr-Nb can be
used to identify rocks of different magmatic fractionation series within a volcanic sample set; they
produce separate linear trends of magmatic enrichment which pass through the origin and are
coincident with their respective alteration lines, (Figure 3, from MacLean and Barrett, 1993).

On the other hand, plots of immobile compatible-incompatible pairs (eg. TiO,-Zr) and compatible­
compatible pairs (eg. AI,o,-TiO,) produce separate alteration lines for each chemically distinct
rock unit and are usefUl for discrimination and correlation of individual homogenous volcanic units
within and through alteration zones (Figure 5, from MacLean and Barrett, 1993).

Studies of altered volcanics at the Thalanga massive sulphide deposit in the Mt Windsor Volcanics,
North Queensland (Herrmann, 1994) and the Mt Read Volcanics, Tasmania (Crawford et aI.,
1992) have shown that Zr, TiO,. P,O, andAl,o, are the most reliably "immobile" components. Nb
and Y have relatively low abundance levels and low primary ranges in typical calcalkaline lavas
and have not proven useful for diagnostic geochemistry.

APPENDIX III

Immobile components have applications in identifying the magmatic affinities of otherwise
unrecognisable altered rocks in which concentrations of mobile components may have been
substantially modified, and in quantitative estimation of such chemical mass changes due to
alteration (eg: MacLean and Kranidiotis, 1987; Barrett et aI., 1993; MacLean and Barrett, 1993).

MacLean and Barrett (1993) recommended that element mobility in a system should be tested
(rather than assumed) on variably altered and fresh samples, preferably from an identifiable
volcanic unit that was traceable through an alteration zone. X-Y scatter plots of analyses of
immobile element pairs, from such "single precursor" systems, should show highly correlated
(r=0.90 to 0.99) linear trends - "alteration lines" - due to mass gains and losses of the mobile
components in the altered zones of the rock unit. Effectively, the immobile components could be
either concentrated by bulk mass loss of mobile components, or diluted by bulk mass gain, during
alteration. Calculated linear regressions of such alteration lines ideally pass through the origin of
the scatterplot (representing infinite mass gain) with positions between the origin and the
(unaltered) precursor composition representing net mass gain and those at values higher than the
precursor composition representing net mass loss (Figure I, from MacLean and Barrett, 1993)..

It has been shown that some components of hydrothermally altered volcanic rocks, notably AI,o"
TiO, and the high field strength elements (HFSE) Zr, Nb & Y, may be chemically immobile during
hydrothermal, metamorphic and weathering alteration processes, (Winchester and Hoyd, 1m,
and Finlow-Bates and Stumpf!, 1981).
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Mass change calculations can be made either for individual precursor & altered sample pairs or by
comparisons of "average" compositions from a set of least altered precursors with "average"
compositions of particular types of altered rocks from the same or magmatically related volcanic
units.

The calculated mass changes are expressed in the unit: g/lOOg (interchangeable with weight% but
not to be confused with the chemical "concentration") for each of the twelve major components of
wholerock analyses (SiO, to P,o, ,S and LOI).

Components which are expected to be immobile (eg: TiO, and Al,o,) should have very low
calculated mass changes. Small AI,o, changes may be due to variations in feldspar phenocryst
abundance (the plagioclase end member compositions albite and anorthite contain -19%Al,O, and
-36%A1,o, respectively) but significant mass changes in AI,o, (say>I%) should trigger
suspicions that the precursor composition is inappropriate.

The sum of individual component mass changes represents the net mass change due to alteration,
Large mass changes have implications for gross volume change (Maclean and Barrett, 1993)
although considerable mass gains can be. accommodated as void flliings in volcaniclastic,
pumiceous or amygdaloidal volcanics.

Calculated mass changes offer a means of discriminating alteration styles and delineating zones of
different intensity of alteration which could provide vectors to ore and set exploration priorities
(Barrett and MacLean, 1994).

The identification of of Na,O depletion in footwall alteration zones is a well known VHMS
exploration technique (eg: Date et aI., 1983; Hashiguchi et aI. 1983). Near total Na,O depletion,
however, tends to exist in rather broad pervasive zones in VHMS footwall alteration systems and
may not provide useful gradients or vectors to centres of hydrothermall1ow and possible
mineralisation. In contrast, studies of the Hellyer and Thalanga alteration systems (Gemmel &
Large, 1992 and Herrmann, 1994) indicate that major progressive mass gains of silica, iron and
sulphur (upto about 30-90g1100g, ZOg/lOOg and 15gl100g respectively) occurred in the proximal
stringer zones beneath massive sulphides.
These silica, iron and sulphur mass gains considerably outweigh the Na,O mass loss (usually
limited to -3-4g1100g in felsic volcanics) and could provide more reliable vectors to Ore on a
prospect scale.
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