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TENEMENT INFORMATION

E.L. 11/84 is located in the lower Weld Valley, South West
Tasmania (Fig. 1, Plan 1). It originally covered 21 km2 but
2.5 km2 were removed in March 1990 when the World Heritage Area
encroached on the south west corner of the E.L. The remaining
18.5 km2 lies entirely within the South West Conservation

Area.

The E.L. was granted to M.C. Forster on the 28th September
1984. An option agreement between M.C. Forster and Metals
Exploration Ltd. existed between the 5th January 1987 and the
end of licence year three. In August 1989 an option
agreement was reached between M.C. Forster and Pegasus Gold
Australia Ltd., for the exploration of the licence. This
agreement has been registered with the Mines Department and
Pegasus is the operator.

A one year postponement to the 50% compulsory relinquishment
was offered by the Department of Mines in July 1989, as a
result of the uncertainty over the final position of the
World Heritage Area boundary relative to E.L. 11/84. The
area to be relinquished at the current renewal is shown on
Plan 1 Appendix 1.

SUMMARY OF PREVIOUS EXPLORATION

In 1987-88 an 18.2 line km grid was established in the
southeast of the E.L. to cover a suite of rocks known to
include deformed ultramafics, carbonates and undifferentiated
rocks showing intensive and pervasive secondary silica.

A programme of mapping, stream sediment and rock chip
sampling, ground magnetics and bedrock geochemistry using a
Wacker drill produced two main findings.

1) Anomalous chrome and nickel, and possibly platinum group
metals are associated with a talc hematite magnetite schist.
This unit correlated with a magnetic high.

2) Anomalous gold and arsenic was encountered in a
hbrecciated, silicified, and in part cherty lithology of
unestablished origin. Part of this unit may correlate with a
magnetic low immediately east of the talc schist.

During Year S, interpretation of the geochemical and magnetic
data, together with some preliminary fluid inclusion and
petrographic work produced the following conclusions.

1) The rocks in the southern part of the target area were
probably originally both siliceous sediments and ultramafics.
They have been tectonically deformed and pervasively
replaced, in part by silica and in part by carbonate.

2) The fluid inclusion data provides evidence of
hydrothermal alteration probably related to metamorphism.
Secondary silification occured at temperatures of around
3800C.
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A North-South trending zone of anomalous gold and arsenic

mineralisation hosted by a lithology composed almost entirely
of replacement quartz has been recognised by work to date.
This anomalous zone is considered to be a gold target and a
preliminary round of drilling to test the subsurface extent
of mineralication was proposed for the 1989-90 summer.

SUMMARY OF WORK COMPLETED IN YEAR 6

Between January and March 1990,

14 reverse circulation

percussion drill holes and one cored diamond drill hole were

drilled on the gold target previously identified.

statistics are summarised in Table 1.

Drilling

Table 1 Summary of Year 6 Drilling - Borril Creek

TYPE GRID COLLAR CO-ORD

R.C.

R.C.

R.C.

R.C.

R.C.

R.C.

DDH

10, 302N,
10,500N,
10,601N,
10,598N,

10,302N,

10,502N,
10,600N,
1C,598N,
11,800N,
11,800N,
12,0u3N,
11,998N,
11,999N,
12,000N,

10,302N,

10,518E
10,540E
10,524E
10,574E

10,439E

10,446E
10,442E
10,397E
10,442E
10,506E
10,316E
10,367E
10,426E
10,504E

10,514E

AZIM DECLIN. T.D.(M) MAJOR GOLD INTERSECTIONS

(mag)

270 -50
270 -50
270 -50
090 -50

090 -50

090 -50
270 -50
090 -50
100 -50
276 -50
090 -50
090 -50
090 -50
270 -50

270 -50

DETAILS OF YEAR 6 EXPLORATION

34

69

36

10

99

29

25

24

47

10

13 metres at 0.20 ppn

7 metres at 0.42 ppm

10 metres at 0.34 ppn
10 metres at 0.21 ppm

19 metres at 0.84 ppm
S metres at 0.20 ppm
S metres at 0.35 ppm
3 metres at 0.20 ppm
11 metres at 0.22 ppm
S metres -t 0.20 ppa

3 metres at G.20 ppm

3.23 metres at 0.34 ppm

2.5 metres at 0.74 ppn

The North-South trending Borril Creek Au/As anomalous zone,

was drilled in the January-March period,

1990.

Fourteen 4.2

inch diameter reverse circulation holes and one NQ diamond
core hole were drilled to test the major gold anomalies
identified by the previous bedrock Wacker drill sampling.
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All holes were drilled by a track mounted H13 Gemcodril,
operated by Ark No.2 Pty. Ltd., Wynyard Tasmania. This
machine (Fig. 2) was used because of its capacity to drill in
both down hole hammer and diamond c-ore modes from a tracked
vehicle which carries a 350 p.s.1. compressor and can be
walked from site to site without the need for earthworks as
environmentally 1intrusive as those required for truck

mounted or skid mounted drills and compressors.

Drill hole locations are shown on Plan 2 Appendix 2 and the
collar co-ordinates (exploration grid) are listed in Table 1.
Drill logs, core photos, cross sections and drill sample
assay data are enclosed 1in Appendices 3 - 6.
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The ground proved very difficult to drill due to frequent
alternations of clay (both kaolinitic and smectitic) and hard
but intensively fractured and broken replacement type
quartzite, quartz breecia and chalcedony-rich rocks. Wet
clays continually blocked the ports in the reverse
circulation hammer assemblage and the siliceous rocks were
too hard for blade cor tricone roller bits, but too broken and
unstable to hammer properly. As a result of these
difficulties the programme took much longer that anticipated
and sample recovery was poor in the most prospective
lithologies. Eleven of the fifteen holes drilled were
abandoned above their prognosed depths because of ground
conditions. Sample quality and recovery were only marginally
improved , and at much greater cost, by BC-15, the only
diamond drill hole in programme.

Based on the lithologies encountered by the fifteen holes
{shown graphically on the sections in Appendix §5) the
prospect geology is interpretated as a roughly north-south
striking association of; deeply weathered, altered
ultramafic/basic rocks, fresh, probably karsted,
recrystallised (marble) limestones, and siliceous clastic
sedimentary rocks, all in part replaced by a suite of very
fine grained siliceous lithologies consisting of quartzite,
gquartz breccia, gquartz vein stockwork and chalcedony.

The rocks have been intruded by ? Jurassic do’'erite which was
encountered at shallow depth in holes BC-3, 4, 11, 12, 14.
The dolerite appears to close off the northern end c€ the
prospect on grid line 12000 N, and forms the topographic high
on the eastern side of line 10,600N, despite a surprising
absence of dolerite outcrop in the area. To the south the
prospective rocks are uncomformably overlain by a wedge of
Permian glacio-marine sedimentary rocks which thicken south
wards from approximately grid 10,250N. Much of the prospect
area 1s covered with talus and slope deposit material rich

in fragments of the secondary siliceous rock types. The
irregular thickness of this slope material is interpreted to
be in part due to karst weathering and sink hole development
in the carbonate rocks.

The statigraphic and structural relationships between the
different rock units are largely unknown bit by analogy with
similar rocks elsewhere in western Tasmania it is likely that
the ultramafics are EoCambrian-Cambrian in age.

Limestone marble was intersected in two holes. BC-2 with a
westerly azimuth encountered a 27 metre marble unit and BC-2
(easterly azimuth) drilled 54 metres of marble and was still
in marble at T.D. 99 metres. Assuming that both holes
intersected the same marble unit and that karsting has not
produced a major thickness difference between the two sites,
then the marble unit is interpreted as having an easterly dip
and 27 metres is the maximum true thickness of the unit at
site BC-2.
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The occurrence of replacement quartz and its apparent
relationship to gold mineralisation is a major feature of
the prospectivity of this target. Photos of some of the
textures encountered in BC-15 core are shown in Figs. 3, 4
and 5.

Fig. 3. Breccia zone within very fine grained replacement
guartzite. B.C.-15, 6.40 metres.

Petrological work by The Division of Mines and Mineral
Resources Consultancy Services (Appendix 7) shows remnants
of carbonate minerals as inclusions in the replacement guartz
from BC-15 core. This 1s i1nterpreted as evidence that the
rocks were probably originally carbonates and that the marble
drilled in BC-2 and BC-5 may be a recrystallised but non
silicified equivalent to the replacement gquart:z. In BC-11
several examples of replacement guartz drill cuttings with
euhedral disseminated spinel were observed in a section
which included ultramafic lithologies, indicating that guart:=

- ™1 - - - - - - . w 5 - vy . - - - . - [
reaplacement was nct restricted to very reactive rock such as
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Fig. 4. Replacement quartzite showing fragmental texture,
abundant angular pits and vugs with iron oxide and clay
coatings. Fine white veinlets are locally developed

into a stockwork texture. BC-15, 8.50 metres.
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Preliminary fluid inclusion work on surface lag
material conducted during Year S5, indicated quart:z
crystallisation temperatures of 3800oC. During Year 6

Dr J. Taheri, Division of Mines and Mineral Resources carried
out further fluid inclusion work, as well as petrographic,
oxygen isotope and clay minerology studies on core and float
fragments. A report on this work is enclosed in Appendix 7.
The main findings were as follows:

a) Petrographic textures indicate several phases of
silicification, with 2arly fine grained oherty silicification
followed by later veining and coarser quartz crystals. The
rocks studied appear to have originally been carbonates.

b) Liquid and vapour fluid inclusions consistently produced
homogenisation temperatures ranging from 254 to 2810oC and low
salinities (analyses 1 per cent NaCQ,equivalent).

¢) Oxygen analsys gave values around +10 per mill
suggesting that hydrothermal/meteoric fluids rather than
magmatic fluids were involved ir the silicification.

d) XRD work on clavs from BC-15 shows a down hole trend of
increasing illite: kaolinite. None of the clays indicative of
hydrothermal environment were present and the conclusion is
that the clays are either ground water sedimentation or

insitu weathering products.

Petrographic work was also carried out on chips of an altered
basaltic rock encouneterd in BC-8. Dr Tony Crawford,
Department of Geology, University of Tasmania described the
rock as a low titanium basaltic lava, typical of those
assocaited with Cambrian ophiolite complexes in Western
Tasmania (Appendix 7).

Despite the problems in developing a satisfactory drilling
method, the programme successfully confirmed the zone of
anomalous gold mineralisation indicated by the previous
bedrock sampling. Several intersections of significant

sub ore grade gold mineralisation were encountered both in
the replacement guartz and in quartz-free ultramafic

rocks. Table 1, shows the major mineralised zones with
average grade >0.2 ppa, at a cut off grade of 0.1 ppm Au.
eleven holes recorded intersections ranging from 2.5 to 19
metres with average grades ranging from 0.20 to 0.84 ppm.
The best intersection was in BC-7; 19 metres (3-22) at 0.84
ppa, hosted in ultramafic/mafic rocks, approximately half of
which have been replaced by secondary quartzite and
chalcedony. BC-7 has a westerly azimuth and a declination of
-f00 80 if the dip of these mineralised rocks is steeply to
the east, as is postulated for the marble unit east of BC-?
then the 19 metre intersection of mineralisation may be
almost a true thickness.

In BC-1 and BC-1S5 zones of significant gold mineralisation
occur in replacement guart:=/kaclinite clavy units which

appear, on the basis of solid inclusions and an absence »f
spinel i1n 4rill cuttings to have orizinally been carbonate

rocks.
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The intersections of clean, multicoloured limestone marble in
BC-2 and BC-S5 demonstrates the possibility of viable a marble
resource. The licence holder is currently conducting a
trenching programme at the southern end of the gold prospect,
with the aim to expose the marble for mappinc and sampling.
This work, together with a search for talc in the altered
ultramafics, is on going and will be reported in the Year 7
Annual Report.

»
4

|l R =&

»

CONCLUSIONS

The general conclusion on mineralisation control is that the
north-south trending belt of high temperature replacement
quartz is associated with anomalous gold, but in detail, the
major intersections occur erratically in either replacement
quartz and associated kaolinitic clay, or decomposed
ultramafic/matic rocks. Within the mineralised quartz zones
the associated clays appear to carry similar gold grades to
the quartz (eqg BC-15, 20.20 - 27.92).

\
\

i}

Much work remains to be done on the geology of this gold
occurrence. It is a style of mineralisation not recognised
elsewhere in Tasmania and a good excmple of the need to
explore areas and concepts outside the established
mineralised provinces in Tasmania.

PARTIAL RELINQUISHMENT

E.L. 11/84 originally covered a 25 km2 area which included
the 203 Ha 39M/76 over the Glovers Bluff silica prospect and
a buffer zone covering the flood plains of the We.d River.
Of the residual 21 km2, 50% was due for relinquishment in
September 1989 but as the World Heritage Area boundary had
not been finalised at that time, permission to postpone the
partial relinquishment for one year was granted by the
Department )»>f Mines.

In November 1989 the World Heritage Area boundary was

defined in the Weld Valley and consequently 2.5 km2 was taken
from the S.W. corner of E.L. 11/84. At the current renewal
7.5 km2 on the western side of the E.L. is submitted for
relinquishment. The area is shown on the Plan 1 in Appendix
1.

»

All exploration work to date has centred on the gold and
marble targets east of Glovers Bluff therefore the
prospectivity of the western portion of the E.L. is unknown.
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SAMPLE LOG SHEET
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PEGASUS GOLD AUSTRALIA SAMPLE LOG SHEET
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(Date)
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PFUASUS GOLD AUSTRALIA

SAMPLE LOG SHEET
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PEGASI/S GOLD AUSTRALIA

SAMPLE LOG SHEET

Tenement:
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PEGASUS GOLD AUSTRALIA

SAMPLE LOG SHEET
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Location/Site

Sample Type

Project:

gc =15

Sampled by:
(Date)
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Logged by:
(Date)
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SAMPLE LOG SHEET
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PFUASUS GOLD AUSTRALIA

SAMPLE LOG SHEET
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. BC 15 CORE RECOVERY TABLE
é RUN (mts) RECOVERY (mts) RECOVERY % COMMENTS
@.j 0.0 0.80 0.80 100
‘ ' TR0 2.30 1.47 95
2.30 .80 1.42 5
. 3.80 4,80 Q.70 20
) 4.80 S.80 0, S0 SO
b 5.80 6.20 0.40 100
‘ . 6.20 .60 0.40 100
» ; b.&ED 6.80 0.20 100
’ ! 5.80 7 .60 0.70 a7 Rottom Loss
. 7. 60 8. 00 0,30 7% Bottom Loss
¢ §.00 8. 20 Q.06 0 Constant Loss
. 8. 20 8.40 0.10 S0 Constant Loss
@ 8.40 .20 Q.40 S0 Bottom Loss
) Q.20 Q.30 0.07 70 Constant Loss
9.30 9.50 0.13 &5 Constant Loss
. ?.350 Q.60 0.10 100
9.60 9.80 0.20 100
9.80 10.30 0.32 64
10.30 10,70 0,30 75 Tap Loss
10,70 11,30 0.55 2 Bottom Loss
11.30 12.80 oS |9 Rottom lLoss
2.80 13.80 1.00 100
3.80 15,20 0.88 &7 Top. EHottom Loss
15.20 15.80 0,32 S Top, Bottom Loss
. 15.80 16.20 0.40 100
16.20 17.60 0,42 30 Cavity
17.60 18.80 0.0 0 Cavity
18.80 19.70 0,52 =8 Top. Bottom Loss
19,70 20,20 0,30 6O Mainly Top Loss
20,20 20,60 Q.90 225
20,60 21.20 Q.50 100
21.20 21.80 0.2 37 Hottom Loss
21.80 23.00 0.25 21 Mainly Top Less
3.00 23.20 0,20 100
23.20 23.80 0.49 a2 Top Loss
23.80 24.%0 0.55 79 Top, Fottom lLoss
24.50 25.70 0,93 77 Bottom Loss
25,70 27.10 0.65 44
27.10 27.80 0.24 34
27.80 28,00 0.72 é1 Bottom Loss (Cavity:
29.00 29.60 0.10 17 Cavity
29.60 30.30 0.0 0
30.30 T0.40 0.12 120 Alternating Soft
30,40 I0.80 0.335 88 Clayey and Hard
30,80 31.30 Q.46 92 Broken Ground with
. 31.30 31.70 0.10 29 Fractures and Cavities
* 31.70 32.10 0,2 & (29.00 34.20 mts)
J2.10 32.20 0.%50 S00
32.20 I2.40 0,03 15
Z2.40 32.80 0,80 200
32.80 32.90 0,30 300
I2.90 3X.20 0.0 O
‘ 33.20 33.30 0,0 O
XX 0 3IT.50 Q.0 )
33.50 33.80 0,30 100
33.80 33,858 0,05 100
. 3IZ.8% 34,00 0,15 100

4,00 T4, 20 O, 0 O




PROJECTION OF WACKER
SURFACE ANOMALY 1040 ppm As

AZIMUTH 090°mag

BC.1
PROJECTION OF WACKER
SURFACE ANOMALY 045ppm Au
Acc
trac
%
L%
‘o I"a
AZIMUTH 270°mag .g"t%-t

%" KEY -

—

4

-07, 123

SCALE

EM /ImT

BC.1& 5

Altered ultramafic rock with varicble secondary
sifica, clay

Carbonate rock | marble)

¥aclin clay, secondary silica/quartzite olterations,
stratigraphic or intrusive relationships unknown

Ay, As ppm (Im. composife)

1:250

MAY 1990

90-3166.
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PROJECTION OF WACKER SURFACE
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KEY — BC.2 & 6
s Quartzite, quartz sand, secondary silica, t clay
Quortzite, secondary silica, clay

sed ultromafic rock with variable
ry silica

>rrry;  Carbonate rock ( marble)

.08, 250 Au As ppm (Im composite)

SCALE 1: 250
KM 7 JMT  NAY 1990
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PROJECTED WACKER SURFACE
ANOMALY 0-38ppm Av

KEY — BC.3& 4

TImTT,  Quortzite, quortz sand, secondary silico

ZFazas Clayey talus, minor quartzite, secondary silica

ZTsIls  Dolerite (?Jurassic)
.01, 300 Ay, As ppm (Im. composite)

SCALE 1 - 250
KM/IMT  MAY 1990




PROJECTED WACKER SURFACE
ANOMALY 0-60 ppm Av, 70ppm As

KEY - BC.9& 10

Quartzite, quartz sand, secondary silica, clay
Cloy, secondary silica, quartzite

Altered vltramafic rock with vorioble secondary silica

07, 270 Av, As ppm (Im.composite)

. SCALE 1 : 250
KM/IMT  MAY 1990




PROJECTED WACKER SURFACE
ANOMALY 0'22ppm Av

KEY - BC.7& 8

Alrered ultramafic rock with varioble secondary silica

Secondary silico, quartzite, cloy
STPsrs Carbonote rock with secondary silica, chert

orrsnt  Quartzite, quartz sand, secondary silico

.08, 138  Au, As ppm (Im. composite)

SCALE 1:250
KM/ JMT  MAY 1990
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Australian Laboratory Services i FFmsrimmeimi™ Shmimrimt,. o

. Phone (077)87 4155 Fax (077) 87 42;
Phonse (07) 352 8577 Benc ;0
Fax (07) 352 5109. 127 A Victoris

CONSULTING ANALYTICAL CHEMISTS Portn Phone: (0545 48 1350 Far (0541 46 136

Lot 197 Victoria
Phone: (09) 249 2968, Fu

INCORPORATED %”2"”‘2 mm&m NS W
wnesane  LABORATORY REPORT Townevile Loborstory Phone (063) 631 722 Fex (063) 631 1

Phone: (077) 79 $155. Fax (077) 7” 29

PEGASUS GOLD Page
63 EXHIBITION STREET
MELBOURNE

vic Batch Number: aq46

ontact: MR K MORRISON No. of Sampies: 149
Date Received: 25701790
Jrder No. Sample Type: PLANT Date Compieted: 09/02/90

Au Au(R) Au(R)
SAMPLE NUMBER pp® ppm ppm

CHECKS | CHECKS

BC1
BCH
BC1
BCH
BC1
BC1
BCH
BCI
_BCH
BCH
BC1
BC1
BC1
BCI
BC1
BC1
BCH
BC1
_BC1
BC1
BC1
“BCH
BCI
BC1
BCH
BC|
BCH

V]|~ U&=

olojojojo|o|o|o|oleiC|CICIo|CICoIo|o|C 00000000 IO

Jetection Limit:

~omments:

{LESS NOTIFIED ~ULPS WILL BE DUMPED ON 25/07/90 AND SPLITS (IF ANY) ON 25/04/30

Signed: ﬁ - Lo

FORM ALS
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sbane Head Ot tory
Australian Laboratory Servicesn I imuTeE B T o
Phone (07) 352 5577
Fax (07) 352 S} 127A Viclorie

Laberatory
CONSULTING ANALYTICAL CHEMISTS o by Prone (054 4 1380 Fox 155046

Lot 197 Victoria A. 6082
Phone. (09) 200 7088, Fax. (03) 540 2043 Ormmee!

INCORPORATED mm N.S.W. 2800
raxcs  LABORATORY REPORT Towaevile Laberstary Phone: (063) 631 722 Fax: (083) 631 1

Gerdun, Q
“ . Pnone: (077) 79 9158, Fax (077)7’07?9
A0

lient: PEGASUS GOLD Face
.ddress: 63 EXHIBITION STREET
MELBOURNE
vIiC Batch Number: a446

ontact: MR K MORRISON No. of Samples: 149

Date Received: 25701790
rder No. Sample Type: PLANT Oate Completed: 09/02/90

Au Au(R) Au(R)
SAMPLE NUMBER ppa ppm pPpP®

PM209 CHECKS CHECKS

BC1
BCI
BC1
BCH
BC2
BC2

—BC2
BC2
BC2
BC2

_Bc2
BC2

wrofudlut

olojo

W

~

ololol
~a |-

o| ||| afwiro|—-
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Jetection Limit:

omments:




8nsbane Head Office and L [ T L

Australian Laboratory SerViCes i i e T e e 0 1

Phone (077) 87 4155 Fax (077) 87 4220
Phone (07) 352 5877.

Fax: (07) 352 5109. 127A Vicioria Street,

CONSULTING ANALYTICAL CHEMISTS Porth Phone. (054148 1380 Fax. (054) 46138

Lot 197 Victoria % WA. 6062

Orange Laborstory
s LABORATORY REPORT g;".,.g;;;:.“:;" D ramroas v e S %8

Garbu
Phone: (077) 79 9155, Fax: (077) 799 729

P B .
AR S

Jent: PEGASUS GOLD it 3
ddress: 63 EXHIBITION STREET

MELBOURNE

vIic Batch Number: aq4¢

ontact: MR K MORRISON No. of Samples: 149
Date Recsived: 25/701/90
srder No. Sample Type: PLANT Date Completed: 09/02/90

Au(R)

PPm
CHECKS

SAMPLE NUMBER

BC2 27 0.15
BC2 28
BC2 29
BC2 30
BC2 31
BC2 32
BC2 33
BC2 34
BC2 35
BC2 36
BC2 37
BC2 38
BC2 39
BC2 40
BC2 41
BC2 42
BC2 43
BC2 44
BC2 45
BC2 46
BC2 47
BC2 48
BC2 49
BC2 S0
BC2 S1
BC2 S2
BC2 53

—__BCE _S4
BC2 55
BC2 56

~

Jetection Limit:

somments:




Australian Laboratory Services

CONSULTING ANALYTICAL CHEMISTS

“aiawe  LABORATORY REPORT

S

PEGASUS GOLD

63 EXHIBITION STREET
MELBOURNE

vVIC

MR K MORRISON

Sample Type: PLANT

HBnsbane Head Office and Laboratory Charters Towers Laboratory

YIY. 32 Shand Street. Stattord. Q 4053
PO Box 66. Everton Park, O 1053 Prone (077)87 4155 Fax (077)87 422Q

Pnone (07) 352 5577
Fax (07) 352 5109.

Perth Laboratory
Lot 197 Victoria Road, Mslags. WA 6062

18 Drew Street. Charters Towers QO 48

Bendigo Laborstory
127A Victoria Street, Esgishawk_ Vic. 35
Phone: (054) 46 1390 Fax (054) 46 138

Phone' (09! 249 2088. Fax' (09) 249 2942. g Lm'ood Dnvo,l07 NS

Towneville
21 Bombala

ange W. 2800}
Phone: (063) 631 722. Fax (063) 631 18

Strest, Garbun. Q. 4814
Phone: (077) 79 9155. Fax: (077) 799 729

Page 4

Batch Number: ad46

No. of Samples: 149
Date Received: 25/01/90
Date Completed: 09/02/90

SAMPLE NUMBER P8

Au

PM209

Au(R)

dd
CHECKS

Au(R)

Ppm
CHECKS

57 <0.01%

S8 <0.01

<0.01

<0.01

<0.

0.

0.

<0.

0.

(0.

~omments:

Signed: ﬁ . OMM\./




Bnsbane Head Otftice and Laboratory Charters Towers Laboretory
Australian Laboratory Services & gioj::"‘;g;z;z:gj;:"m%‘fézs L R
Fax: (07) 352 5109. 127A a:lm‘ Street, Y oot Eaglenawk, Vic. 3
CONSULTING ANALYTICAL CHEMISTS mm a 0gg, 0" (054) 46 1300 Fax 054) 46 13048

Orange Laborstory
e LABORATORY REPORT M’%’" e T v

Garbutt, Q. 4814
\ R Phone: (077) 79 9155. Fax: (077) 799 729

PEGASUS GOLD Page

63 EXHIBITION STREET

MELBOURNE

vIC Batch Number: aAq4¢

ontact: MR K MORRISON No. of Samples: 149
Date Received: 25701790
.rder No. Sample Type: PLANT Date Completed: 09/02/90

Au Au(R)
SAMPLE NUMBER opm opm

PM209 CHECKS

BC3 18 €0.0%
BC3 19 <0.01
BC3 20 <0.01
BC3 21 <0.01
BC3 a2 <0.01
BC3 e3 <0.01
BC3 <0.01
BCI as <0.01
BC3 26 <0.01
BC3 27 <0.01
BC3 28 <0.01
BC3 29 <0.01
~ BC3 30 <0.01
BCY 31 <0.01
BC3 32 <0.01
~ BC3 33 <0.01
T BC3 34 <0.01
) BC3 35 <0.01
BC3 36 <0.01
BC4 0.08
BC4 0.01
BC4 0.09
BC4 0.01
BC4 <0.01
BC4 <0.01
BC4 0.08
BC4 0.02
BC4 <0.01
BC4 1 <0.01

3
4
s
6
7
8
9
0

Jetection Limit: 0.01%

Signed: j - e




Australian Laboratory Servicesm iuiesmada i@ Sttt th. o

)4 plefl el Phone: (077)87 4155 Fax (077;57 42 )
iy Bendigo Labo-story
4 Fax: (07) 352 5109. 127A Victoria Street. Eaglehawk. Vic. 35

CONSULTING ANALYTICAL CHEMISTS et rvr—— = "(&5& moo Fax. (054) 46 138
=i LABORATORY REPORT R, P s B
s s Phono 01729 709 729
v é ﬁﬁﬂ%
sent: PEGASUS GOLD Page
ddress: 63 EXHIBITION STREET LoAd

MELBOURNE -J
vVIC Batch Number: g4 1

antact: MR T SUMMONS No. of Samples: 177

Date Received: 05702790
srder No. Sample Type: P/CHIP Date Completed: 16/02/90

e Au Au(R)
SAMPLE NUMBER Pp®™ ppm

PM209 CHECKS

06
05
03
04
03
08
01
01
01
02
01

w|m
oO|l0
wnijn

o
o
"t

|
(2]
win

w
o

w
O

|
U'I'U'I
:;omqwomuum-

w| | w|x|w|o
OOIOOHO
wnjnjunlwnjnin

:

o | )
OCHO
v n

0
0
0
0
0
0
0
0
0
0
0
0.
0.
0.

BC § 0.
0.68
1.05
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

WLESS NOTIFIED FULPS WILL BE DUMPED ON 05/08/90 AND SPLITS (IF ANY) ON 05/05/90

Signed: ﬁ Y4 PO




Iy Brisbane Head Office and Laborstory Charters Towers Leboralory S
Austrahan Laboratory Services im irinimraimior Bl . o a2

Phone (07) 352 5577.

Fax (07) 352 5109, T it ovael Engiohawk, Vic. 3
CONSULTING ANALYTICAL CHEMISTS bty e et T
Phone: (00) 249 2088, Fax: (09) 245 2042

INCORPORATED ?51."'“"6:"5’0:.«... OGNS
e  LABORATORY REPORT Townavale Labaratary Phone. (063) 631 722 Fax (083) 631 18

P Gardbutt, Q. 4814
(D O Phone: (077) 79 9185 Fax: {(077) 799 729.

PECASUS GOLD Page

63 EXHIBITION STREET

MELBOURNE
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doress: 63 EXHIBITION STREET
MELBOURNE
. VIC 3000 Batch Number: B4SS
’ ontact: MR T SUMPMONS No. of Samples: 326
, Date Received: 23702790
rde:No. EX BATCH B4113A446 Sample Type: PULP EX B411 Oate Compietsd: 28/02/90
: Sement Ag
SAMPLE NUMBER Unit Y1)
Method | co01
A BCS 2 <1
L - BCS 3 [§]
BCY 4 <1
BCS © (§]
‘, BCS & §]
BCS 7 a
“BCS 8 1
—  BCY 9 (§]
— BCS 10 (&)
BetS 117 a1
—  BCS (¢ (4]
“BCS 13 [§]
. —BCS 14 (4]
—  BCY 1Y f
———Br% 1% 1T
BCE 17 -1
— BCS 18 1
T BCY 19 (@]
BTS20 (4]
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1
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PEGASUS GOLD Page g8 o 11
63 EXHIBITION STREET
MELBOURNE

vVIiC Batch Number: B4SS

MR T SUMMONS No. of Samples: 326
Date Received: 23702790
EX BATCH B4113A446 SampleTyps: PLP EX B411 Date Completes: 28/02/90

§§ Australian Laboratory Services R TEFri R SRR o
ddress

o
ppm
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a
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a
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w2 LABORATORY REPORT

PEGASUS GOLD
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MELBOURNE

VIiC

MR T SUMMONS
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Page 11

Batch Number: B4Ss

No. of Samples: 326
Date Received: 23/02/90
Daw Compieted: 28/02/90
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Australian Laboratory Servicesm i mgtsmstae  Grmomm e, .8

PO Box 66 3%.»2922;7%:“_ Q 4053 Phone (077187 4155 Fax (077) o7 4220,
Pnone {(07) Bendigo Lat 0
Fax (07) 352 $109 127A Victo-ia Strest, Saglehawk. Vic 35!
CONSULTING ANALYTiICAL CHEMISTS Parth Laboratory Phone (054) 46 1390 Fax {054) 46 1363

Lot 197 Victoria Road. Maiags. WA 6062

INCCRPORAED T Y REPORT Phone (09) 249 2988 Fax (09) 248 2942 ;g L”. w003 D';i";g'r"” gsg w“zaoao

N GUEENS. AND “ownevike Laborstory hone. (063) 631 ax (063) 631 1

~awai  LABORATOR Jmeke Laborstory |
e Pnone (077)79 9155 Fax (077) 799 729

L& ent PEGASUS GOLD Page , o g
| adress 63 EXHIBITION STREET
. MELBOURNE
vIC 3000 Batch Number: a446-1
A )
ontact: MR K MOFRRISON No. of Samples: 149
Date Received  &5/01/90
rderNo. LETTER Sample Tyre: PERCUSSION CHIP Date Completed: 02/02/90
SAMPLE NUMBER S| A
(1.1
Method | co04
BC1-1 _85
BC1-2 60 -
BC1-3 13
BC1-4 160
BC1-5 178
BC1-6 270
___BC1-7 120
BC1-8 100
BC1-9 135
BC1-10 210
BCI-11 185
BCi-12 165
BC1-13 420
BC1-14 490
BC1-15 300
BCI-16 100
BCI-17 220
BCi-18 240
BC1-19 195
BC1-20 135
“BC1-21 230
—  BCi1-22 120
BCT-23 16S
BCi1-24 24
— BCi-2% 8
BCT-26 6
—_ BCI-27 10
— BTi-28 9
BC1-29 H
BCT-30 7
Jetecuon Limit:

FORM ALS ORI
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~sni  LABORATORY REPORT

PEGASUS GOLD

63 EXHIBITION STREET
MELBOURNE

VIC

ontact; MR K MORRISON

irder No LETTER

Pnone (07) 352 5577
Fax {07) 352 5109

Sampie Type: PERCUSSION CHIP

Lot 197 V Road. M. WA 6062
ot ictona . Maiaga, W.
Phone’ (09) 249 2088, Fax (09) 249 2942. Ty et ecr orance. N.S W 2800

Towneville Laborstory
21 Bombala Street, Garbutt. O 4814
Phone (077) 79 9155 Fax (077)799 729

sbane Head Otfice and Laboratory Charters Towers Laboretory
l'_",”‘_f, 32 Shand Street, Stattora, Q 4053
PO Box 66 Everton Park Q 4053 Phone (077)87 4155 Fax (077)87 4220

18 Drew Struet, Charters Towers O 482(

127A Victoria Street, Eaplehawk, Vic. 35
Phone: (054) 46 1390 Fax: (054) 46 138

A nge.
Phone (063,631 722 Fax (063)631 18

Page 2 ot 5

Batch Number: A446-1

No. of Samples: 149
Date Received: 25701790
DateCompleted: 02/02.790

SAMPLF NUMBER

As

pp®
G004

BC1-31

19

BC1-3¢2

16

BC1-33

ee

BCi-34

BC2-1

BC2-2

BC2-3

BC2-4

BC2-5

|Jrumyo-¢§

BC2-6

=
-

BC2-7

BC2-8

BCc2-~-9

BC2-10

BCe-11

BCe-12

BC2-13

- |00 |==

BCe-14

BC2-15

BCe-16

BC2-17

BC2-18

BCe-19

MLMGoqqoowM%n

BC2-290

-

BCe-21

BC2-22

=

BC2-23

-
ro

BC2-24

BC2-2S

BC2-26

Jetection Limit:

omments




- i S
i P e SR : o st . SRR

Australian Laboratory Services ' B o g R
x , Lverton e,

Phone (077)87 4155 Fax (077)87 4220,
Prone (07)352 5577

Fax {07) 352 5109 127A v-cm"‘u.:'sm Eaglenhawk, vic 359
CONSULTING ANALYTICAL CHEMISTS Perth Laboratory Phorie (054) 46 1390 Fax {054] 46 1383

Lot 197 Victoria Road. Malaga. WA 6062 g,

Orange Laboratory
w=i:  LABORATORY REPORT v S
N SUEENS AND } -
A 21 Bombala Street, Garbun Q 4814 -
Pnone (077) 79 9155 Fax (077) 799 729 .

PEGASUS COLD Fage g o g
63 EXHIBITION STREET
G MELBOURNE
vIC 3000 Batch Number: a446-1
%
sntact MR K MORRISON No. of Samples: 149
Date Received: 2%/701/90
rder No LETTER Sample Type: PERCUSSION CHIP Date Completed: 02/02/90
. Element As
s SAMPLE NUMBER Unit ppm
. Method | G004
BC2-27 158
BC2-28 7S
i BC2-29 170
' BC2-30 240
BC2-31 200
BC2-32 195
BC2-33 390
' BC2-34 690
‘ — BCe-3%5 650
BC2-36 670
BC2-37 250
BC2-38 360
BC2-39 60
BC2-40 65
BCZ-41 30
~8C2-42 30
T BC2-43 33
BC2-44 26
, T BCe-45 28
BC2-46 26
BC3-47 <«
~ BC2-48 1S
BC2-49 ]
BC2-50 1
— BC2-851 a
BC2-52 Qa
BCe-53 ]
BC2-54 [
BCt2-55 2
3 BCZ-56 )
yetection Limit 1

~omments:

Signea: 'ﬁ . QM/V\_/’ ’

FORMALS O




8nis° ane Head Nttice and Labcratory Charters Towers uboulory

Australlan I a Orator erVICeb 52 St-and Street. Statorg U 4053 18 Drew Street Charters Towers L 4820
LD v Box 66 Everton Park G 4053 Prone (077187 4155 Faa 577,87 4220

Phorie (G7) 3525577 Bendigo Laboratory

Fax (07) 352 5109 127A Victona Streel. “aglahawk Vic 35

CONSULTING ANALYTICAL CHEMISTS Perth Laborstory Phone (054) 46 1390 Fax (054) 46 1389

Lot 197 Victona Road, Maiaga, WA 6062 ange Labor

Ora atory
) Phone (09) 249 2988. Fax (09) 249 2942 10 eewood Drive. Orange. N S W 2800
TORY REPORT Lt ;
" AN (063) 631 722 Fax (063) 631 18
™ QUEENSLANG LABORA R R R 21 Bombala Sireet. Garbut. O 4814
N Phone (077) 79 9155 Fax (077,799 729

‘ent PEGASUS GOLD Page 4 o g
ddress: 63 EXHIBITION STREET
MELBOURNE
vIC 3000 Batch Number: Aq46-1
ontact: MR K MORRISON No. of Samples: 149
Date Received: 25701790
sderNo. LETTER Sample Type: PERCUSSION CHIP Date Completed: 02/02/90
Element As
SAMPLE NUMBER Unit ppm
G004 N
_— BC2-57 <1 —
s BC2-58 1
BC2-5% <1
BC2-60 <1
BC2-61 <1 .
BC?~-62 {1 |
N BC2-63 Q X
- BC2-64 {1
. BC2-65 {1
- BC2-66 8
" BC2-67 24
- BC2-68 N.R.
. T BC2-69 85
BC3-1 4
BC3-2 - e
BC3-3 {1
BC3-4 e
BC3-S 7
BC3-6 16
BC3-7 16
BC3-8 34
BC3-~-9 40
BC3-10 34
] BC3-11 38
= BC3-12 65
BC3-13 90
BC3-14 260
BC3-15 1150
BC3-16 125
BC3-17 60
Jetection Limit: 1

~omments:

FORM ALS O ‘
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Brisbane Mead Office and Laboratory Charters Towers Laboretory

Australian Laboratory SerVice {,"}";’) 32 Srang Street Statiorg O 4053 18 Drew Street. Crarters Towers G 482(

zo Bo:oliye.%vzeétg;"’nw Q 4053 Phone (077187 4155 Fax (077)87 4220
here (07) 3 Be Labors

Fax (07) 352 5109 1274 etona s::':o'{ Eagiehawk, vic. 3548
CONSULTING ANALYTICAL CHEMISTS Perth Laboratory Phone (054) 46 1390 Fax (054} 46 138

Lot 197 Victoria Road. Maiaga. WA 6062

s LABORATORY REPORT Pl Sl T 25 e v s vl

21 Bomoala Street. Garbutt. O 4814
Phone (077) 799155 Fax (077) 789 729

ient PEGASUS GOLD Page g of g
daress: 63 EXHIBITION STREET

MELBOURNE

VIC 3000 Batch Number: a346-1

e

>ntact: MR K MORRISON No. of Samples: 149
Date Received: 28701790
rderNo.  LETTER Sample Type: PERCUSSION CHIP Date Completed: Q2/02/90

Element As
SAMPLE NUMBER Unit [-Y-1.)

G004

BC3-18
BC3-19
BC3-20
BC3-21

BC3-22
BC3-23
BC3-24
BC3-25 _
BC3-26
BC3-27
BC3-28
BC3-29
BC3-30
BC3-31

BC3-32
BC3-33
BC3-34
BC3-35
BC3-36
BCa-1

BC4-2

BC4-3

BC4-4

BC4-5

BC4-6

BC4-7 7S
BC4-8 22
BC4-9 12
BC4-10 12

S Y

— | -
W= jWid s Ntolo|~|~{~d]|b |0

o
i~
ajo

Ll
AL U IR T

setection Limit: 1

Somments:

FORM ALS OY
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N S M T T e A o e g :
. . "y bisbDane Head Oftice and Laboratory Charters Towers Laboratory
Australlan I aborator @Ir'VICES |7} i srancSveer Siatora U 4653 '8 Drew Shiee: Uhatters Towers O 482(
g ZHJ 80:067? 3%30;!;;\7%'& T 4053 Fhone (077,87 4155 Fax (077,87 4220
ane ) Bendigo Labors *
Fax (07) 352 5109 127A Victona Str'::t' Eaglehawk. Vic 35
CONSULTING ANALYTICAL CHEMISTS Port® Laboratory Pnona (054) 46 1350 Fax (054) 46 1364

Lot 187 Victoria Roay, Maiaga. W A 6062

y Orange Laboratory
7t LABORATORY REPORT R e %
In Ut £ NS AND ownsvi 0 hone ax
" AVEENSLANG 21 Bombala Street. Garbutt. O 4814
. “none (077) 799155 Fax (077) 795 29
Ty

vl

ent. PEGASUS GOLD Page 4 o ¢
ddress: 63 EXHIBITION STREET
MELBOURNE
vIC 3000 Batch Number: pa11-
Jntact MR T SUMMONS No. cf Samples: 177
Date Received: 05/02/90
-der No LETTER Sample Type PERCUSSION CHIP Date Completed: 16702790
Element As
SAMPLE NUMBER Unit ppm
Method | ¢ 004
____BCS5-1 400
BCS-2 1750
BCS-3 1150
BCS-4 1000
BC5-%5 290
BC5-6 220
BCS5-7 110
BC5-8 250
BC5-9 730
BCS-10 1100
BCS-11 870
BCE-12 800
BCS~13 310
BCS-14 870
BCS-1¢ 1100
BCE-16 5200
- BCE-17 5550
BCS-18 4100
' BCS-19 2450
BC5-20 780
BCS-21 460
“BCS-22 1200
: BCS-23 710
BpCS-24 420
o BCE5-28 80
“ ot BCS-26 110
- BCS-27 13
3 BCS-28 145
A BTE-29 55
- BCS~30 65
Jetection Limit: 1

omments

Signed: ﬁ W

FORM A.S OY
»
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Charters Tuwers Laboratory
18 Drew rwet Charters Towersy U 48
©Ohone (077:87 4155 Fax (U77) 57 4220 .

Australian Laboratory Services i it s

Pnone (07) 352 §577

Bendigo Laborstory
Fax (07) 352 5109 127A Victonia Streel, Eaglehawk. Vic 35

CONSULTING ANALYTICAL CHEMISTS Perth Laboratory Phone (054) 461390 Fax (054) 46 138

Lot 197 Victoria Road, Malaga, WA 6062

Orange Laboratory
) . Fhone (09) 249 2988. Fax (09) 249 2942 10 Leewood Drive. Orange. N.S W 2800
INCCAPORATED . N
| < 1
wrii LABORATORY REPORT Townavle Laborstory " Phand 380312 P (3651 10
Pnone (077)79 9155 Fax (077) 799 729

1 H

lient: PEGASUS GOLD Page o of ¢
ddress: 63 EXHIRITION STREET
MELBOURNE
VIC 3000 Batch Number: p411-1
Jntact; MR 1 SUMMONS No. of Samples: 177
Date Received: 05/02/90
rderNo. LETTER Sample Type: PERCUSSION CHIP Date Completed: 16/02/90
Element As
b SAMPLE NUMBER Unit Pp® )
B Method | Gooa
BCE-31 e
_____B(CS-32 145 R
BCE-37 80
BCS-34 14
BCS-3%5 6
BCS-36 34
BCS-37 14
& BCS5-38 13
) _ BCS5-39 10
_____BCS-40 32
BCS-41 ee
v BCS-42 22 )
b BCS~-43 26 E
' BCS5-44 20 '
. BC5-45 40
A BCS5-46 180
BCS-47 135
BCS-48 95
BC5-49 80
BCS5-50 100
BCS-51 90
BC5-~52 240 X
BCS-53 1))
BC5-54 65
BCS5-~-55 310 .
BC5-56 1285 "
BCS5-57 34
BCS5-58 T0
BC5-59 11
BCS5-60 12
Jetection Limit: 1

comments:

Signed:

FORM ALS O
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Brone (09) 2092008 "tn (09) 260 0e5 Cpunmlsborstory L oo
GEengoAns LABORATORY REPORT Towneie Loborstory Phone. (063) 831 722 Fax (063, 531 18
“ ) ' ‘ »

aent; PEGASUS GOLD

1dress: 63 EXHIBITION STREET
MELBOURNE
VIC

~,

Phone (07) 352 8877
Fax {07)352 5109.

8
Phone (077) 79 9155. Fax (077)799 729

3000

Brisbane Head Oftice and Leboratory

L]
v o 880 Ofrce
Services i TR

Perth Labaratory
Lot 197 Victoria Road, Malaga. WA

.‘l‘&.bﬁh 7‘> !\ ‘

Charters Towers Laboratory .
18 Drew Strewi. Charters Towers O 4820HEEN
Phone (077)87 4155 Faxi077)87 4220

BSendigo Laboratory
127A Victoria Street, Eaglehawk, Vic. 35!
Phone: (054) 46 1390. Fax (054) 46 138

Page 3 of 6

Batch Number: g411-1

antact MR T SUMMONS No. ot Samples: 177
Date Received: 057027990
rderNo.  LETTER Sample Type:. PERCUSSION CHIP Date Completed:  16/02/90
Elom.ntl As
SAMPLE NUMBER Unit ppm .
Method | Goca
BCS-61 19
BCS-62 [
BCS-63 20
BCS5-64 32
BCS-6S 3
BCS~66 8
BCS5-67 16
BCS5-68 460
BCS-69 S0
BCS-70 er
BCS5-~-71 6
BCS-7¢ 44
BCS5-73 60
BC5-74 49
BCE-75 190
BCS-76 T2
BCS-~-77 14
BCS-78 84
BC5-79 10
§£§-80 8
BCS-81 2
BCE-82 3
BC5-83 15
o BC5-84 8 A
BC5-8% ee ‘
BCS-86 10
BCS-87 §0
BCS-88 St
BCE-89 20
“BCS-90 6
Jetecuon Limit: 1

~omments:

Signed: ﬁ . a--\/ .

FORM ALS O



ent: PEGASUS GOLD
1aress 63 EXHIBITION STREET

MELBOURNE
vIC

sntact MR T SUMMONS

‘der No. LETTER

Australian Laboratory Service

CONSULTING ANALYTICAL CHEMISTS

i LABORATORY REPORT

3000

Sample Type:

PERCUSSION CHIP

Brisbane Head Otfice and 1 boratory
3¢ Stas 9 Street. Stattora o« 41

PO Bor 66 Everton Park. U 4053
“hone (07) 352 5577

Fax (07)352 5108

Perth Laboratory

LOt 197 Victoria Road. Malaga, WA 6062
Fhone (09) 249 2988 Fax (09) 249 2942
Townasvilie Laborstory

2! Bombala Street, Garbun. Q 4814
Phone (077) 79 9155 Fax (077)799 729

Batch Number: p411-1

No of Samples: 177
Date Received-
Date Compieted: 16/02/90

Charters Towers Laboratory
T8 Drea Streer (rarters Towers O 482
Prone (w77, 87415 Fax(077)87 4220

Sendigo Laboratory

127A Victona Strest, Eagiehawk V. 35
Phone: (054) 46 1390 Fax (054\45 1384
Orange Laboratory

10 Leewood Drive. Oran: e NS W 2800,
Phone. (063) 631 722 Fax (363) 631 184

Page 4 of 6

05/02/90

Element As

SAMPLE NUMBER Unit ppm
Method | co04

BC5-91 7
BCE-92 7
BCS-93 8
BCS-94 19
BCS-9¢ 23
BC5-96 16

_ BC5-97 16
BC5-98 17
BCS-99 19

BC6 -1 N.R.
BC6-2 15
BCE-3 14
BC6-4 16

i BC6-S 16
BC6-6 15
BCG6-7 15

) BC6-8 16
BC6-9 17
BC6-10 17
BC6-11 15
BC6-12 17
BCE-13 18
BC6-14 18
BCE~15 N.R.

T T BCE-16 19
BCE-17 19
BC6-18 49
BC6-19 44
BC6-20 66
BC6-21 65

Jetection Limt® 1

,omments:

FORM AL O




Laboratory Services

.
Ea

Pnone (07) 352 5§77
Fax (07) 352 5109

CONSULTING ANALYTICAL CHEMISTS Perth Laboratory

Lot 197 Victoria Road, Matagn, W A 6062

Y Brisbane Head Office and Laboratory Charte:s Towers Laborstory
LTD 32 Shang Street, Statfora. U 4053
PO Box 66 Everton Park. G 4053 Prione {07787 4155 Fax (077; 87 4221

18 Drew Street Charters Towe s U 48

Sendigo Laboratory
127A Vicloria Street, Eagiohawx, Vic 35
Phone: (054) 46 1390 Fax (054) 46 138

Phone (09) 245 2988 Fax (032492942 St eawons brre”0range. NS w 280008
Phone. (063) 631 722 Fax (063) 631 184

21 Bombasla Strest, Garbutt. Q. 4814

wiri LABORATORY REPORT Tommene

PEGASUS QLD

63 EXHIBITION STREET
MELBOURNE

vVIC

ontact: MR T SUMMONS

.rder No LETTER

Phone (077) 79 9155 Fax (077) 799 729

Sample Type: PERCUSSiON CHIP

Page S

Batch Number: B411-1

No. of Samples: 177
Date Received: 05/02/90
Date Completea: 16702790

SAMPLE NUMBER

As

PPpR
G004

BC6-2¢2

s

BC6-23

64

BC6-24

BC6-2S

BC6-26

EC6-27

BC6-28

BC6-&9

BC7-1

BC7-2

BC7-3

BC7-4

BC7-5

BC7-6

BC7-7

BC7-8

BC7-9

BL7-10

BCT-11

-t | -
N~
olul

BC7-12

|

-

BC7-13

O”o
[T,

BECt-14

2

BC7-15

BC7-16

o w}
of =i~
olojn

BCT-17

BC/-18

|

n
O
o

BCT7-19

BC7-20

BCT7-21

BC7-22

Jetection Limit:

dluuu
ol o

~omments




gt

B

INCORPORA™E
IN QUEENSLANT

4

Australian Laboratory Ser

CONSULTING ANALYTICAL CHEMISTS

LABORATORY REPORT

3 N
he .o k] .
R . +

Brisbene Head Officy and Laboratory

o
v1ces PTY. 32 Snang Steet. Stattora. U 4053
LTD. p'0 Box 66. Evertor Pars @ 4053

Prone (07) 352 5577

Fax (07) 382 5109

Pertn Laboratory

Lot 197 Victoria Road. M3!aga. W A 8062
Phone (09) 249 2988 Fax (09) 249 2942
Townaeville Laboratory

21 Bombaia Streel, Garbutt. Q. 4814
Phane (077) 799155 Fan (077) 799 729

Chartery Towsrs Laboretory
18 Drew Street. Charters Towers U 482
Phone (077)87 4155 Fax (077)87 4220

Bendigo
127A v-ct::wm Stree!, Eagiehawk, Vic_ 35!
Phone (054) 46 139¢. Fax ($54) 6 130

Or Laborstory
'Ot::vood Drive, Orange. NS W 2000
Phone (063) 631 722 Fax (063) 631 18!

went PEGASUS COLD Page g o ¢
ddress. 63 EXHIBITION STREET
MELBOURNE
VIc 3000 Batch Number: 411~
ontact: MR T SUMMONS No. of Samples: 177
Date Received: 05/02790
rder No. LETTER Sample Type: PERCUSSION CHIP Date Completed: 16/02/90
Element AS
SAMPLE NUMBER Unit opm
Method | Goe4
BC7-23 46
BC7-24 36
BCT7-25 42
BC8-1 T0
BC8~-2 175
BC8-3 360
BC8-4 300
8C8-5 230
BC8-6 140
BC8-7 150
_BC8-8 165
BC8-9 9s
BC8-10 18
BC8-11 30
BC8-1¢2 38
BC8-13 46
BC8-14 §S
BC8-15 80
BCB-16 _8S
BC8~-17 130
BC8-18 110
N BC8-19 188
BC8-20 _85
BC8-21 48
BC8-22 12 7
BC8-23 10 .
BC8-24 . 24 "
1.
Jetection Limit: 1

~omments.

Signed

fj' Qs —




./ :

Ll

Austrahan Laboratory Services m [FInFn it in  SETIETE .. o ud

Strest, Garbutt,
Phone (077) 79 9155, Fax (077)799729

and i Ch Towers L
At = \
ax 127A
CONSULTING ANALYTICAL CHEMISTS Porloborstony L Phone (Do 8 1580 Far (054 4 oo g
INCORPORATED Phone: (08) 249 2008. Fu )) 249 2042 10 Leewood Or M
w5 LABORATORY REPORT et e Pt e P

lient: PEGASUS GOLD Page 4 o g
adress  §3 EXHIBITION STREEY
MELBOURNE
vVIC 3000 Batch Number: cq26-1
ontact MR T SUMMONS No. of Samples: 142
DateReceived:  08/03/90
rderNo.  LETTER Sample Type: DRILL Date Completed: 03/04/90
Element As Ni Ce
SAMPLE NUMBER Unit ppm ppn t+1-1 ]
Method | G004 G001 G001
__BCY 1 16 320 __S40
~ _—_BC9 8 25 970
- —_BC9 3 3 10 1650
__BCY & 4 [ 1650
— _BCY S 4 10 1560
N — BC9 6 3 <S 1200
BCY 7 2 s _1500
—BCco 8 2 18 830
BCY 9 2 20 190
BCY 10 3 25 9§
pCY 1 2 25 [T
3CY 12 _S __&0 11
5C9 13 1 3 S S0
BCY 14 4 70 90
3 45 45
BCY 16 S 35 45
BCY 17 32 135 35
36 195 30
i PCY 19 36 100 95
BCY 20 95 150 45
BCY N 13 138 40
__8CY g2 10 180 35
86y 23 50 110 _3%
BCY 24 40 380 45
BCY 25 44 _430 45
BCY 26 46 170 45
BCY 27 3 120 60
. B9CY 28 13 108
BCY 89 0 380 130
. BCY 30 100 1650 850
Jetechon Limit. 1 s s
.omments:

NLESS NOTIFIED PULPS WILL BE DUMPED ON 08/09/90 AND SPLITS (IF ANY! ON 08/06/790

Y=y

FOMM ALS O
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K P

Australian Laboratory Services

CONSULTING ANALYTICAL CHEMISTS

INCORPORATED
IN QUEENSLAND

eyt

Jent: PECASUS COLD

LABORATORY REPORT

. -

LTD. po B0

and Laboratory
PTY 32 Smnu s«:w s:-nom Q 4053
66. Everton Park, Q 4053

Phone (07) 352 5577.
Fax: (07) 352 5108.

Porth Laborstory
Lot 197 Victoria Road. Malaga. WA 6062 Orange Laborstory
Phone: (09) 249 2088. Fax: (09) 249 2942. 10 | eewo0d Dri

Towneville
21 Bombala Sreet, Garbutt, Q. 4814
Phone. (077) 79 9155. Fax. (077)799 729.

Charters Towers Labov
Pnone: (077) 87 4155 Fax (077,87 4220
Sendigo
127A Victoria Street, Eaglehawk, Vi

Phone: (054) 46 1390. Fax: (054)48'30

ve, Orange. NS W w2600}
Phone: (063) 631 722. Fax (063) 631 18¢

Page 2 of 5
-ddress: 63 EXHIBITION STREET
MELBOURNE
vVIC 3000 Batch Number: ce2¢-1
ontact: MR T SUMMONS *o. of Samples: 142
Date Recsived: 08703790
sderNo.  LETTER Sampie Type: DRILL Date Completed: 03/04/90
As Ni Cr
SAMPLE NUMBER ppa PpM -7 )
G004 G001} G001
BC? 31 200 2850 1000
_____BCY 32 is _760 105
BC9 33 6 819 270
BC9 34 4 2200 320
BCY9 35 19 1050 1850
—__BC9 36 44 120 810
BCY 37 100 400 430
BC9 38 S0 970 470
BCY 39 60 165 470
BCY 40 42 108 118
8C9 41 30 70 170
BCY 42 270 SS 110
BCY 43 1000 95 50
BCY 44 120 115 30
BCY 45 105 15 20
BCY 46 00 11$ 25
BCY 47 17 150 15
BC10 1 N.R. N.R. __N.R,
BCio g 5 === ===
BC10 3 S == ===
BC10 4 9 ——- —o=
8105 22 === ===
BC10 6 s ——- -
BC10 7 30 -—— o==
BC10 ¢ s e ——
BC10 9 70 —— ==
BC10 10 e bustnahed
BC1t 1 400 190 1050
BC1y & __240 85 250
BCi1t 3 195 60 850
Jetection Limit: 1 S S
Jomments:
e

rorm aLs OfSE

18 Drew Street. Charters Tow ars. O 4824




. - N
- . . > ' ~

Brisbane Head Tfice and L c Tow o

Austral 1 a n Laboratory SeerceS VD, 32.Shand Srreet. Stafiord. Q 4053 " 180rew s....?’?;n.m.s Towers. Q 48,

PO Box 66, Evlﬂon Park. Q 4053 Phone (077)87 4155 Fax (077)87 4220
Phone (07)352 55

Fax (07) 352 51 127A v'.,c‘;g‘,.‘sc"'.;{ E;i‘.ﬂhm‘ vic gar, :
CONSULTING ANALYTICAL CHEMISTS by Frone 5204a 5% For 63946130
INCORPORATED Phone: (09) 249 2988. Fax (09) 249 2942 4o Lmlm Drive, |°’.‘9. NS w 2800
~ue  LABORATORY REPORT e St oY b Phone: (063) 631 722. Fex: (063) 631 18

n Q. 49814
Phone (077) 799155 Fn {077)799 729

f ‘--|

ient: PEGASUS GOLD Page 5 o g
ddress: 63 EXHIBITION STREET
MELBOURNE
vie 3000 Batch Number: c426-1
ontact MR T SUMMONS No. of Samples: 142
Date Received: 08/03/90
rderNo.  LETTER Sample Type: DRILL Date Completed: 03/04/90
SAMPLE NUMBER Onit :;. :;. g;.
Method
G004 G001 6001
_BC11 4 130 8s 1300
—— BC11 S5 10 178 1400
___BCi11 6 44 1085 1850
BC11 7 28 480 3650
—_BCii1 8 10 2050 7950
BC11 9 120 1450 _3180
—__BC11 10 -320 67150 4500
BC11 11 s30 9400 5750
—BC1t 12 530 6650 4850
BC1t 13 420 £100 2150
BC11 14 370 4300 _3150
. BC1Y 1S 420 3550 2150
150 ~— —
BCI1 17 9s e o=
BC11 18 118 ~—- —
BC11 19 70 -—- -
BC11 80 6S === ===
BC11 21 65 - ==
BC11 g2 15 - -
BC1t 23 50 === ——
BC11 24 ;_Q et ——
BC11 85 5 -~ ——=
BC11 26 95 === e 7
BC11 27 65 -—- ——
BC11 28 60 - ——
BC11 29 36 ~—— ——-
BC11 30 28 -— ——
BCY11 31 16 - -—
BC11 32 9 —-——- -—
Belt 33 4 —~— -——
etection Limit: 1 S S \’

~omments: *_ %R et/ 76— e LAG_‘_,-\ o BdA_Are 46'7/7-

FORM ALS OV



INCORPORATED
N QUEENSLAND

MELBOURNE
vVIC

dient: PEGASUS COLD
-adress: 63 EXHIBITION STREET

3000

Austrahan Laboratory Serv1ces

CONSULTING ANALYTICAL CHEMISTS

LABORATORY REPORT

Brisbane Head Office and L

32 Snand Snaot Statiord. O 4053
Evmon Park. O 4053

Phono (07) 3525577

Fax (07) 352 5109.

Perth Laborstory

Lot 197 Victonia Road, Maiags

Townsville Laborstory
21 Bombala Street. Garby!

" Q 4814
Phone. (077) 79 9158 Fn {077)799 729

WA 6062
Phone (09) 249 2068, Fax (09) 249 2042 5 e Labo-atory

s lowers L
18 Orew Stree!. Charters Tonrs Q 482
Phone (077)87 4155 Fax (077)87 4224

Labore!
ma s#'u’e- iehawk, Vic. 35
Phone: (054) 46 1390. Fu (054) 46 138

Orange. N
Phone: (063) 631 722 Fax (033) 631

Page 4 of 5

Batch Number: c426-1

ontactt MR T SUMMONS No. of Samples: 142
Date Received: 08/703/90
rderNo. LETTER Sample Type: DRILL Date Completed: 03/04/90
. Element As Ni Cr
SAMPLE NUMBER Unit ppe ppR Pp®
Method G004 G001 G001
BC11_ 34 . - ket ke
_ BC11 35 12 -—- ==
— BC11 36 6 ——= ===
BC!1 37 32 === e
BC1t1 38 18 === ==
BC11 39 13 === === [
BC11 40 3 -=- === |7
BC12 1 15 === S==
BC12 2 80 === ===
T BCi2 3 110 -——- -
BCi12 4 145 === ===
BCi2 S _60 === ===
BCt2 6 70 eaddhed —==
BC12 7 80 === ===
BCi2 8 290 === ===
BC12 9 230 == ===
BCi2 10 70 —— -
BCi12 11 60 === ===
BC12 12 135 === e
BC12 13 _8s5 m== ===
BC12 14 90 === ===
BC12 185 450 == ===
BCt12 16 370 === —==
BC12 17 190 ——- ——-
BCi2 18 24 === ===
BC12 19 8 === i
BC12 20 3 - ===
BC1E 21 1 === ===
BCi2 22 3 " -
, BCi2 23 2 - -
Jetection Limit: 1 s S

Jomments:

FORM ALS O



B

. h¢ 8risbane Head Office and Laboretory Charters Towers Laboratory 8
Australian Laboratory Services e O R O
one

Sendigo Laboratory
Fax (07) 352 $109. 127A Victoria Sireet, Eaglehawk, Vic 35

CONSULTING ANALYTICAL CHEMISTS mm;‘;ﬂm Malaga, wa 6osz O™ (054) 481380 Fax (054; 46 1365 :

s LABORATORY REPORT Toumavile Lavorstory ot hiaemeea Otk Orange s ool

N NSLA 3 . .

UEENSLAND 21 Bombaia Street. Garbutt, Q 4814
Phone: (077) 79 9155 Fax (077)799 729

-1

ent: PEGASUS GOLD Page g o g
idress 3 EXHIBITION STREET
MELBOURNE
VIC 3000 Batch Number: c426-1

sntact. MR T SUMMONS No. of Samples: 142
Date Received: 08/703/90
rderNo. LETTER Sample Type: DRILL Date Completed: 03/04/90

As Ni
SAMPLE NUMBER Unit
Method PP® Pp® Ppm
C004 G001

Iz
34
b
o
o
o
s

‘A

i

14

(g

-

-

&

-

-t s

E

W

Y
QAOOIOPMA&UM&DPMHNMQ-OHP

w
(2]
-
-
o
u
-

Jetection Limit:

-omments:

FORM ALS O



C R .v i ’

. 3 g drisbane Head Jffice and Laboratory Che-tere lowers Laboretory
Austra lan l |ab0rator berVICeS PTY. 32 9nang Steet, Stattord Q 4053 18 Drew Stieet Charters Tower, O 482
LTD go so;osrs Jesdzaggrn’p.mo 4053 Phone (077)87 4155 Fax (077,87 422
hone (07) Lebor,
Fax (07) 352 5109 v.m.w\’:non. sm Eagienawk. vic 35

CONSULTING ANALYTICAL CHEMISTS Perth Laboralory Phone 054145 1380 Féx (054) 46 1363

Lot 197 Victonia Road, Malaga. WA 6062
Phone (09) 249 2988 Fax (09) 249 2542 Labor,

.5 Otange atory
N OuEEnG, and LABORATORY REPORT Townevile Loborstory az.u‘ T Brere e A RO e el

S Y 1 Phone (077)79 9155 Fa- '27/7)799 729

ent: PEGASUS GOLD Page
adresss 63 EXHIBITION STREET
MELBOURNE
vVIiC Batch Number: c474

.ontact: MR T SUMMONS No. ot Samples: es
Date Received: 307703790
_rder No EX BATCH C426 Sample Type: PULPS EX C426 Date Completed: 03/04/90

Ni cr
SAMPLE NUMBER ppm ppm

6001 G001

BC11-16 630 330
BC11-17 400 80
BC11~-18 500 60
BC11-19 320 70
BC11-20 350 90
BC11-21 650 S0
BC11-22 850 110
BC11-23 670 35
BC11-24 410 2s
BC11-25 830 170
BC11-26 360 30
BC11-27 _20
BC11-28 45
BC11-29 190
BC11-30
BC11-31 90 "
BC11-32 90 D CLIK stagesrssansorpacsssons saeasssssesnse
BC11-32 10
BC11-34 1685
BC11-35
BC11-36
BC11-37 188
BC11-38 95
BC11-39 60
BC11-40 40

Tetection Limit:

Jomments:




r

Jlient: PEGASUS GOLD

Australian Laboratory Services=

CONSULTING ANALYTICAL CHEMISTS

~aeve  LABORATORY REPORT

PSSP

Brisbane Head Office and Labors Charters Towers Labuorstory ]
32 Shand Srreet. Statlora, Q. 4053 18 Orew Syeet. Chaners Towers. O ¥
PO 8ox 66. Everton Park. QO 4053 Phone_(077) 87 4155 Fax (077) 87 4220,
Phone: (07) 352 §577. Laborstory

Fax: (07) 352 5100. m;;m Sveet, Eaglehawk, Vic.
Porth Phone: (054) 46 1390. Fax: (054) 48 1304
Lot 197 Victoria Road, Malaga, WA. 6082. Graage Laborstary

Phone: (09) 249 2988. Fax: (09) 249 2942 10 Leewood Drive, Orange. N.S.W. 2800
Towneville Laborstery Phone: (083) 631 722. Fax: (083) 631 1

21 Bombala Svest. Garbul. Q. 4814.
Phone: (077) 79 915S. Fax: (077) 799 729

ddress: 63 EXHIBITION STREET
MELBOURNE
vIC 3000 Batch Number: c441-1
‘ontact MR K MORRIS No. of Samples: 87
Date Received: 15/703/90 B
Jrder No. LETTER Sample Type: DRILL Date Completed: 29703790
As
) SAMPLE NUMBER ppa
. G004
P BC13 1 N.R
_BC13 2 10
BC13 4 34
—_BC13 5 46
— _BC13 6 1s
_BC13 7 as
— - BC13 8 14
_BC13 9 36
—BC13 10 150
BC13 11 a0
_BC13 12 138
—BC13 173 10
Be BC13 14 90
Ly —_BC13 15 19S5 —_
— BC13 16 46
BC13 17 170
——___BC13 18 180
_BC13 19 195
—BC13 20 220
—BC13 21 140
BCi4 1 105
26
BCi14 3 19
_BC14 4 15
_____kCi4 S 13
____BCi14 6 20
BCi14 7 28
16
BC14 9 17
Jetection Limit: 1
~omments:

UNLESS NOTIFIED PULPS WILL BE DUMPED ON 15709790 AND SPLITS (IF ANY) ON 15/06/90

Signed: .ﬁ W

FORM ALS O1




Australian Laboratory Servicesm fmSnTacd ™ ittt

s. 0 48
Phone: (077) 87 4155 Fax (0")07 0

Phone: (07) 352 5577
Fax: (07) 352 5100. ST 0D Labarstery
CONSULTING ANALYTICAL CHEMISTS Pormoborstoy |, Phone (Do 48 150 P (0641 6 18
ORPORA Phane: Orange Laborstory
e LABORATORY REPORT oo Labersrs B PR B e

m)nmgﬁ‘:‘ioiana
ay
rent: PECASUS GOLD Page o of
‘adress: 63 EXHIBITION STREET
MELBOURNE
vic 3000 Batch Number: c441-1

.ontact: MR K MORRIS No. of Samples: 87

Date Received: 15703/90
Jrder No. LETTER SampleType: DRILL Date Completed: 29703790

Element As
0 SAMPLE NUMBER Unit ppa
W G004

BC14 11 15

____BC14 12
. BC14 13 18
BC14 14 10
. BCi4 15 13
_—__BC14 16
BCi14 17

BC14 19

BC14 20

BC14 21 1
BCi14 28
BCi4 23
BC14 24

BC14 25 .
y BC14 26
BC14 27
BC14 28
BC14 29
/ BC14 30
BCi4 31
BC14 32
BC14 33
BC14 34
BC14 35
BC14 36
BC14 37
"BC14_38
BC14 39

admomlnaamuumaaampo—mmmnd

Jetection Limit: ]

Jomments:

FORM ALS O1



2

Australian Laboratory Services i FSmi Sarei@i Sttt o

Phone (077)87 4155. rax (077) 87 4220
Phone: (07) 352 5577.

) Bendigo
Fax:(07) 352 5109. 127A Vicioria Sweet, Esgiehawk, Vic.
CONSULTING ANALYTICAL CHEMISTS m#ﬂm wa 6osa TT0n: (054146 1390 Fax:(054; 46 1300
Phone: (09) 249 2068 Fax. (05) 249 2942 S Tre® Larstory , S
me=ts  LABORATORY REPORT Townevie Lobrskory UESRRTCE L

21 Bombala Sreet, Gartun, Q 4814
Phone: (077) 79 M55, Fax: (077) 799 729
§  ent PEGASUS GOLD Page 39 38
R§| dess 63 EXHIBITION STREET ;e
: MELBOURNE ’

ontact: MR K MORRIS No. of Sarrples: a7
Date Received: 15703790
irder No LETTER Sample Type: DRILL Jate Completed: 29/703/490

: Element As
s SAMPLE NUMBER Unit

:. Method ppe
R G004

— BC14 40
—  BC14 4y
,_‘_,, a‘:l! !g
BC14 43
BC14 44
— BC14 45
BC14 46
BC14 47

"BC14 49

. BC14 S0
BCi4 51
BC14 S2
BC14 S3
BC14 54
BC14 SS
BC14 S6

BC14 S8
BC14 59
BC14 60
BC14 61
BC14 62
BC14 63
BC14_64
BC14 65

BC14 66

PP e

ol |
morqddmoo

|

Jetection Limit 1

somments:

rorm aLs o1



R

]

Australian Laboratory Servic

CONSULTING ANALYTICAL CHEMISTS

LABORATORY REPORT

INCORPCRATED
"N QUEENSLAND

EE]

* PO Box 66. Everton Park. Q 4053

Busbane Head Otfice and Lavojatory Charters iowers Laburatury
18 Drew Street Charters Towers 1) 482(
Phone (377)87 4155 Fax (077) 6. 4220

32 Shand Street. Stattord. G <053

Phone (07) 352 5577.
Fax.(07) 352 5109.

Lot 197 Victoria Road. Malags. W.A. 6062

Orange Laboratory
Phone (09) 249 2088. Fax: (09) 249 2942 15| eew00d Drive. Orange. NS W 2800
Phone (063) 631 722 Fax (063)631 189

Towneville Laboratory
21 Bombala Street, Garbutt. O 4814
Phone (077) 79 9155 Fax (077) 799 729

BSendigo Laboratory
127A Victotia Street, Eagiehawk, Vic 359
Perth Laboratory Phone: (054) 46 1390 Fax (054) 46 13¢

B et PEGASUS GOLD Page , of )
i dress: 63 EXHIZITION STREET
¥ MEL BOUR 'E ,
VIC 3000 Batch Number: e4:3-
ntact: ME T SUMMONT No. of Sampies: 27
) Date Received: 02/05,90
- -der No. LETTER 3ample Type: DRILL CORE Date Completed: 12/05.,90
' Element As
SAMPLE NUMBER Unit ppm
Method G004
BC15-1 220
__ BCI1S-¢ 420
- BC15-3 90
BC15-4 380
: BC15-§ 10¢€
g BC1&-6 160
BC15-7 70
BC15-2 40
‘ BC15-9 310
BC15-i0 50
BC15-11 520
BC15-12 680
I _ BC1§-13 gg)
BC15-14 290
BCi1E-15 30
BC15-16 Q1
RC1E-17 2
BCi5-i8 1
BC15-19 %
. BC1S-20 <1
- BC15-21 !
BC1S-z2 2
BC15-23 9
BC15-24 6
BC1§-C 340
- BC1S-C26 60
BC15-27 7
»
2tection Limit: 1
5

amments:

FORM ALS O1(




MINES CONSULTANCY SERVICES

Petrographic, oxygen isotope and fluid
inclusion studies, and the clay mineralogy
of core samples from DDH BC1S and
sample BCF8, Weld River area

Client: PEGASUS GOLD AUSTRALIA

Author: DrJ. TAHERI

Date: 24 AUGUST 1990

TASMANIA DEPARTMENT OF RESOUCES & ENERGY
DIVISION OF MINES AND MINERAL RESOURCES




Petrographic, oxygen isotope and fluid
inclusion studies, and the clay mineralogy of
core samples from DDH BC15 and sample
BCF8, Weld River area

by J. TAHERI, B.Sc., M.Sc., Ph.D

SUMMAKY

Brecciated silicified rocks from DDH BCI15,
drilled in the Weld River area. appear to have
been affected by different stages of silicZication
and veining. The original rocks were probably
carbonates which have subsequently been
silicified. This is indicated by relict carbonate as
inclusions in early-formed quartz crystals.

A new generaticn of two phase (liquid + vapour)
fluid inclusions was found which exhibited
consistr.it homogenisation temperatures
ranging from 254 to 281°C and low salinity (~1
wt% NaCl equivalent). Oxygen isotope analyses
of three silicifled rocks gave similar and
relatively light values from +9.9%o0 to +10.5%o.
The fluid inclusion and oxygen isotope data
indicate the involvement of hydrothermal-
meteoric fluids for at least some stages of
silicification in the area.

The identified clay minerals from four clay
samples include kaolinite, halloysite and illite,
with quartz being one of the main constituents.
The clay zones are considered to be of secondary
(redeposited) origin.

The data are based on some 30 metres of core
consisting of clay and silicified rocks.
Exploration and laboratory studies are required
for a better understanding of the rocks within
the area.

PETROGRAPHY

Four samples from the silicified rocks in DDH
BC15 were examined. The silicified rocks are
massive to porous, brecciated and are grey in
colour. They may also contain minor goethite
and limonite. Under the microscope they almost
entirely consist of quartz ranging from few
microns to few millimetres. The ccarser
cuhedral quartz crystals project into open vugs.
The rocks appear to have been affected by
several stages of silicification anc veining {fig. i).
The carly stage f silicification is fine-grained
chert or jasperoid which has repeaiedly been
aflected by later silicification and/or veining.

The later silicification is characterised by
coarser quartz crystals. A common feature of
these rocks is the occurrence of inclusions (~
5-50 um) with strong birefringence within the
carlier-formed quartz grains (fig. 2). The
inclusions may represent the remanants of
carbonate (i.e. the original rock) which has
subsequently been silicified. The minor
occurrence of carbonate was also indicated by
XRD analysts. Texturally the rocks ¢ .-e similar
to those observed to the NW of the area, which
are interpreted to ave been fcrmed by the
silicification of carbonate rocks (C. Calver, pers.
comm.). These rocks also commenly contain
carbonate? inclusions. Similar stlicified rocks
have been described by Wallace (1989) from the
Relief Canyon gold deposit, Nevaca. It should be
mentioned that it is very unlikely that the
silicified rocks would be of ultramafic origin, as
ro diagnostic inclusiciis such as magnetite,
spinel or chromite were observed. The
occurrence of vugs and lack of evidence for the
quartz crystals pseudomorphing original
ultramafic rock-forming minerals such as
pyroxene also suggest that other rock types,
probably carbonates, were the original rocks
within the area.

FLUID INCLUSIONS

Five thick sections (unpolished) from the
silicified rocks were used for the initial fluid
inclusion petrography. Samples BCF4. BCFb
and BCF8 contained useful fluid inclusions.
Two doubly-polished sections from sample
BCF8 and one from sample BCFS were prepared
for this study.

Fluid Inclusion Types

There are basically three different fluid inciusion
types or generations:

(1) One phase (liquid only) fluid inclusions

(2) Two phase (liquid + vapour) inclusions with
variable vapour-liquid ratics. These
inclusions can be classified into three
sub-types on their vapour-liquid ratios, viz:
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(a) Inclusions with very low (~5% by volume)
vapour-liquid ratios

(b} Inclusions with moderate (~20% by
volume) vapour-liquid ratios

(c) Inclusions with high vapour-liquid ratios
{60-85% by volume)

(3) One phase (vapour only) inclusions.

Types 1, 2a and 2c fluid inclusions have already
been described tn the report dated September
1989.

Type 2b fluid inclusions were only observed in
sample BCF8. They were observed only in two
planes and are characterised by very consistent
vapour-liquid ratios, small size (~5 um), and
semi-rounded shape (fig. 3).

Type 3 (vapour only) inclusicns were only
observed within the euhedral quartz crystals in
the cavities in sample BCF8 (fig. 4). They are
relatively large (~10 to 50 um) and vary in shape
from being semi-rounded to negative crystals.
The inclusions occur as individuals, in plane,
and along discontinuous fractures. They are
commonly associated with two Phase inclusions
with high vapour-liquid ratios (Type 2c).

FREEZING EXPERIMENTS

Freezing experiments on a few necked (with
small bubbles) 1ype 1 inclusions from sample
BCF4 indicated very low salinities of around 1
wt% NaCl equivalent. No attempt was made to
measure the freezing points of Type 2a
inclusions.

Type 2b inclusions exhibit very low but
consistent freezing points of around -0.5°C.
corresponding to salinities of about 1 wt% NaCl
equivalent. No CO2 or CHs was detected on
cooling of these ..uid inclusions. The low salinity
may indicate derivation from a
meteoric-hydrothermal or metamorphic fluid.
The freezing experiments on Type 2¢ fluid
inclusions were unsuccessful {see previous
report for explanation).

Several Type 3 inclusions were cooled below
-200°C in order to investigate the possibility of
the occurrence of CHy (triple point for CHy is
-182.5°C). No phase changes were observed. An
attempt was made to study the possible
occurrence of CHs by using the crushing stage
for the Type 3 inclusions. However no definite
results were obtained by this method.

HEATING EXPERIMENTS

Type 2b inclusions were used for most of the
heating experiments. These fluid inclusions
show consistent homogenisation temperatures
ranging from 254 to 281°C (fig. 5, Table 1). All
the inclusions homogenised to liquid. These
fluid inclusions clearly indicate the involvement
of a dilute moderate temperature fluid for at
least some of the silicification and the possible
gold mineralisation within the area.

Only three homogenisation temperature
measurements were made on the vapour-rich
(Type 2c) inclusions. Two of the inclusions
located on the same plane and in the same field
of view homogenised to liquid and vapour at
temperatures of around 380°C (Table 1). The
third inclusion homogenised tovapour at 372°C.
The significance of these fluid inclusions has
already been discussed in the previous report.
However, the homogenisation temperature
results obtained so far from the vapour-rich
fluid inclusions should be treated with caution.

This is mainly due to the absence of sufficient
evidence to support an immiscibility
relationship between vapour-rich (Type «¢) and
vapour-only (Type 3) inclusions. A systematic
fluid inclusion study on more samples from
different depths and locations is required to
investigate whether these inclusions have been
trapped from immiscible fluids (see previous
report) or whether they represent two
generations of fluid inclusions, although the
former interpretation is preferred. Further work
may also reveal the relationships between the
different types of fluid inclusions and how they
can be related to the possible gold
mineralisation within the area.

In summary, the reconnaissance fluid inclusion
work clearly shows that the rocks within the
area have at least been affected by a low salinity,
moderate temperature fluid (Type 2b). A
meteoric-hydrothermal or metamorphic origin
is likely. The homogenisation temperatures of
the vapour-rich inclusions and the composition
of the vapour needs to be confirmed by further
work. However, the low salinities and low CO2
contents of the fluids are similar to those
associated with gold mineralisation in jasperoid
replacements of carbonates at the Relief Canyon
deposit, Nevada (Wallace, 1989). Incidentally
this deposit 1s 90% owned by Pegasus Gold

Company.
OXYGEN ISOTOPE

Over recent years oxygen isotope studies have
become an important contributor in resolving
the problems related to ore deposition and
hydrothenmal alteration in a wide range of ore




Figure 3. Type 2b fluid inclusions. Note the consistency in thetr vapour-liquid ratios.
Sample BCF8.

R Figure 4. Typical type 2c (vapour rich) and type 3 (vapour only) inclusions. Sample BCF8.
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Table 1. Fluid inclusion homogenisation and freezing measurements, Weld River area.

Sample No. Sample Type

Inclusion *THL *THv **Tm

type

BCF8 Quartz in silicified rock

2b 251 0.5
254 -
265 C.4
263 -
261 0.3
259 -
275 0.5
272 .
269 .
265 0.2
261 -
260 -
281 03
282 -
261 0.4
258 -
253 -
262
270
263
265
259
266
260
256

2c 382 379

- 372

* Homogenisation temperature
V = Vapour

*¢ Temperature of melting
L = Liquid

250 270 290

HOMOGENISATION TEMPERATURE °C

Figure 8. Homogenisation
temperature histogram for
Lype <u NCiuswis.




Table 2. Oxygen isotope analyses of quartz and silicified rocks, Weld River area.

Sample Rock type

5'80smow (%o)

Calculated §'80 of water
smow (%o)

*300°C *400°C

BCF3
BCF8
SW2

silicified rock
silicified rock
silicified rock (quartz)

+10.4 +3.2 +6.1
+10.5
+9.9 +2.7

+3.3 +6.2
+5.6

* Homogenisation temperature

deposits. The application of axygen isotopes to
hydrothermal ore deposits has been widely
described in the literature (e.g. Taylor, 1974,
1979; Ohmoto, 198S5). The first few sections of
the paper written by Taylor (1974), describing
the basics in oxygen isotope studies, are
included as an Appendix to this report.

One quartz sample (euhedral crystals in vug)
from a siliccous rock (SW2) and two fine-grained
silicified rocks (BCF3. BCF8) were selected for
oxygen isotope analysis. The oxygen isotope
values are very similar for all the samples (Table
2). Assuming formation temperatures cf 300 to
400°C for some stages of the silicification, then
the oxygen isotope composition of water in
equilibrium varies from + 2.7%o to + 6.2%o (from
the quartz-H20 fractionation of Clayton et al,
1972). The low oxygen isotope values may
indicate the involvement of meteoric water
during the silicification and veining within the
area. The low salinity of type 2b fluid inclusions
also indicates that the fluid is ultimately of
meteoric-hydrothermal derivation. It should be
remembered that the actual formation
temperatures for the possible different
silicification stages are not known, and the
mentioned formation temperature range was
simply to illustrate the relatively low oxygen
isotope values of the fluid. A lot more detailed
work is required for more reliable
interpretations and conclusions.

XRD ANALYSIS

Four clay samples from DDH BCF 15 were
analysed to fdentify the clay minerals and to
study the possible nature of their formation (i.e.
weathering vs hydrothermal alteration). The
results are shown in Table 3.

The clay zones occur within the silicified rocks
and are up to few metres thick. Based on K.
Morrison’s field observation (pers. comim.) they
appear to have been formed along pre-existing
fractures. Kaolinite and quartz are the common
minerals, however samples BCX-1 and BCX-2
contain halloysite whereas illite is the additional
mineral in samples BCX-3 and BCX-4. Kaolinite

(Al4(Si4010)(OHg)) is the most common clay
mineral and can originally be formed as an
alteration product of feldspars, sheet silicates,
felspathoids and other silicates under
hydrothermal conditions or by weathering.

However kaolinite with a hydrothermal origin
appears to be associated with the alteration
zoning in hydrothermally-formed deposits (e.g.
Bonorino, 1959). Dickite and nacrile are the
only clay minerals/of hydrothermal origin. They
are chemically identical to kaolinite, but are
structurally different and are found in
association with quartz and sulphides in
hydrothermal environments.

Halloysite is an hydrated form of kaolinite and
commonly occurs with kaolinite. It can either be
formed from kaolinite or independent ¢. :lie
associated kaolinite (Brindley and Comer, ; 256;
Sand, 1956).

Illite is one of the clay minerals which 1is
structurally related to the micas.

The environments under which illite can be
formed include:

(a) weathering (e.g. Stoch and Sikora, 1976)
(b) sedimentary (e.g. Ireland et al., 1983)

(c) diagenetic/metamorphic (e.g. Howe-etal.,
1976), and

(d) hydrothermal (e.g. Parry et al. 1984).

Mocst of the hydrothermally-formed illite studied
so far is associated with active geothermal fields
{e.g. Beaufort and Meunier, 1983a). Illite
intersected by DDH BC 15 occurs generally at
greater depths (Table 3). It is considered to be
an indicator of the lower parts of weathering
profiles (e.g. Ste~h and Sikora, 1976; Gardner
et al., 1978). Quartz occurs as very fine to
submicron size in all the samples. Since quartz
is unaffected by weathering,. the fineness of the
quartz grains may indicate that quartz was
deposited along with the clays, possibly by




Table 3. Semi-quantitative XRD analysis of clay samples _from DDH BC15, Weld River area.

Sample no.

Depth
(m)

llite
(%0)

Kaolinite

Halloysite
(%)

Quartz
(%)

Goethite
(%)

(%)

(a) Total sample

BCX-1
BCY-2

1.4
13.5 -
BCX-3 19.4 45
BCX-4 23.2

(b) Clay fraction
BCX-1
BCX-2 -

BCX-3 55
BCX-4

75

10 15 -

15 -

85
45 - . .

15 . .

groundwater. Therefore it is unlikely that the
clay zones represent pre-existing hydrothermal
minerals or different lithological units which
have subsequently been kaolinised.

Goethite was detected only in sample BCX-1,

and is a common mineral in weathering
environments. '

- In general the clay zones are characterised by:
(a) fine to subrmicron size of quartz,

(b) restriction of {llite to lower parts of the clay
intervals,

(c) being formed along the fra: .ures, and

(d) a lack of hydrcthermal clay minerals (i.e.
dickite and nacrite).

The above-mentioned features indicate a
secondary (re-deposited) origin for the clays
intersected by DDI; BC 15.

Kaolinite may have been formed by the
weathering of illite. The association between
silicified carbonate rocks an-” clays along
fractures is perplexing. Again. referiing to the
analogy between Weld River and the Relief
Canyon gold deposit, a possible explanation of
the relationship would be pre-mineralisation
extensive solution weathering of the carbonate
units, followed by collapse with carbonate rocks
being surrounded by mud matrix derived from
a kigher stratigraphic unit (fig. 6). Deeper
drilling would be needed to test this hypothesis.

which is only tentatively suggested on minimal
evidence.
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Figure 8. Schematic cross section looking southwest through breccia zone in Cane Spring Formation.
Section drawn to show general relations between host rocks, breccia, collapse structures, and veins.
The breccia matrix, cave-fill sediments, jasperoids. and some of the collapsed Grass Valley shale
are mineralised and contain gold. All unlabelled breccia fragments are composed of limestone.
Fluorite (F), where not in breccia fragment, replaces breccia matrix or jasperoid:; d = diabase dyke.

Section not drawn to scale. (from Wallace, 1989)
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The Application of Oxygen and Hydrogen Isotope Studies
to Problems of Hydrothermal Alteration and
Ore Deposition®

Hucr P. Taviror, Jr.

Abstract

1*0,1%0 and D/H analyses of hydrothermal minerals and fluid inclusions can provide
data on temperatures and attainment of equilibrium, but they are principally useful
as isotopic tracers in determining the origin of the H:0 invoived in ore deposition.
This results from the fact that different sources of H2O in the earth’s crust, namely
primary magmatic. metamorphic, oceanic. connate, and meteoric, all exhibit charac-
teristic D and/or 80 values. Recent studies have provided quantitative data em-
phasizing the importance of meteoric H2O in many hydrothermal fluids. Epizonal
ignc sus intrusions emplaced in*o permeabie country rocks (e.g.. highly fractured
volcanic areas) act as gigantic ‘“‘heat engines” that set up long-lived hydrothermal
convection systems that persist throughout the crystallization and cooling of the
intrusion. The amounts of magmatic water in such systems are negligible compared
with the very large amounts of heated meteoric ground water. Certain epithermal
ore deposits and their associated propylitic alteration zones in volcanic terranes
(western Cascades, Tonopah, Comstock, Goldfield, the San Juan:) were formed by
such low-*0 meteoric fluids; the very high water/rock ratios imply that such ore-
bearing fluids are relatively dilute water. If the country rocks are less permeable,
as in many porphyry copper environments, less outside water is available and domi-
nantly magmatic-hydrothermal fluids are isotopically identified as the source of the
biotite-K feldspar alteration in the core zones of the porphyry stocks. A less pro-
nounced meteoric-hydrothermal circulation, perhaps involving Na-Ca-Cl brines in
the country rocks, is set up outside the stock. Such solutions are responsible for the
pyrite-sericite and hvpogene clay alteration zones in the outer portions of the stock.
These zones tend to collapse and encroach on the centrai zone with time and the Cu
ore bodies commonly occur near this boundary. At a much later stage, after erosion,
supergene clay formation may occur and this can also be distinguished from the
hypogene clay alteration by means of 6!°0 and 8D ana'yses.

Introduction The other materials in solution also provide im-
portant evidence, but variations in dissolved salts
and gases tell us principally something about the
P-T history of the solution and about the tyfles
of rocks with which the fluid came into contact.
The ultimate source of the H;O can only be
deciphered by studying some geochemical pa-
rameter based on the water molecules themselves.
Stable isotope analyses provide just such a pa-
assemblages severcly restricts  this licatior rameter, because natural waters of various origins
g y S _application. o hibit systematic differences in their deuterium
At present the most useful application lies in _ e
. O 1 S and oxvgen-18 contents. To apply these tech-
using D, H and 0,0 analyses as indicators of . ; .
g . ; A niques to ore deposits we first need to understand
the origin and history of the H.O in h-:drothermal h . L . o
fluids the natural xsotoplcb\dnauons in the various
) . . . waters that ivably 1 involved in ore
Inasmuch as H.O is the dominant constituent " conceivably could be mo ed
. . - . ...~ deposition: then we must find a way of deter-
of ore-forming fluids. a knowledge of its origin is .. he i . o § the fluid that
fundamental to any theory of ore formation. M!MNE the isotopic composition of the flui a
* Contribution No. 2336 of the Dixi  Gecl 4 formed a given mineral deposit.
ontribution No. 2436 of the Division of Geological an . ax- . st 18¢) 16
Pianetaré' Sciences, California Institute of Technology, Pa- There 'are two ways of determining ‘U O and
sadena, California 91103, D H ratios of natural hydrothermal fluids: (1) by

843

THE purpose of this review paper is 10 examine
the basic principles of hydrogen and oxvgen
isotope geochemistry that bear on the problems
of hydrothermal alteration and ore deposition.
Although isotopic analyses can, in principle,
provide determinations of the temperatures of
formation of hydrothermal mineral assemblages,
the prevalence of isotopic disequilibrium in such
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direct measurement of the fluid itself in a geo-
thermal area or of fluid inclusions in the minerals
of an ore deposit, and (2) by isotopic analysis of
mineral assemblages, calculation of temperatures
of formation utilizing various geothermometers,
and finally, calculation of D H and **O %0 ratios
of waters in equilibrium with the assemblages at
their temperatures of formation.

Although both approaches have been utilized,
there are problems involved in the actual aoplica-
tion of either of the above techniques, particularly
with respect to whether or not the isotopic ratios
are preserved during subsequent cooling of the
ore deposit. The water that is present in fluid
inclusions of oxygen-bearing minerals, for example,
undergoes exchange with the host mineral during
cooling, thus changing the O,/'*O ratio of the
fluid (Sugisaki and Epstein, 1968, unpub. data;
Rye and O'Neil, 1968). Even nonoxygen-bearing
minerals may contain secondary fluid inclusions
that are not representative of the original fluid
from which the mineral formed, especially if the
mineral is highly fractured or full of imperfections.

The following discussions are not meant to be
an exhaustive review of all the literature on this
subject. Instead, the basic principles wiil be
emphasized and the examples to be used will
largely be drawn from previous work by the
writer, his students, and his colleagues. The
general approach is to illustrate the overwhelming
amount of isotopic evidence gathered in recent
vears showing the importance of waters other than
primary magmatic water in natural hydrothermal
fluids. In particular, heated meteoric ground
waters will be shown to be a very important
constituent of many ore-forming fluids. The sug-
gestion that meteoric waters might be important
in hypogene ore deposition is a “ery old one and
was, in fact, much in vogue vntil J. F. Kemp,
W. Lindgren, and other geolog sts made such an
apparently convincirg case for the magmatic-
hydrothermal theory about 1910, Early workers
such as Van Hise (1902), Ransome (1909), and
Lawson (1914) strongly supported the idea of
deep circulation and heating o such surface
waters, but it is only with the Jlevelopment of
stable isotope geochemistry in recent years that
it has become possible to supply proof for such
ideas and to contradict much f the dogma that
has ariseii concerning M gmatic-hvdrothermal
solutions.

Equilibrium Isotope Fractionations

Although we shall not dwell on isotope geo-
thermometry in this paper, if we are to be able
to calculate isotope ratios of hydrothermal fluids

it is necessary to discuss the state of our present
knowledge concerning DD, H and "0, !*O fractiona-
tion factors for mineral-gas-water systems. Gas-
H:O fractionations as a function of temperature
can be accurately calculated by the methods of
statistical mechanics, but in general, mineral-H.()
fractionations at high temperatures must be ex-
perimentally determined in the laboratory. The
latter approach is usually extremely difficult and
time-consuming and a great deal of further work
is necessary; successful experiments have so far
been made in very few lahoratories throughout
the world.

First, some basic definitions: the isotope data
are reported as D) or §'*0, where:

5 = ( anple

. Rnlndlrd
and Rgampie is D H or 0O, %0 in the sample and
Ratandera is the corresponding ratio for the stan-
dard. We are not concerned with absolute ratios,
only with relative deviations from a standard
material, and the most convenient standard for
both oxygen and hydrogen is ocean water. A par-
ticular set of ocean water values, designated
Standard Mean Ocean Water (SMOW) by Craig
(1961) is the most common standard in present-day
use. Thus, a é-value = +10 would mean that
the sample is 10 per mil (10 parts per thousand)
or 1 percent richer in deuterium or “O than
SMOW. Negative numbers signify relative deple-
tions in the heavy isntopes,

The accuracy of determination of 8I) is about
an order of magnitude worse than for §'*O (%1 per
mil versus +£0.1 per mil). However, the natural
variations in D H are much greater than ¥or
0. '%0; hence, a 10 per mil variation represents
a very large 80O change but only a small éD
change.

Another term in common use is a, the frac-
tionation factor or isotopic partition coefficient for
two minerals or two chemical compounds (species
A and species B) :

Gap = RA RI:-

Note that from the definition of é. it follows that:

04 o8
Inaw = e
Nays = |n (l + 1,0()0) In (l + 1.0()0)

In.smuch as In(1 + € = ¢, if ¢ < 1, we obtain
the approximate relationship:

].00() In Qap = 64 - 6/;A

—1)1,000

For é-values < 10 , this approximate relation-
ship holds up very well and we can treat isotopic
distribution coeffirients by simply  subtracting

T T ———————— N

i
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é-values, which is very convenient. However, for
larger fractionations, as typically occur in the case
of D/H ratios, this can icad to errors; in such
cases the fractionation factors shou!d be divided
out to insure accuracy.

If an isotopic exchange reaction is written such
that only one of a set of exchangeable atoms in
each compound takes part, using as an example
the quartz-H,O system:

H."O + 1Si*0; = H,*0 + 1Si"0.,

then it can be shown (Urey, 1947) that a = K,
the equilibrium constant for the reaction as writ-
ten. Urey (1947) and Bigeleisen and M\layer
(1947) showed that InK for an isotopic exchange
reaction involving perfect gases closely follows
1/T* dependence over a wide temperature range
and must approach zero at some very high tem-
perature. Many mineral-H,O fractionations also
approximately follow 1,T? dependence, and this
is the reason for presenting the data in Figures 1,
2, 3, and 4 in the form of plots of 1,000 !n«a
versus 108, T2

Some calculated *Q/10 fractionation curves of
geological interest are given in Figure 1, together
with an experimental determination of the liquid
water-vapor water equilibrium. Three classes of
curves are shown in Figure 2. (1) a summary of
the available information on :nineral-H:O experi-
mental calibration curves; (2) some recent esti-
mates by Bottinga and Javoy (1973) of the
positions of these curves, based partly on theo-
retical and partly on empirical considerations; «:nd
(3) some empirical estimates from data obtained
on natural mineral assemblages. Also shown for
comparison is a single calculated curve for cal-
cite-H,0, based on some of the calculated curves
shown in Figure 1.

The estimates by Bottinga and Javoy (1973)
agree quite well with most of the calibration
curves in Figure 2, except for the quartz-H.0
curve of Clayton et al. (1972). The latter authors,
however, have pointed out the experimental dif-
ficulties encountered in the quartz-H:O sys-em
and better agreement is obtained with a set of
their data that involves partial equilibration . nd
extrapolation to complete equilibrium. This latter
calibration curve, 1,000 Ina = 3.57(10% T?) — 273,
1s the one that has been used in most isotope
geothermometry involving quartz (e.g., Tay'or,
1967 ; Shieh and Tavlor, 1969a and b; Tavlor : nd
Coleman, 1968). Use of the quartz-H.O calibrat.on
equations of Clayton et al. (1972) typically gives
geologically unreasonable temperatures of forma-
tion of mineral assemblages. Therefore, either
their equations are in error, the other mineral-H.0
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Fic. 1. Calculated equilibrium oxygen isotope fractiona-

tion factors as a function of temperature for CO--H.O and
COs-calcite (Bottinga, 1968), SO»-H:0 and CO-CO (Urey,
1947), together with the experimentally determined curve
for liquid water-vapor water (Horibe and Craig, in Craig,
1963, solid line; Bottinga and Craig, 1968, dashed line).

curves are wrong, Or isotopic ‘‘temperatures’’ do
not tell us much of anything about the orfginal
temperatures of formation of natura! mineral as-
semblages. At present, it is not readily obvious
which of the above possibilities we should choose.
However, note that at any temperature, the scat-
ter in the various quartz-H:O curves shown in
Figure 2 would lead to only about a 1 per mil
variation in the calculated §*0 values of a hydro-
thermal fluid in equilibrium with quartz.

There is at least one way to partially reconcile
the quartz-H.O curve of Clayton et al. (1972)
with the other curves on Figure 2. The waters
utilized in the experiments of Clayton et al. (1972
were not analyzcd directly; they were done by
the standard technique involving CO. equilibra-
tion at 25°C, assuming a CO;-H.O(/) fractiona-
tion factor of 1.0407. There are some indications
now that a better value for this fractionation
factor might be about 1.0412 or higher, based on
several recent studies. This would cause an up-
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Fic. 2. Experimentally determined equilibrium oxygen isotope fractionation
curves for various mineral-H/O systems: cakite-H.O (O’Nzil et al, 1969);
quartz-H4/ O (B = “partial” exchange experiments, A = “complete” exchange
experiments, Clayton et al., 1972): alkali feldspar (KF)-H-O and anorthite
(AN)-H.0 (O'Neil and Taylor, 1967); and muscovite-H:O (O’'Neil and Taylor,
1969). Also shown are some empirically derived curves: magnetite-H:O (high-
T portion = Anderson et al,, 1971, low-T portion = Wenner and Tayior, 1971);
serpentine-H#/ and chlorite-H.O (Wenner and Tavlor, 1971); kaolinite-H .0
(Savin and Epstein, 1970a); and gibbsite-H# (Lawrence and Taylor, 1971).
In addition, some calculated curves of Bottinga and Javoy (1973) and Bottinga
(19¢8, calcite-H-O) are indicated. together with two readjusted experimental
curves based on changing the CO-H:O1/; fractionation tactor at 23°C irom
1.0407 10 1.0412 (see text .

ward shift of the quartz-H.O curve of Clavton for calcite-H,0O, the other curves on Figure 2 are
et al., in Figure 2, bringing it into closer agree- not affected, either because the H.O was analyzed
ment with the other quartz-H.O curves. Except directly (O'Neil and Taylor, 1967; 1969), or be-
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cause the curves are based on empirical considera-
tions of 0/ data on natural mineral
assemblages.

In summary, in spite of the difficulties, the ex-
perimentally determined calibration curves on
Figure 2 represent the most reliable means of
calculating the §*0 values of H,O in equilibrium
with a mineral assemblage at a given temperature.
The other curves shown on Figure 2 are not in-
dependent ; they are basically determined by these
experimental curves in conjunction with data on
natural mineral assemblages. Pressure is not a
factor, bxcause the equilibrium isotopic fractiona-
tions are solely temperature dependent. The com-
position of the aqueous fluid may, however, be
important. This problem is discussed by Taylor
(1967, p. 131) and recent work by Truesdell (1971)
has shown that salinity variations may require
adjustments to be made in calculated 0 values
of hydrothermal waters. However, in view of the
other variables involved, these difficulties are of
second order and will be ignored in further
discussions.

Some calculated D/H fractionation curves of
geological interest are given in Figure 3. Note
the enormously larger values of 1,000 In a in these
systems compared to the '%0,'%0 systems. The
curves show, for example, that at equilibrium at
about 400°C, H,O will be about 400 per mil richer
in deuterium than coexisting H, gas. This means
that if equilibrium is maintained and a hydro-
thermal fluid encounters a strongly reducing en-
vironment, some of the H:O will be reduced to H,
and the latter will have a very low éD wvalue.
By material balance the remaining H;O will have
to become richer in deuterium. Therefore, reac-
tions of this type represent possible means of
changing the 8D values of the H.O in a natural
hydrothermal fluid and, for the above example,
the equations governing this change are given by:

x8D. + v8Df, = constant = 3D},

where x and y are, respectively, the mole fractions
of H;O and H: in the final (f) mixture, and the
initial (¢) material is assumed to be 100 percent
H,0. If éDyeo is —70, and as little as 5 percent
of the H:O is reduced to H., the 8D of the H.O
in the final hydrothermal fluid will be increased
by 20 per mil to $Dj, = —350. Any OH-bearing
minerals in equilibrium with this hydrothermal
fluid will therefore also be enriched in deuterium
by 20 per mil (providing they constitute only a
tiny part of the total hydrogen reservoir; if an
appreciable fraction of the total hydrogen in the
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Fi6. 3. Calculated equilibrium hydrogen isotohe frac-
tionation factors as a function of temperature for HsO-H,,
CH¢-H:, and H:0-CH, (Bottinga, 1969), together with the
exrn'mental liquid water-vapor water equilibrium curve
(Merlivat and Nief, unpub. data, 1965, solid line; Merlivat
et al., 1963, dashed line).

system is tied up in such minerals, the above
equations become slightly more complicated).

The reverse of the above situation occurs if an
H;-bearing hydrothermal fluid encounters an oxi-
dizing environment. Then the H:O will become
depleted in deuterium. Generally, all of the above
effects will be small in natural hydrothermal sys-
tems because the amounts of H.O involved are so
huge and the buffering capacities of the rocks are
limited. Also, at the normal oxygen fugacities
encountered in natural ore-forming solutions (e.g.,
Meyer and Hemley’, 1967 ; Barnes and Czamanske,
1967), only minuscule amounts of H: will be
formed (Eugster and Skippen, 1967). In particu-
lar, if carbon is present in the system, then under
reducing conditions methane generally will be an
enormously more important constituent than H,
gas and, as shown on Figure 3, the H,O-CH,
fractionation is never larger than 70 per mil. To
produce a 420 per mil change in the H.O analo-
gous to the example given above would require
that 30 percent of the H,O in hydrothermal fluid
react with carbon species to make methane. This
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could perhaps happen in a system containing
abundant graphite (Eugster and Skippen, 1967),
coal, or petroleum, but is unlikely in most hydro-
thermal environments.

Hydrogen isotope fractionation factors in silicate-
H.0 systems have been investigated at high tem-
peratures in only one laboraiory study (Suzuoki
and Epstein, 1970, 1974). Some of the results of
Suzuoki and Epstein on biotite, muscovite, chlo-
rite, serpentine, and kaolinite are incorporated
into Figure 4, together with some empirical esti-
mates of the low-temperature fractionation factors
for some of these minerals based on data from
natural mineral assemblages.

The most important results of the studies by
Suzuoki and Epstein (1970, 1974) are that the
D, H fractionations among silicates are mainly a
function of the Mg, Al, and Fe contents in the
minerals. Water concentrates deuterium relative
to all OH-bearing silicates and Mg-rich and Al-
rich minerals concentrate deuterium relative to
Fe-rich minerals. This helps explain why mus-
covite in natural mineral assemblages is invariably
richer in D than coexisting biotite, and why co-
existing biotite and hornblende generally have
similar 8D values (they also generally have similar
Mg/ Fe ratios).

Above 400°C, the various silicate-H.O D H
fractionation curves determined by Suzuoki and

HUGH P. TAYLOR, JR.

Epstein (1974) 1orm subparallel lines on a plot of
1,000 In a versus 10%/T* (Fig. 4). Below 400°C
the positions of the curves are unknown, but if
the low-temperature estimates of Savin and Ep-
stein (1970a), Lawrence and Taylor (1971), and
Wenner and Taylor (1973) are reasonably ac-
curate, all the hydrogen isotope fractionation
curves must flatten out, as shown on Figure 4.

If the curves shown in Figure 4 are approxi-
mately valid, it means that hydrogen isotope
geothermometry on silicate minerals is virtually
impossible. However, if one can independently
estimate temperatures of formation (e.g., by *0, "0
geothermometry), the curves can be used to cal-
culate accurately the 3D values of coexisting H.0.
The major problem in applying these curves to
natural mineral assemblages lies in whether or not
the primary 8D values in a mineral assemblage
are preserved during later geological events. This
is a more serious problem for D/H than for *0 /"0,
as discussed in more detail below.

Isotopic Variations in Natural Waters
Meteoric walers

The isotopic variations of HiO in rain, snow,
glacier ice, streams, lakes, rivers, and most low-
temperaure ground waters are extremely system-
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Fi1c. 4. Equilibrium hvdrogen isotope fractionation curves for various
mineral-H:O systems. For temperatures above 400°C, the curves are based
on laboratory experiments of Suzuoki and Epstein (1970, 1974). For tem-
peratures below 400°C, the curves are on empirical extrapolations to
estimated values at earth-surface temperatures (Savin and Epstein, 1970a;
Lawrence and Taylor, 1971; Wenner and Taylor, 1973) and on some pre-
liminary laboratory experiments by Sheppard and Taylor (unpub. data, lg())
on kaolinite-H.0 at 300°C.




SAMPLE NUMBER: KM/BC-1
LOCATION: Weld Rv area

SUMMARY:

These chips are of greenschist facies aphyric or sparsely
olivine+plagioclase-phyric low-Ti basaitic lavas identical to
those from the lava carapace of the Cambrian ophiolites in W
Tasmania except for the somewhat more abundant biotite in
these chips.

HAND SPECIMEN:
These are drill chips of dark grey fine-grained metabasaitic lava.

THIN SECTION:

Three of these four chips have similar textures, but all are quite
typical of the low-Ti basaltic lavas that make up much of the lava
carapace of the Late Cambrian 'ophiolite’ complexes in W Tasmania. They
are characteristically aphyric to sparsely porphyritic, with quench
textures modified by mid-greenschist facies of metamorphism. The three
chips with similar textures are sparsely olivine+plagiociase-phyric lavas
in which the small olivine phenocrysts have been chioritized, and the few
small plagiaclase phenocrysts albitized. The groundmasses of these chips
are identical, being originaily composed of fine-grained augite and
plagiociase with intersitial glass that has aitered to quartz, chiorite, tiny
leucoxene giobules and albite. Groundmass augite has altered to actinolite
during low-grade metamorphic alteration, with minor greenish brown
biotite also crystallizing with aciinolite. The coarser-grained chip is
mineralogically very similar to the groundmasses of the other chips, but
perhaps has more biotite, and has a more subophitic texture typical of
samples from further into a thick lava flow.

The presence of greenschist facies biotite in abundance in these chips
relative to other Tasmanian low-Ti basaltic lavas is notable, and suggests
perhaps, proximity to a granite. Although the chips are texturaily uniike
typical contact metamorphosed low-Ti basalts, these chips may be from
the outer regions of an aureole.
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