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TEREMENT INFORMATION

B.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 Harch 1990 when the World Heri~age Area
encroached on the south west corner of the E.L. The remaining
18.~ ~m2 lies entirely within the South West Conservation
Area.

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

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

SUMMARY OF PREVIOUS BZPLORATIOR

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

A prograaae of aapping, stream sediaent and rock chip
saapling, ground aagnetics and bedrock geochemis~ry using a
Wacker drill produced two main findings.

1) Anoaalous chrome and nickel, and possibly platinum group
aetals are associated with a talc heaatite magnetite schist.
This uni~ correlated with a aagnetic high.

2) Anoaalous gold and arsenic was encountered in a
brecciated, silicified, anQ in part cherty lithology of
unestablished origin. Part of this unit may correlate with a
aagnetic low imaediately east of the talc schis~.

During Year 5, interpretation of the geochemical and magnetic
data, together wi~h soae preliainary fluid inclusion and
petrographic work produced the following conclusions.

1) The ro~ks 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
J80oC.





BC-9

BC-14

BC-3

BC-l 34 13 metres at 0.20 ppm

10

36

69 7 metres at 0.42 ppm

99 10 metres at 0.34 ppm
10 aetres at 0.21 ppm

29

25 19 aetres at 0.84 ppa

24 5 aetrttS at 0.20 ppm

47 5 metres at 0.35 ppm

10

45 3 metres at 0.20 ppm

40 11 aetres at 0.22 ppm

21 5 aetres ~t 0.20 ppa

66 3 metres at 0.20 ppm

34 3.23 metres at 0.34 ppm
2.5 aetres at 0.74 ppa
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Between January and Karch 1990, 14 reverse circulation
percussion drill holes and one cored diamond drill hole were
drilled on the gold target previously identified. Drilling
statistics are summarised in Table 1.

3) A Morth-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 minerali~ation was proposed for the 1989-90 summer.

Table 1 Summary of Year 6 Drilling - Borril Creek

R.C. 10,302N, 10,518£ 270 -50

R.C. 10,500N, 10,540E 270 -50

R.C. 10,601M, 10,624£ 270 -50

R.C. 10,S98M, 10,574E 090 -50

R.C. 10,302M, 10,439E 090 -50

R.C. 10,502N, 10,446E 090 -50

R.C. 10,600N, 10,442E 270 -50

R.C. 10,598M, 10,397E 090 -50

R.C. 11,800M, 10.442£ 100 -50

R.C. 11,800N, 10,506E 270 -50

R.C. 12,Ou3N, 10,316E 090 -50

R.C. 11,998M, 10,367E 090 -50

R.C. 11,999N, 10,426E 090 -50

R.C. 12,000M, 10,504E 270 -50

DOH 10,302M, 10,514E 270 -50

DB'I'AILS or YBAR 6 EZPLORATIOB

SUMMARY or WORK COMPLETED IB YEAR 6

The Morth-South trending Borril Creek AulAs anomalous zone,
was drilled in the January-Karch period, 1990. rourteen 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.

" ,

TYPB GRID COLLAR CO-ORD AZIM DBCLIM. T.D.(M) MAJOR GOLD IBTBRSECTIOMS
(mag)
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Orlll hole 10cat10ns are shown on Plan ~ Appendix 2 and the
collar co-ordinar.es (exploration grld) are listed in Table 1.
Or111 logs, core photos, cross sect10ns and drlll sample
assay data are enclosed in Appendlces 3 - 6.

)n slte B,C.-~. ShO\llng
'!le\1 lookIng north.

All holes lIere drllled by a r.rack mounr.ed H13 Gemcodrll,
operar.ed by Ark No.~ Pr.y. Lr.d., Hynyard Tasmanla. ThlS
machlne (Flg. ~) I.as used because or lr.S capaclr.y r.o drill in
bor.n down hole hammer and diamond ~ore modes from a r.racked
vehlcle l.hlCh carries a 350 p.S.l. compressor and can be
Iialked from Sl e r.o Slr.e IIlr.hour. r.~e need for earth"orks as
envlronmentally lntruslve as those requlred for r.ruck
mounted or Skld mounr.ed drllls and compressors.

'.

Flg. Cameo tr~ck-mounted drlll
mlnlm~l ~n~lconment~l dIsturbance,
)r:;:';"';~ ":h-: ·I~l"j 1.;.11-='/

/
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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 or tricone roller bits, but too broken and
unstable to haaaer properly. As a result of these
difficulties the programme ~ook much longer that anticipated
and saaple recover? was poor in the most prospective
lithologies. Eleven of the fifteen holes drilled were
abandoned above their prognosed depths because of ground
conditions. Saaple quality and recovery were only marginally
iaproved , and at much greater cost, by BC-15, the only
diamond drill hole in prograame.

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
sediaentary rocks, all in part replaced by a suite of very
fine grained siliceous lithologies consisting of quartzite,
quartz breccia, quartz vein stockwork and chalcedony.

The rocks have been intruded by ? Jurassic do'~rite which was
encountered at shallow depth in holes BC-3, 4, 11, 12, 14.
The dolerite appears to close off the northern end r~ 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 uncoaformably overlain by a wedge of
Peraian glacio-aarine sedimentary rocks which thicken south
wards froa approximately grid 10,250N. Much of the prospect
area is covered with talus and slope deposit material rich
in fragaents of the secondary siliceous rock typ~s. 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 b~t by analogy with
siailar rocks elsewhere in western Tasmania it is likely ~hat

the ultraaafics are EoCaabrian-Cambrian in age.

Liaestone marble was intersected in two holes. BC-2 with a
westerly aziauth encountered a 27 metre marble unit and BC-2
(easterly azimuth) drilled 54 metres of marble and was still
in aarble at T.O. 99 metres. Assuming that both holes
interse~ted the saae marble unit and that karsting has not
produced a major thickness difference between the two sites,
then the aarble unit is interpre~ed as having an easterly dip
and 27 aetres 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 mineralisat10n is a maJor feature of
the prospectivity of this target. Photos of some of the
textures encountered in BC-IS core are shoun 1n Figs. 3. 4
and 5.

Fig. 3. Breccia zone within very fine grained replacement
quart=ite. B.C.-IS. 6.40 metres.

Petrological work by The Division of Hines and Ilineral
Resources Consultancy Servic~s (Append1x 7) shows remnants
of carbonate m1nerals as inclus10ns in the replacement quart=
from BC-IS core. This is interpreted as evidence that the
rocks were probably originally carbonates and that the marble
drilled in BC-: and BC-S may be a recrystallised but non
silicified equivalent to the replacement quart=. In BC-ll
several examples of replacement quart= drill cuttings \11th
euhedral dissem1nated spinel were observed 1n a sect10n

wh1 h 1ncluded ultramafic 11thologies. indicating that quart=
=~placemen ~las nc~ restr:~ ed to ~er1 r~actl~e ccks ~uch )5

:~r=cn3 ~$.
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Fig. 4. Replacement quart=ite showing fragmental texture,
abundant angular pits and vugs "1th iron oxide and clay
coatings. Fine white veinlets are locally developed
into a stockwork texture. Be-iS, 8.50 metres.

F1g. 5. Frac ured. ?artly decomposed replacement
quart=lte/~uart= breCCia "11th k~ollnlt~ ~l~y tIlllng
)P~., -C)'.:"'~. ':I".:: :'=.3:C-: _:fJ1~~:·.':::'
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Preliminary fluid inclusion work on surface lag
material conducted during Year 5, indicated quartz
crystallisation temperatures of 3800C. 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 mineralogy studies on core and float
fragaents. A report on this work is enclosed in Appendix 7.
The aain findings were as follows:

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

b) Liquid and vapour fluid inclusions consistently produced
hoaogenisation teaperatures ranging froa 254 to 2810C and low
salinities (analyses 1 per cent HaC~equivalent).

c) Oxygen analsys gave values around +10 per mill
suggesting that hydrotheraal/meteoric fluids rather than
aagaatic fluids were involved ir. the silicification.

d) IRD work on clavs froa BC-1S shows a down hole trend of
increasing illite: kaolinite. Hone of the clays indicative of
hydrotheraal ~nvironaent 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,
Departaent of Geology, University of Tasaania described the
rock as a low titaniua basaltic lava, typical of those
assocaited with Caabrian ophiolite coaplexes in Western
Tasaania (Appendix 7).

Despite the probleas in developing a satisfactory drilling
aethod, the prograaae successfully confirmed the zone of
anoaalous gold aineralisation indicated by the previous
bedrock saapling. Several intersections of significant
sub are grade gold mineralisation were encountered both in
the replaceaent quartz and in quartZ-free ultramafic
rocks. Table 1, shows the aajor aineralised zones with
average grade >0.2 ppa, at a cut off grade of 0.1 ppa Au.
eleven holes recorded intersections ranging froa 2.5 to 19
aetres with average grades ranging froa 0.20 to 0.84 ppa.
The best intersection was in BC-7; 19 aetres (3-22) at 0.84
pp., hosted in ultraaafic/mafic rocks, apprOXimately half of
wbich have been replaced by secondary quartzite and
chalcedony. BC-7 has a westerly aZimuth and a declination of
-~Oo so if the dip of these aineralised rocks is steeply to
the east, as is postulated for the marble unit east of BC-7
then the 19 aetre intersection of aineralisation aay be
alaost a true thickness.

In BC-1 and BC-1S zones of significant gold mineralisation
occur in replacea~nt quartz/kaolinite clay units which
appear, on the basis of solid inclusions and an absence ~f

spinel ln jrill cut~inqs to hav~ or13inally been carbonate
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the in~ersections of clean, multicoloured limestone marble in
BC-2 and BC-5 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 mappin~ and sampling.
This work, together with a search for tdlc in the altered
ultramatics, is on going and will be reported in the Year 7
Annual Report.

COIiCLUSIOIiS

The general concluslon on mineralisation control is that the
north-south trending belt of high teaperature replacement
quartz is associated with anomalous gold. but in d~tail, the
aajo~ intersec~ions occur erratically in either replacement
quart: and associated kaolinitic clay, or decomposed
ultramatic/aatic rocks. Within the aineralised quartz zones
the associated clays appear to carry similar gold grades to
the quartz (eg BC-15, 20.20 - 27.92).

Much work reaains to be done on the geology ot this gold
occurrence. It is a style of mineralisation not recognised
elsewhere in Tasmania and a good ex?aple ot the need to
explore areas and concepts outside the established
aineralised provinces in Tasmania.

PAA~IAL RILIIiOUISHHBII~

B.L. 11/84 originally covered a 25 km2 area which included
the 203 Ma 39H/76 over the Glovers Bluft silica prospect and
a butter zone covering the flood plains of th~ WeJj River.
ot the residual 21 ka2, 50\ was due for relinquishment in
Septeaber 1989 but as the World Heritage Area boundary had
not been finalised at that time, permission to postpone the
partial relinquishaent for one year was granted by the
Department )f Hines.

In Hoveaber 1989 the World Heritage Area boundary was
defined in the Weld Valley and consequently 2.5 km2 was taken
troa the S.W. corner of E.L. 11/84. At the current renewal
7.5 ka2 on the western side of the E.L. is submitted for
relinquishaent. The area is shown on the Plan 1 in Appendix
1.

All explorati~n work to date has centred on the gold and
aarble targets east ot Glovers Bluff therefore the
prospectivity of the western portion of the E.L. is unknown.
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BC 1~ CORE RECOVERY TABLE

RUN (mts) RECOVER" (mts) RECOVERY X COMMENTS

0.0 0.80 O.RO 100.-. 80 2.30 1.42 95'0

2.3',) 3.80 1.42 95
3.80 4.80 O.?O 20
4.80 5.80 0.50 ~O

5.80 6.20 0.40 100

'"
6.20 6.60 0.40 100, 6. t) 6.80 0.20 100
6.80 7.60 0.70 87 Bottom Loss
7.60 8.00 0.30 7S Bottom Los:;
8.00 8.20 0.06 30 Constant Loss
8.20 8.40 O. 10 50 Constant Loss
8.40 9.20 0.40 50 Bottom Loss
q.20 Q.30 0.07 70 Constant Loss
9.30 9.50 O. 13 6S Constant Loss
9.~0 9.60 0.10 100
9.60 9.80 0.20 100
9.80 10.30 0.32 64
10.30 10.70 0.30 75 Top Loss
10.70 11.30 0.55 92 Bottom Loss
11.30 12.80 1.33 8Q Bottom Loss
12.80 13.80 1.00 100
13.80 15.20 0.88 63 Top. Bottom Loss
1~.20 1~.BO 0.32 53 Top, Bottom LO!5S
15.80 16.20 0.40 100
16.20 17.60 0.42 30 CavIty
17.60 18.80 0.0 0 Ce-vity
18.80 19.70 0.52 58 Top, Bottom Loss
19.70 20.20 0.30 6() Mainly Top Loss
20.20 20.60 0.9n 225
20.60 21.20 0.60 100
21.20 21.80 0.26 ~~ Bottom Loss._....:.
21.80 23.00 0.25 21 "1ainly Top Lc-ss
23.00 23.20 0.20 100
23.20 23.80 0.49 82 Top LO!5s
23.80 24.50 0.55 7q Top, Bottom l.oss
24.50 2~.70 0.93 77 Bottom Loss
25.70 27.10 0.65 46
27.10 27.80 0.24 34
27.8('\ 2«;1.00 0.73 61 Bottom Loss <Cavity)
29.00 29.60 (J. 10 II' C~vity
29.60 30.30 0.0 0
30.30 30.40 0.12 120 Alternating Soft
30.40 30.80 0.3~ 88 Clayey and Hard
30.80 31.30 0.46 92 erokffn Ground with
31.30 31.70 0.10 25 Fractu,..•• and Cavities31.70 32.10 0.2~ 63 (29.00 34.20 mts)
32.10 32.20 0.50 500
32.20 3~.40 0.03 15
32.40 32.80 0.80 200
32.80 32.90 0.30 300, 32.90 33.20 0.0 0
33.20 33.30 0.0 0
3~.30 33.50 0.0 0
33. S.) 33.80 O.3(J 100
33.80 33.85 O. (J5 tOo
3-3.8S 34.00 (J. t 5 100
34.00 34.:21) (l.o ()
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Page

Batch Number: A446

No. of Samples:
Date Received:
Date Completed:

Au(R)
ppM
CHE:CKS

Signed:

CONSULTING ANALYTICAL CHEMISTS

::~:~:~~~ LABORATORY REPORT

~ '~'Australl·an Laboratory Services tTiro. ~~IS-::'=I~O:c'O~rOt' ~·s~=r~~=:':::e,~ u.,po 80.66. Ev.non Parll. 0 .053 Phone (0771874155 Fa. fonle7.2
Phone (0713525577 ...'............
Fa. (07) 352 Slot. 12iA YICloriaShet.~. VIC 35
,..~ PhoM: (0S0t) ""31O'1JI (05<t1 C613(j
Lol 197 VlCIOria Aoed. Mal.ga. WA. 8012 Or-..........,
Phon. (ot) 2•• 2tII. 'IJI (01,2492142 10 leewOOd Drive. Or..... N.S W
T........~ PhoM (013,831 722 FIJI (01311311
21 80"'.'. SIr.... Oatbun. Q 411.
Phone (077) 711155. FIJI (077) 7" 721

~LESS NOTIFIED ~ULPS WILL 8E DU"PED ON 25/07/90 AND SPLITS (IF ANY) ON 2S/04/~O

.Iient: PEGASUS GOLD
ddress: 63 EXHIBITION STREET

MELBOURNE
VIC 3000

ontact: I1R K "ORRISON

Jrder No. Sample Type: PLANT

a.m..t Au Au(R)
SAMPLE NUMBER UnIt pp. pp........

P"209 CHECKS

BCI 1
BCl 2
BCI J
BCI 4 0
BCl 5 0.04
BCl 6 0.01
BCl 7 0.02
BCl 8 0.04
BC' 9 0.05
BCI 10 0.07
BCl 11 0.04
BCl 12 0.02 0.03
BCl 13 0.08
BCl 14 0.06
BCI IS 0.06
BCI 16 0.04
BCl 17 0.05
BCl 18 0.08
BCl 19 0.04
BCl 20 0.07 0.07
SCl 21 0.16
BCl 22 0.32
BCl 23 0.12
BCl 24 0.04 0.05
BCl 25 0.12
BCl 26 0.14
BCI 27 0.26
BCl 28 0.21
BCI 29 0.09
BCl 30 0.14

)etection Limit: 0.01

~omments:



149
25/01/90
09/02/90

Page 2 of 5

Batch Number: A446

No. of samples:
Date Recetved:

Date Completed:

Au(R)
pp.
CHECKS

5.74

Au(R)
pp.
CHECKS

3.56

0.01

0.14

0.01

0.01

Signed: l'~

]000

sample Tvpe: PLANT

o.os

0.77

0.13
0.08

0.07

0.03

0.01
0.01

0.37

0.35

0.26

0.03

0.10

0.03

0.39

0.12

0.01

0.04

0.62

0.13

0.28
0.57

0.21
0.02

5.30
<0.01

<0.01

<0.01
<0.01

<0.01

K MORRISON

"·1 ';, , " \

1S
14

17
16

13

18

CONSULTING ANALYTICAL CHEMISTS

=::~;~~ LABORATORY REPORT

C2 10

A t 1- L b t S - ."..... HeHOHtee ..... L•••torrus ra Ian a ora ory erVlces m ~~S~~d~~'E:~"::.~ ~~3
Pllone (07/3525577 ........&AlIlIfIIIfr
F.ll (07) 352 5'01. '27A VlCIOritI .....~, VIC 35.....LIIlor.... Phone:(054/4I'. Faa (054/48,)8
LOl,97 ViCtOria Aoed. "alaga. N.A.1OIl ~........."
Phone (0112.' 2MI. Faa (0112.' 2t.e2 '0 Leewood onv.. Or.... N.SW
T ......, Phone: (013)13' 722. Faa: (013) 13112' eo"' Str.... GarIIuII. Q ""4
Phone: (077) 7' 1155. Faa (077) 7" 721.

BC2 12

BCl 31

BC1 34

BC2 4

BC2 11

BC1 32

BC2 7

BC2 5

BC1 33

BC2 1

Bce J

Bce 6
Bce 8

Bce 2

Bce 9

SAMPLE NUMBER

rder No.

"ontact:

:lient: PEGASUS GOLD
.ddress: 63 EXHIBITION STREET

"ELBOURNE
VIC

;omments:

Jetection Limit:



5ofJ

149
25/01/90
09/02/90

Page

Batch Number: A446
No. of Samples:

Date Received:
Date Completed:

Au(R)
pp.
CHECKS

Signed:

Au(R)
ppm
CHECKS

0.03

(0.01

3000

Sample Type: PLANT

0.01

0.01
0.03
0.04

0.04

O. 1

0.01

0.02

<0.01

<o.or

<0.01

<0.01

(0.01

<O. 1

(0.01

(0.01

(0.

(0.01
(0.01

K "ORRISON

PEGASUS GOLD
63 EXHIBITION STREET
MELBOURNE
VIC

A t 1- L b t S - B,..lNne Heeel OffICe end LalNlfatorrus ra Ian a ora ory erVlceS:JI ~~S~:d6~~'~:~'="~~~k.~~Jl3
Phone (07) 352 5577. ....~
F8Jl: (07) 352 ')101. 127A ViCtoria ...,~'.• VIC 35

CONSULTING ANALYTICAL CHEMISTS ...... LeIIotaIofr PhcIne:(~)""31O.F ... (054)""38
L0I1'7 ViClQria Aoacl. Malap, W.A. 6062 o..ee~

,NCOIl"O'lATEO LABOR~~ORY REPORT Phone: (01)24'~. F..: (ot) 24' 2142. 10 Leewood Drive. ar.nee. N.SW.
IN QUEENSlANO , .........~ "'10M: (013) 131 722. F..: (013) 1311

21 Born"'. Str.... Garbutt. Q. ""4.
Phon.: (077) 7' 1155. F..: (077) 799 729.

BC 5S

BCI 52
BC2 53

BC2 44

BCI 39

BC2 S6

Bce 42

Bce 51
Bce so

Bce 40
Bce 41

Bce 46

Bce 49

Bce 4S

Bce S4

Bce 43

Bce 37

Bce 27
Bce e8

BC2 48

BC2 30

Bce 38

Bce 29

Bce 35
Bce J6

Bee 47

Bce 34

Bce 31
Bce 32
Bce J]

SAMPLE NUMBER

ontact:

,tent:

ddress:

,rder NO.

;o.nments:

Jetection Limit:



\' -\ :.~\

CONSULTING ANALYTICAL CHEMISTS

:~:~;;~g LABORATORY REPORT

A t 1· L b t S· itrlaba.......d OffIc4t .nd Laboratorr e"a",,, Towerl L.-.tOF)us ra Ian . a ora ory erVlces r::~ JC' Stland SIr\l.I. Stafford. 0 40!l3 18 Ore. Stleet, Chillte's To.e,!> Q 482
PO Bo... 66, Evlrton Pllk. 0 SO!>3 Phon. (077) 87 41S!> F.... (077, 87422
P"one(0713525577 ......... .........,
F'1I (07) 352 5101. 127A VictOrl, Str..t. Eqle"'Wk. VIC 3S
PeIth ........." Phone: (054' 46 1380 Fp (054'46 138
Lot 197 Victoria~. Malagl. W.A. 6062 Or-.. ........."
Phone (01) 24' 211I. Fa.: (09) 249 2942 10 Leewood Drive. Orange. N.S W, 2
Tow......1AIlJorIIofr Phone (0631631 722. Fp (063'631 1
21 Bombala Str.... Garbutt. C, 4814
Phone: (077, 791155. Fill: (077) 711729

Itent';

ddress:
PE;ASUS GOLD
63 EXHIBITION STREET
"ELBOURNE
VIC

-..
3000

Page 4 of 5

Batch Number: A446

~ntaet:

,rder NO.

K "ORRISON

sample Type: PLANT

No. of samples:
Date Received:
Date Completed:

149
25/01/90
09/02/90

....... Au
SAMPLE NUMBER UnIt pp.

Method
P"209

Bce S7 <0.01
SC2 58 <0.01
BCe S9 <0.01
BC2 60 (0.01
Ice 61 <0.01
BC2 62 (0.01
BCe 63 (0.01
IC2 64 <0.01
BC2 65 <0.01
BCe 66 (0.01
IC2 67 0.01
BCe 68 N/R
BCe 69 0.02
BC] 1 <0.01
BCl 2 <0.01
Be] 3 0.01
BC] 4 <0.01
BC] 5 <0.01
BCl 6 0.02
BC] 7 0.01
BCl 8 <0.01
BCl 9 <0.01
BCl 10 <0.01
BC] 11 <0.01
BC] 12 <0.01
BCl 11 <0.01
BC] 14 <0.01
Be 1S (0.01
BC 16 (0.01
BC 17 <0.01

Jetection limit: 0.01

::;omments:

Au(R)
pp.
CHECKS

(0.01

(0.01

(0.01

Signed:

AuCR)
pp.
CHECKS









CONSULTING ANALYTICAL CHEMISTS

=~: LABORATORY REPORT
\~.. ,,: 1

A t 1· L b t S· HIIIINn. HeM Office ana UtlofalorrUS ra laD a ora Ory erVlces rg. J2S t,andSlreel.Slatlord,O 4053
. PO Bo. 66. Ev.rIOl'l Pa.-, 0 4053

• Pnon.(07)3525577 ......~
Fa. (07) 3S2 5108. '21A VICtoria SIr...1. E..,....... VIC
PettIt~ Phone: (054) 411310. Faa: (054) 46138
LOI 197 ViCIOr.. Aotd. MaJap. W.A. 6062 Or-..&.-...,
Ptlone (01) 241 2MI. F..: (01) 241 2142 10 leewood Drive. Or.... N.S.W
T.......~ Phone: (063)131 722. Faa: (013) 6311
21 BombA'a Sir'" Garbutt. Q. 4114
Ptlone (071) 711155. F..: (071) ,. 721.

.lient:

ddress
PEGASUS GOLD
63 EXHIBITION STREET
"ELBOURNf
VIC 3000

Page 3 of 6

s.tch Number: 84 1 1

ontact:

JrderNo. Sample Type: PI eH I P

No. of Samples:
Date Received:

Date Completed:

177
05/02/90
16/02/90

AuCR)
ppm
CHECI<S

SAMPLE NUMBER

Be 5 61
Be 5 62
BC S 63
Ie 5 64
BC 5 65
BC 5 66
IC 5 67
BC 68
Be 5 69
BC 5 70
Be 5 71
BC 5 72
Ie 5 73

5 74
5 75
5 76

)etectlon limit:

~omments:

<0.01
0.0\
0.11
0.01

<0.01
(0.01
(0.01
0.65
0.03

(0.01
0.04
0.04
0.08
0.05
0.13
0.04

(0.01
0.01

<0.01
(0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
0.01

<0.01
<0.01

0.01

0.01

0.74

0.03







Australl-an Laboratory Servl-ces PTY ~~~=~:O~~=;'OI' f:t::~·s~=n=~$.Q
LTD. ~ 0 Boll 66. Everton P.rk. 0 4053 Phone 10771874155 F•• 1077117 42

..hone: 1071352 5577. ~

F.. 107) 352 5101. 127A iIc:torte .....~.ViC.
CONSULTING ANALYTICAL CHEMISTS ,.,.~ Phone: (0541481310. , ..:~)481

LABOM~ORY REPORT ~71=:;":~:';)'~=: =~C::~Of .....N.S.W.
:~~~~~~ , .............., Phone: 10631631 722 , ..: 1013) 8311

21 Bombel. StrMl. Gerbuft. O. 4814
Phone: 1077) 711155. F..:1077) 7. 721

Batch Number: 841 1

lient:

ddresJ:
PECA'SOS GOLD
63 EXHIBITION STREET
MELBOURNE
VIC 3000

Pag. 6 of 6

Jntact:

rder No.

"R T SUMMONS

Sample Type: PIeHIP

No. of Samples:
Oa.. Received:
Oa.. Completed:

177
05/02/90
16/0P-/'O.... Au

SAMPLE NUMBER UnIt pp.......
P"209

Be 7 23 0.10
Be 7 24 0.04
IC 7 25 0.07
Be 8 1 0.09
BC 8 2 0.3]
I 8 ] 0.30
BC 8 .- O. 11
Be 8 5 0.12
Be 8 6 0.12
IC 8 7 0.06
Be 8 8 0.04
Ie 8 9 0.02
BC 8 10 0.03

11 (0.01
12 0.02
13 0.03
14 0.02

8 15 0.02
BC 8 16 0.02
BC 8 17 0.39
IC 8 18 0.0]
BC 8 19 0.04
IC 8 20 <0.01
IC 8 21 <0.01
Ie 8 22 0.01
BC 8 23 (0.01
IC 8 ~4 (0.01

Au(R)
pp•
CHECKS

0.31

)eteetion Limit

;ommen1S:

0.01



















A t 1· L b t S · .. 8'ielNt........ Office .ncllIIbor.tor, Ch........ 'ow.,. lIIbor.tor,US ra Ian a Ora ory erVlces r~. 3p20S~:·On.o6S6t.reE~I. Sla"~o~r;.:aa4~oSs33 18 Drew Sf/eel Charlers Towers Q 482

~
• "", ~ Phon. (011) 87 41SfI Ft. (077) 874220

• : ~ LMorMorr
-' ~ 127A ",CIO',. $1,.... bgl.".". VIC 35

. CONSULTING ANALYTICAL CHEMISTS: :'C. .' .WA.6062 ==~390F.Il(0541461.
IIIICQtllPOAATlO I,ABORATORY REftnRT .~ ~~ .(01) 249 au. f 0912492142 10 Leewood OrIYe. O,enge. N.SW 2800
'OIOUEENS"A"O • "I !""'"U T......l~ Phone:(0631631722.Fu·(C)S316311'

, • .. ~1l'9~""~ 4814.
_,.. ,I".... (077f_81y~' 77) 7" 729

.. - ...-

E423

1 ofPage

Batch Number:
...._-

.... ".

'.' "'LE' .........

\~ ..... ACTiON
I.,
~ ""'p.1l.\ " .~ ..

•
[>Ii~L c'o RE

3000

sample Type:LET1£R

PI:::GASU~. GOI.~

63 [XHI81iION ST~EET

MELBOUpl~E

VIC

lent:

Jdress:

)ntact:

rderNo.

.......
SAMPLE NUMBER UnIt......

Be 15
Be 15 2
Be 1S 3
Be 15 4
Be 1S S
iC 15 6
8e 15 7
r .... 15 8
Be 15 9
Be 15 1 0
Be 15 1 1
Be 15 12
Be 15 13
Be 15 14
BC 15 15
Ie 15 16
Be 15 17
ie 15 , e-
BC 15 1 9
Be 15 20
BC 15 Zt
BC 15 22
Be 1S 23
ie ;s ~.

Be 1c:. 2S
Be 15 26
(Sf.; 1S 27

<

.. (" K .
Au(R)

, ppm ......
CHECl($

o .01

:omments:

<TF ANY! Oh O')/Ij·':·'9













CONSULTING ANALYTICAL CHEMISTS

:=;~~ LABORATORY REPORT

Page S of 11

Batch Number: 8455

;lient PEGASUS GOLD
ddress: 63 EXHIBITION STREET

"ELBOURNE
VIC

,ontaet: "R T SU""'ONS

)rder No. EX BATCH 9411&A446

SAMPLE NUMBER

Be] 18

)MIction Umtt

AmmenIS:

3000

$arnote Type: PULP EX 8411

<,

Signed:

No. o'SMIDIeI:
Date ReceivecI:
Date Completed;

J26
23/02/90
28/02/90







CONSULTING ANALYTICAL CHEMISTS

LABORATOPY REPORT

Batch Number: 1455

Page 8;Iient: PEGASUS GOLD
.ddress: 63 EXHIBITION STREET

"ELBOURNE
VIC

,ontaet: t1R T SUt1MONS

)rder No. EX BATCH B411&A446

SAMPLE NUMBER

ICS 62
Be, '3

3000

s.mple Type: P'JLP EX 841 1

(1

No. of Sam...:
Da.. Aecetved:
D_ Complel8d:

of 11

326
23/02/90
28/02/90









5of

149
25/01/90
02/02/90

Page

NO. of Samples:

Date Received:
Date Completed:

Batch Number: A446 - 1

9

6

7

3000

5

8

10

24
"S

Sample Ty~e: P~RCUSS I ON CH I P

As
pp.
;004

LABORATORY REPORT
CONSULTING ANALYTICAL CHEMISTS

,- 0 135
1- 1 ~4~

1- 120

LETTER

!!'IfC ORPO~A. ~ t:;.
\Ifill a~JEE""SLA"'D

PE(;ASUS GOLD
63 EXHIB:rION STREET
t1ELBOURNE
VIC

Ie 1-...;.'.;;.2 --+-_--;.;16~5;_-_+_----_+_--,--__t_----__1----
BC'-'3 420

BC'-9 135

Signed: 1-~

BC1-14 490

BC1-' 1 1 5

BC1-17 220
BCI-18 240

BC1-10 270

BC'-8 100

BC1-1

BC'-6 270
BC1-7 120

BCI-2 0

BC1-S 175
BCI-4 160
BC1-] SS

IC1-1' '95

SAMPLE NUMBER

ontact

,tent

ddress

Jrder No.

)etectton Limit:

:;omments:

__-;8~C~'~-...;1~5- ---__+-~3~OO.--+------_+_----_+_----_+_----
IC1-'6 100























• I

CONSULTING ANALYTICAL CHEMISTS

:=~~~E.~ LABORATORY REPORT

A t I" L b t Se· 8'............ Offlce en" LaItotator,US ra Ian a ora ory rVlces r:R;. 32 Shand SI'eet. St.ttord. 0 4053
. PO BOil 66. Everton Pa,.. 0 ~053

Phone (07) 352 5577 ~~

Fall (07) 352 5101. 127A ViCtOria .....~. VIC 35
..... lAMr.-r Phone: (OM) 411310 F..: (054) .. ,.
lot 117 VICIOF.. "oed.......... W.A.1OI2.~~
Phone: COl) ..~. 211I. F.. (Of) 2~'~2 10 LeiIwood Driw. Of.... N.S.W 2100
, ......~ PI'IOne: (063) 631 722 Fax (063) 631 1
21 Bornbala SIr_ GartMan. Q 4114.
Phon. (077) 7' 1155. Fax (077) 7" 721

B8tch Number: C426-1

142
08/03/90
03/04/90

:Iient: PE;ASUS ;OLD
ddress: 63 EXHIBITION STREET

"EL80URNE
VIC ]000

ontact: "R T SU""ONS

,rder No LETTER sample TYPE.: DRILL..... A. Ni
~NUlIIER URI pp. pp•.......

;004 GOOl

Cr
pp.
G001

No. of Samples:
Date Received:
Date Completed:

1 of 5

)eteetton limit

~omments:

1 5 5

NLESS NOTIFIED PULPS WILL IE DU"'ED ON 08/0t/90 AND ON 01/06/'0





5of:I

142
08/03/90
03/04/90

Page

Batch Number: C426-1

No. of Samples:

Date Received:
Date Completed:

Cr
pp.
G001

Nt
pp.
G001

3000

Sample Type: DR ILL

.......
Unit

MMIIod

LABORATORY REPORT
CONSULTING ANALYTICAL CHEMISTS

,NCOIlPOR"'ED
IN OUU..Sl.....O

.• 1

LETTER

PEGASUS ;OLD
63 EXHIBITION STREET
"ELBOURNE
VIr.

A t 1- L b t S· 8r............d 'lfflce.net La.,a'or, aterter. T__ra LHor.'oryus ra Ian a ora ory erVlces Pl'YLTD' 32 Sh.nd Slreel. SI.nord, 0 4053 18 Or•• SI'.el. C....rt.rs Towers. 0 48
. PO Bo. 66. Ev.rton Park, 0 4053 Phone (on) 874155 Fa" (077) 87 42

Phon. (07) 352 5571. ....... .........,
Fa" (07) 352 5101. 121A V~ja SIr.." E8lJI.h••. VIC 35
PettIl Labor'" Phone (054)4113qo F.. (054)46138
LOl197 Victo,ia "oed. Mal.ga. W.A 6062 Or....LaIloretDrr
Phon. (01)2492118. Faa (09)2492142. 10 Leewood Drive. Or..... N.SW 2800
TOWMWIIe L.MoreIofJ Phone: (063)631 122 Faa (083)631 1
21 Bombal. SIr.... Gllbun. a. 4814
Phon. (071)711155. Faa (071) 199 721

SAMPLE NUMBER

ontact:

hent:

ddress:

t
t t t7

BCt t 18
IC11 19
BCt1 0
BCt 1 21
IC1t 22
BCtt 23
BC11 24
BC11 25 'S
BC11 26 95
Be1t 27
IC1t 28 60
BCt 1 29 36
BC1t 30 28
ICtt 3' 16
IC11 32 9
Be11 ]J 4 ---

)etection limit: 1 5 5

rder No.

~omments:





5Of5

142
08/03/90
03/04/90

Page

Batch Number: C426-1

No. of Samples:
Date Received:

Date Compluted:

5

Cr
pp.
G001

5

Ni
pp.
'001

9
4

3000

14

10

1

Sample Type: DR ILL

A.
pp.
G004

Element
Unit

tWhod

CONSULTING ANALYTICAL CHEMISTS

LABORATORY REPORT
. ,

,NCORPORA D
IN QUEENSlAND

LETTER

PE'ASUS ;OlD
63 EXHIBITION STREET
"ELBOURNE
VIC

A t I" L b t S· Bn.ane ....d OffICe .nd ul»ol.tor,us ra I an a ora ory erVlces m J2ShandSt'••I.SI.1l0Id.a 4053
po 80.66. Everton P.'II. a 4053
PllOne (07) 352 5577 .........UIIDr..,
F.. (07) 352 5'01. 127~ Vietoril SIr.... Eqleh.... VIC 35
PettIt UllDrltory Phone' (054) "11310. F.. (054) 46 '38
Lot 197 Vietor•• AOId. Miligi. WA 6062 Or-...........,
Ptlon. (01) 24' 2NI Faa (01) 24' 2'42 10 LeewOOd Drive. Orlnge. NS W 2800
T......LaIMIrIIorJ PhOne (063) 631 722. Faa (0631631 18
21 Bom~11 SIr.... Garbutt. a 4.14
Ptlone (077) 7' '1!)5 F.. (017) 789 729

'lent:

jdress:

.rder No.

SAMPLE NUMBER

'::omments:

)etection Limit:















", '

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

(1) One phase (Uquid only) fluid inclusions

fluid Inclusion tYpes

The later silicification is characterised by
coarser quartz cl)~tals. A common feature of
these rocks is the occurrence of inclusions (­
~SO 1Jl1l) with strong birefringence within the
earlier-formed quartz grains (fig. 2). The
inclusions may represent the remnants of
carbonate (f.e. the original rock) which has
subsequently been siliCified. The minor
occurrence of carbonate was also indicated by
XRD analysts. Texturally the rocks ;; .-e simUar
to those observed to the mv of the area. which
are interpreted to ~lave been fonned by the
siliciflcaUon of carbonate rocks (C. Calver. pel'S.
comm.). These rocks also commonly contain
carbonate? Inclusions. Similar sCtcl1led rocks
have been described by Wallace (1989) from the
RdiefCanyon gold deposit. Nevada. It should be
menUC'ned that it Is very unlikely that the
silicified rocks would be of ultramafic ongin. as
ro diagnostic tncluSiC:-lS such as magnetite.
spinel or chromlte 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 tht" area.

(2) Two phase (liquid + \-apour) inclusions with
variable vapour-liquid rativs. These
inclusions can be claSSified into three
sub-types on their \'apour-Hquid ratios. viZ:

Five thick sections (unpollshed) from the
silicified rocks w~re used for the initial nuid
inclusion pet! .Jgraphy. Samples BCF4. BCF~

and BCFS contained useful nujd inclusions.
Two doubly-polished sections from sample
SCF8 and one from sample BCF5 \\~re prepared
for thiS study.

There arc baslcaUyt~edifferent fluid inClusion
types or generations:

FLUID DfCLUSIONS

PETROGRAPHY

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

Petrographic, oxygen isotope and fluid
Inclusion studies, and the clay mlneralogy of

core saDlples froID DDH BC15 and s8.II1ple
BCF8, Weld River area

The Identified clay minerals from four clay
samples include kaolinite. halloysite and Ulite.
with quartz being one of the main constituents.
The clay zones are considered to be of secondary
(redepoSited) ongin.

A new generation of two phase (liquid ... vapour)
fluid inclusions was found which exhibited
consistf' .it homogenisation temperatures
ranging from 2S4 to 281"C and low salinity (-I
wt% NaCI eqUivalent). Oxygen Isotope analyses
of three sUiclftec! rocks gave similar and
relatively light val·.Jes from +9.9%0 to +10.50/00.
The flUid inc1us fon and oxygen Isotope data
indicate the Involvement of hydrothennal­
meteoric fluids for at least some stages of
silicification In the area.

Brecciated f>tUc11led rocks from DOH BCIS.
drUled in the Weld River area. appear to have
been affected by different stages of siUcllcaUon
a11d veining. The Original rocks were probably
carbonates which have subsequently been
silicified. ThiS is indicated by relict carbonate as
Inclusions in early-fonned q~artz crystals.

Four samples from the Silicified rocks in DOH
BCIS were examined. The silicified rocks an
masstve to porous. brecciated and are grey In
colour. They may also contain minOr goethite
and lJrnonJtC". Under the microscope they almost
entirely constst of quartz ranging from few
microns to few millimetres. The ccarser
euhedral quartz crystals project into open \-ugs.
The rocks appear to ha\-e been affected by
5e'\~ralstages ofsUiCUkation an<: \-eining mg. ,).
The early stage lJ silicification is fine-grained
chert or Jasperojd which has n"'pemedly been
affected by 12ter silicification and/or \Tining.



r
i
i

•
•..

,

~ ,

•..

na-e I. Sillcifled rock showing the vugs and d!lTerent generuUons oj the quartz grains.
Sample BCF5. Ffefd oj vfew 4.6 x 3 mm.

...... a. Quaru crys,als containing carbonate ftdusfons. StImpfe BCF4.



l)1>e 2b inclusions were used for most of the
heating exper1ments. These flUid incluSions
show consistent homogerusatlon temperatures
ranging from 2S4 to 281'C (fig. 5, Table 1). All
the inclusions homogenised to Uquld. These
fluid inclusions clearly indicate the Involvement
of a dilute moderate temperature fluid for at
least some of the slllciflcaUon and the pOSSible
gold mtnerallsaUon within the area.

HEATING EXPERIMENTS

This is mainly due to the absence of sufficient
evidence to support an ImmiSCibility
relationship between vapour-rich crype :.t\;; and
vapour-only rrype 3) inclusions. A systematic
fluid inclusion study on more samples from
different depths and locations Is required to
tnvestlgate whether these inclusions have been
trapped from Imm1sdble fluids (see previous
report) or whether they represent two
generations or flUid inclUSiOns, although the
former interpretation is preferred. Further work
may also reveal the relaUonships between the
dtfl'erent types of flUid tneluSlons and how they
can be related to the POSSible gold
mlneraUsaUon Within the area.

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

In summary. the reconnatssance 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 ongin
Is likely. nle homogentsatton temPeratures of
the vapour-rich Inclusions and the composition
of the vapour needs to be conflnned by further
work. However. the low salinities and low CO2
contents of the fluids are stm1lar to those
associated with gold mineralisation In jasPerold
replacements ofcarbonates at the Rrllefcanyon
deposit, Nevada (WaDace. 1989). InctdentaJly
this deposit Is 90% owned by Pegasus Gold
Company.

OXYGEN ISOTOPE

Over recent years oxygen Isotope studies have
become an Important contributor In resol\1ng
thf" problems related to ore depOSition and
hydrothennal alteration in a Wide range of ore

3

Freezing experiments on a few necked (With
small bubbles» lype 1 inclUSions from sample
BCF4 indicated very low salinities of around 1
wt% NaCI equivalent. No attempt was made to
measure the freeZing points of Type 2a
Inclusions.

FREEZING EXPERDIENTS

Type 3 (vapour only) Inclusions were only
observed within the euhedral quartz crystals in
the cavities in sample BeFS (fig. 4). They are
relatively large {-I0 to 50 J.lDl) and vary in shape
from being semt-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-llquid raUos (1)'pe 2c).

Type 2b fluid Inclusions were only observed In
sample BCFS. They were observed only in two
planes and are characterised by very consiStent
vapour-liquid ratios. small size (-S ~). and
semi-rounded shape (ng. 3).

(a) Inclusions with very low (-5% by \'olume)
vapour-liquid raUos

Types I, 2a and 2c fluid inclusions have already
been deSCribed In the report dated September
1989.

(3) One phase (vapour only) inclusions.

(c) Inclusions with high vapour-liquid raUos
(60-8S% by volume)

• 1

(b) Inclusions with moderate (-20% by
volume) vapour-liquid raUos

Type 2b InclUSions exhibit very low but
consistent freezing points of around -O.S'C,
corresponding to salinities ofabout 1 \\1.% ~aCI

equivalent. No C02 or CH4 was detected on
cooling ofthese .~uid inclusions. The low salinity
may indicate derivation from a
meteOrIC-hydrothermal or metamorphic fluid.
The freeZing experiments on 1)"Pe 2c fluid
inclusions were unsuccessful tsee previous
report for explanation).

5e\'eraJ Type 3 inclusions "'ere cooled below
-200'C in onkr to tm"eSttgate the possibUity or
the occurrence or CH4 (trtple potnt for CH4 IS
-182.S'C). No phase changes were observed. An
attempt was made to stddy the possible
occurrence of CH4 by using the crushing stage
for the Type 3 inclusions. However no definite
results were obtained by thiS method.

------~~1Iijf•.. _
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Table 1. Fluid inclusion homogenisation andfreeztng measurements. Weld River area.

Sample No. SalnpJe 1)'pe Inclusion -niL -niv ·wrm
type

BCF8 Quartz in sil1c1fied 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 0.3
282
261 0.4
258
253
262 0.5
270
263
265
259
266
260
256

2c 382 379
372

• Homogenisatlon temperature •• Temperature of melting
V: Vapour L = Uquid

12

~8

i
LL4

250 270 290

HOMOGENISATiON TEMPERATURE °C

5

Ftaure 5. Homogenisatton
temperature histogram for
type ~u UlCLu.sW; 1.:>.



Table 2. Oxygen isotope analyses ofquartz and silicif'red rocks, Weld River area.

Calculated ~laO of water
SMOW (%0)

Sample

BCF3
BCFB
S\V2

Rock type

silicified rock
silicified rock

silicified rock (quartz)

o180SMOW (%0)

+10.4

+10.5

+9.9

+3.2

+3.3

+2.7

+6.1
+6.2

+5.6

• Honlogenisation temperature

deposits. The application of oxygen isotopes to
hydrothermal ore deposits has been widely
described in the literature (e.g. Taylor. 1974.
1979: Ohmoto. 1985). The first few sections of
the paper wrttten 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 siliceous 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 of 300 to
400'C for some stages of the silicification, then
l.he oxygen isotope composition of water in
equilibrium varies from + 2.7%0 to + 6.2%0 (from
the qUartz-H20 fractionation of Clayton et at,
1972). The low oxygen isotope values may
indkate the in\'olvement of meteoric water
dUring the silicification and veining Within the
area. The low salinity of type 2b fluid inclusions
also indicates that the fluid 15 ultimately of
meteoric-hydrothermal derivation. It should be
remembered that the actual formation
temperatures fo~ the possible different
s1l1cification stages are not mown. 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 DOH BCF 15 were
analysed to identify the clay minerals and to
study the possible nature of their formation (i.e.
weathering vs hydrothermal alteration). The
results are shown irl Table 3.

The clay zones occur \\ithin the silicified rocks
and are up to few metres thick. Based on K.
MorriSon's field obsen'ation (pers. conun.) they
appear to have been formed along pre-existing
fractures. Kaolinite and quartz are the common
minerals. however samples BCX-l and BCX-2
contain halloysite whereas illite is the additional
mineral in samples BCX-3 and BCX-4. Kaolinite
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(Al4(S1401O)(OHa)) is the most common clay
mineral and can originally be formed as an
alteraUon product of feldspars. sheet silicates.
felspathoids and other silicates under
hydrothermal conditions or by weathering.

However kaolln1te with a hydrothermal origin
appears to be associated with the alteration
zonJ.ng in hydrothermally-formed depOSits (e.g.
BonOrino. 1959). Dickite and naclile are the
only clay m1neral~ofhydrothermal origin. They
are chemically identical to kaoltntte, but are
structurally different and are found in
association with quartz and sulphides in
hydrothermal envirorunents.

Halloysite 15 an hydrated form of kaolinite and
commonly occurs with kaol1nlte. It can eiel~:-be
formed from kaolinite or independent (. :::e
associated kaolinite (Brindley and Comer. : 956;
Sand. 1956).

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

The envtromnents under which illite can be
formed include:

(a) weathertng (e.g. Stech and Sikora. 1976)

(b) sedimentary (e.g. Ireland et al.• 1983)

(c) diagenetic/metamorphic (e.g. Howet et at.
1976). and

(d) hydrothermal (e.g. Pany et at. 1984).

Most of the hydrothermally-fonned illite studied
so far is associated with active geothermal fields
(e.g. Beaufort and Meunier. 1983a). Illite
intersected by DOH 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. Sto,;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 fmeness of the
quartz grains may indicate that quartz was
deposited along with the clays. pOSSibly by



Table 3. Semi-quantitative XRD analysis ofclay samplesfrom DDH Be15. Weld River area.

Sample no. Depth Illite Kaolinite Halloysite Quartz Goethite
(m) (%) (%) (%) (%) (%)

(a) Total sample

BCX~1 1.4 55 5 35 5
BCY-2 13.5 75 10 15
BCX-3 19.4 45 40 15
BCX-4 23.2 10 65 25

(b) Clay fract10n

BCX-l 80 10 10
BCX-2 85 15
BCX-3 55 45
BCX-4 10 90

groundwater. Therefore it is unlikely that the
clay zones represent pre~ex1stinghydrothermal
minerals or different lithological units which
have subsequently been kaolinised.

Goethite was detected only in sample BeX-I.
and is a common mineral in weathering
enVironments.

In general the clay zones are characterised by:

(a) fine to submicron size of quartz.

(b) restricUon of nUte to lower parts of the clay
intervals.

(c) being formed along the fra, \II r ('s. and

(d) a lack of hydn.thennal clay minerals (i.e.
dickite and nacrtte).

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

Kaolinite may have been formed by the
weathering of illite. The association between
silfcified carbonate rocks an r1 clays along
fractures is perplexing. Again. refemng to the
analogy between Weld River and the Relief
Canyon gold depOSit. a poSSible explanation of
the relationship would be pre~mineraliSaUon

extensive sl))ution weathering of the carbonate
units. followed by collapse with carbonate rocks
being surrounded by mud matrix derived from
a tlgher stratigraphic unit (fig. 6). Deeper
drilling would be needed to test thiS hypothesis.
which is only tentatively suggested on minima)
e\;dence.
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The Application of Oxygen and Hydrogen Isotope Studies
to Problenls of Hydrothemlal Alteration and

Ore Deposition0

HUGH P. TAYLOR, JR.

Abstract

1~0/160 and D/H analyses of hydrothermal minerals and fluid inclu:;;ions can pro\'ide
data on temperatures and attainment of equilibrium, but they are prindpally useful
as isotopic tracers in determining the origin of the H20 in\"oi\"ed in ore deposition.
This results from the fact that different sources of H20 in the earth's cru~t. nameh'
primary magmatic. metamorphic. oceanic. connate. and meteoric, all exhibit chara~­
teristic 00 and/or olSO values. Recent studies han~ provided quantitatin data err.­
phasizing the importance of meteoric H 20 in many hydrothermal fluids. Epizonal
ign l JUS intrusions emplaced in~o permeable country rocks (e.g.. highly fractured
volcanic areas) act as gigantic "heat engines" that set up long-li\'ed hydrothermal
convf'ction systems that persist throughout the crystallization and cooling of the
intrusion. The amounts of magmatic water in su~h systems are negligible compared
with the very :arge amounts of heated met~oric ground water. Certain epithermal
ore deposits and their associated propylitic alteration zones in volcanic terranes
(western Cascades, Tonopah, Comstock, Goldfield, the San Juans) were formed by
such low_180 meteoric fluids; the \'ery high water/rock ratios imply that such ore­
bearing fluids are relatively dilute water. If the COil ntt;· rock!' are less permeable.
as in many porphrry copper eO\'ironments, less outside water i~ a\'ailable 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. .\ less pro·
nounced meteoric-hydrothermal circulation, perhaps iO\'ol\'lng Xa-Ca·CI brines in
the country rock... is set up outside the !'tock. Such solutions are responsible for the
pyrite·"ericite and hypogt''1e clay alterati(m zone" in tIl<' ()uter portions of the "tock.
These zones tend to l.ollapse and encroach on the centrai wne with time and the Cu
ore bodies commonly occur near this boundary. At a much later stage, after erosion,
supergene day formation may occur and this can also be di~tinguished from the
hypogene clay alteration by means of Ol~O and ~D ana!y~es.

.........'.".

-~

Introduction

THE purpose of this review paper is to examine
the basic principles of hydrogen and oxygen
isotope geochemistry that bear on the problems
of hydrothermal alteration and ore deposition.
Although isotopic analyses can, in princirle,
provide determinations of the temperatures of
formation of hydrothermal mineral assemblages,
the prevalence of isotopic disequilihrium in such
assemblages se\'erdy restricts this application.
At present the most useful application lies in
using D, H and lX)!'l~ analyses as indicators of
the origin and history of the H ~O in h~'df'Othermal

fluids.
Inasmuch as H~O is the dominant constituent

of ore-forming tluid5'. a knowledf;c of its origin is
fundamental to any theory of ore formation.

• Comribut ion :'\0. 2·B6 of the Di\'i~ion (If C'.eotogicat and
Pian{'tar)' Sciences, California Institute of TC'chnology, Pa­
sadena, California 9110,~.

The other materials in solution also prO\'ide im­
portant e"idence, but variations in dissolved salts
and gases tell us principally something about the
p.T history of the solution and about the tyt'e5'
of rocks with which the fluid came jt)to contact.
The ultimate source of the H 20 can only be
deciphered by studying some geochemical pa­
rameter based on the water molecules themselves.
Stable isotope analyses prO\'ide just such a pa·
rallleter, bc'cause '1atural waters of \"ariom origins
exhibit systematic differences in their deuterium
and oxygen·18 contents. Tv apply these tech·
niques to ore deposits we first need to understand
the natural isotopic ,'ariations in the various
waters that conceivably could be in,'oh'ed in ore
deposition: then we I11U~t find a ,\ay of dc:t('r*
mining the isotopic composition of the fluid that
formed a gi\"en mineral dep0sit.

There are two ways of determining I'\), HO and
n H ratios of natural hydrothermal fluids: (1) hy

11 ..J .; U h '"
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direct measurement of the fluid itself in a goo·
thtrmal area or of fluid inclusions in the minerals
of an ore deposit, and (2) by isotopic analysis of
mineral assemblages, calculation of temperatures
\If formation utilizing various geothermometers,
.intl finallv, ('alculation of D Hand l!l()l6() ratio~

of waters· in t;'quiliLrium with the assemblages at
their temperatures of foru1'ltion.

.\Ithough both approaches have been utilized,
there are prohlems involved in the actual rtoplica­
tion of either of the aho,-e techniques, particularly
with rf"spect to whether or not the isotopic ratios
are preserved during subsequent cooling of the
ore deposit. The water that is pre~nt in fluid
inclusions of oxygen-bearing minerals, for example,
undergoes exchange with the host mineral during
cooling, thus changing the nO/ltI() ratio of the
fluid (Sugisaki and Epstein, 1968, unpub. data:
Rye and O'Neil, 1968). Even nunoxygen-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 cire not meant to be
an exhaustive review of all the literature on this
subject. I nstead, the basic principles wiH be
emphaSized and the examples to be used will
largely be drawn from previous work by the
writer, his students, and his col1t'agues, The
general approach i~ to illustrate the overwhelming
amount of isotopic e"idence gatherf"d in recent
years showing the importance of water~ 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 SUR­

gestion that meteoric waters might be important
in hypogene ore deposition is a ':ery old one and
was, in fact, much in vogue llntil J. F. Ken'p.
\\'. Lindgren, and other geolOR sts made SUl'h an
apparently convincir:g case f(lr the magmatic­
hydrothermal theory abollt 1911). Early ,,·orkers
such as \'an Hise (1902), Rans,~me (1909), and
Lawson (1914) stron~dy supporkd the idea of
deep circulation and· heating 01 such surfa('e
waters, but it is only with the Jcvelopment of
stable isotope Reochemistry in rf cent years that
it has become possible to supp1 y proof for ~uch

ideas and to ('ontradict much flf the dO~l1la tha t
has ariseH concernin~ tll'~~m:lti('-hyd;othermal
solutions.

Equilibrium Isotope Fractionations

AJthough we shall not dwell on isotope Reo­
thermometry in this paper, if we are to be able
to cakulate isotope ratios of hydroth(·rmal fluids

it is necessary to discuss the state of our present
knowledge concerning PI Hand no,l6() fractiona­
tion factors for mine;al-gas-water systems. Gas­
H 20 fractionations as a function of temperature
can be accurately calculated by the methods of
statistical mechanics, but in general, mineral-H~O

fractionations at high temperatures must he ex­
perimentally determined in the laboratory. The
latter approach is usuaJly extremely difficult and
time-consuming and a great deal of further work
is necessary; successful experiments have so far
been made in "ery few lahoratories throughout
the world.

First, some basic definitions: the isotope data
are reported as oD or 01"0, where:

o - ( R••mple
- t) 1,000

R.tudard

and R••mpte is 0 H or I ~/ 1"'0 in the sample and
R.,ndarcl is the corresponding ratio for the stan­
dard. "'e are not concerned with absolute ratios,
only with relative de"iations 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 \Iean Ocean "'ater (S\IO"'} by Craig
(1961) is the most common standard in pre~ent-day

use. Thus, a a-value = + to would mean that
the sample is 10 Per mil (10 parts per thousand)
or 1 percent richer in deuterium or no than
S\IO\V. ~egati\"e numbers signify relath'e deple­
tions in the he;1\·y i!"()t()re~.

The accuracy of determination of MJ is about
an order of magnitude worse than for ":to (± t per
mil versus ±0.1 per mil). Howe"er, the natural
,'ariations in 0 H are much greater than 4for
1"0, leo: henct:, a 10 per mil ,'ariation represents
a "ery large «sIX) change hut only a small on
change.

.-'nother term in common use is n. the frac­
tionation factor or isotopic partition coefficient for
two minerals or t",) chemical COll1poLnds (~p('('i('s

A and ~~('ies B) :
Q.4R = R.4 Rn .

~otc that from the definition of o. it follows that:

( aA) ( h)III n IIi = In 1 + -- -- - - In 1 + --
1.000 1.000

Illdsmuch as In (1 + f I :::::= f, if f « 1. we ohtain
the approximate rdationship:

1.000 In O.~R =::: ~A - Of;.

For '-,·alues $ 10 , this approximate relation­
ship holds up very 'H'II and we can treat isotopic
distrihution (·ot·ffirient~ hy ~itl1ply suhtractinR
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FIG. 1. Calculated equilibrium oxygen isoto~ fractiona­
tion factors as a function of temperature for CO:-H~ and
COrealcite (Bottinga, 1968), SOrH~ and CO::-CO (Crey,
1947).• together ",·ith the experimt:ntatly deter!"in~ cur~'e
for liquid water·vapor water (Honbe and Craig, an Craig,
1%3, solid line; Bottinga and Craig, 1968, da!"hf'd lint'l.

cun'es are wrong, or isotopic I'temperatures" do
not tell us much of anything about the o"ginal
temperatures of formation of natur..: 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 cJuO values of a hydro­
thermal fluid in equilibrium with quartz

There is at least one way to partially reconcile
the quartz-H:lO cun'e of Clayton et al. (1972)
with the other curves on Figure 2. The waters
utilized in the t:xperiments of Clayton tot al. (1971,
were not analyzt.J directly: they were done by
the standard technique in\"oh'ing CO 2 equilibra­
tion at 25°C, assuming a CO 2-J-I:;0(1) 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. haSl-d on
several recent studies. This would l'(H1~(;, .m \lp.

APPLICATJU.\" OF O.'{)"L'ES AAD HYDROGEX ISOTOPE STCDIES

then it can be shown (Urey, 1947) that Q == K,
the equilibrium constant for the reaction as writ­
ten. Urey (1947) and Bigeleisen and :\Iayer
(1947) showed that InK for an isotopic exchange
reaction involving perfect gases closely follow~

1/T2 dependence o,"er a wide temperature range
and must approach zero at some very high tem­
perature. llany mineral-H 20 fractionations also'
approximately follow 1/T't dependence, and this
is the reason for presenting the data in Figures 1,
2, J, and 4 in the form of plots of 1,000 In Q

versus 10'; T2.
Some calculated 110/11() fractionation curves of

geological interest are given in Figure 1, together
with an experimental determination of the liquid
water-vapor water equilibrium. Three classef of
curves are shown in Figure 2; (1) a summary of
the available information on mineral-H~O experi­
mental calibration curves; (2) some recent esti­
mates by Bottinga and Javoy (1973) of the
positions of these cun'es, based partly on theo­
retical and partly on empirical considerations; ~tnd

(3) some empirical estimates from data obtained
on natural mineral assemblages. Also shown for
comparison is a single calculated curve for t 'ai­
cite-H 20, based on some of the calculated cur\"es
shown in Figure 1.

The estimates by Bottinga and Javoy (1973)
agree quite well with most of the calibra,;on
curves in Figure 2, except for the quartz· If~O
cunre of Clayton et al. (1972). The latter auth,)rs,
however, ha,oe pointed out the experimental dif­
ficulties lncountered in the quartz-H.O sys·em
and !.Jt:tler agreement is obtained with a set of
their data that invohoes partial equilibration .ll)d
extrapolation to complete equilibrium. This lal tt:r
raJibration cun·e, 1,000 In 0 = 3.57(10' 1(2) - 2 73,
is the one that has been used in most isot.)pe
geothermometry in,·olving quartz (e.g., Tay'or,
1967; Shieh and Ta\'lor. 1969a and b; Ta,olor • nd
Coleman, 1965). r~ of the quartz-I-LO caiibraLon
equations of Clayton et aI. (1972) typically gi1e5
geologically unreasonable temperatures of forma­
tion of mineral assemblages. Therefore, either
their equations are in error, the other mineral.H~

cJ-values, ,,"hich is \~!"V convenient" Ilowcver, for
larger fractionations, ~s typic lily occur in the case
of D/ H ratios, this can jt~d tt::' errors: in such
cases the fractionation factor& sholl~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, llsing as an example
the quartz· H20 system:
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FIG, 2. Experimt"ntally determint:°d equilibrium oXl'gen i!'lOtope fractionatiun
curves fOl" various mineral-H,G systems: c:alcite--H~ (O'Xeil et aI., 19(9),
quarti-H.IJ (B - A·partial" exchange experiments, A - ··c')mplete" exchange
experiments, Clayton et at., 19i2); alkali feldspar (KF)-H~ and anorthite
(.\:\)·H~ (O'Xeil and Taylor, 19(7); and mUlCovite-H~ (O'Xeil and Taylor,
1%9). Also ~ho.;n are ~me empirically derived cun-es: magnetite-H~ (high­
T portion - .\nderson et at, 1971, lo.·-T portion - Wenner and Tayll"lr, ]971);
!l('rpentine-H,Q and chlorite·H~ (\Venner and Taylor, 1971); kaolinite-H,o
(Savin and Ep~tein, 197Oa); and gib~ite-H,o (La~·r('nce and Taylor, 1971).
In addition. 5001e calculatt'd curves of Bottinga and Ja\"oy (1973) and Bottinga
(t9f8. cakite-H ?O) ;ll"e indje3tf'd. tOji:'f'ther with t~·o rt'ad;m,ted ex~imE'ntal

curv("s bd"'cd on chaap:iniZ. the CO:-H:OI!; iractiunation letnor at ';S·C 'rom
1.0-l07 to 1.0.. 11 ("'~0t: tt:xt "

ward shift of the quartz-H ~O cun'e of Clayton
et at. in Figure 2. brin~ing it into closer a~Tl'e­

ment with the other quartz-H::O cun·es. Except

for calcite-Hz<), the other cur"es on Figure 2 are
not affected, either bec'ause the H=O was analyzed
directly (O':\t:ll and Taylor, 1967; 1969), or be-



847

• •
lo"/T' (OK)"'

4

HzO(g) - CH
4

•

Temperature (·Cl

2~U 8 8 ~
0 0

~ N " N

cYH
'400 FRACTIONATIONS

'200

1000 "?-'"
\.~'•

"?-.? ,"?-'"c..
0 100 (l~0
2

600

400

FIG. J. Calculated equilibrium hydrogen isotope (rae·
tionation (actors as a function of temperature for H,o.H,.
CH•. )-f,. and H:O-CH. (Bottinga, 1969), together .·jtb tM
e:xperimt:ntal Ii~uid ,,·ater·\'apor .·ater equilibrium curve
(Merli\'at and Nie:f, unpub. data, 1965, solid line; Merli\'at
et at, 1963, dashed line).

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

The reverse of the above situation occun if an
H,-bearing hydrothermal fluid encounten an oxi·
dizing environment. Then the H,o ".. i11 become
depleted in deuterium. Generally, all of the above
effects will be small in natural hydrothermal sys­
tems because the amount. 01 H,O invoh'cd 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.,
~Ieyer and Hemley, 1967; Barnes and Czamanske,
1967), only minuscule amounts of H, will be
lormed (Eugsrer and Skippen, 1967). In \X1rticu.
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 nC"cr larger than iO per mil. To
produce a +20 per mil change in the H,O analo­
gous to the example giYcn abo,-c would require
that 30 percent of the H,o in hydrothermal fluid
react with carbon species to make mcthane. This

APPUC.4TION OF OXYGEN A.VD HYDROGEN ISOTOPE STUDIES

.,
•

&D'BIO - &D'RI :::::J 400

xoD's:o + ylSD'H, = .constant = &D~l~

cause the curves are based on empirical considera­
tions of 1'Oj1'O data on natural mineral
assemblages.

In summary, in spite of the difficulties. the ex·
perimentally determined calibration Cliryes on
Figure 2 represent the most reliable means of
calculating the 0"0 values of H,o in equilibrium
with a mineral assemblage at a given temperature.
The other cunoes shown on Figure 2 are not in­
dependent; they are basically determined Ly these
experimental cun'dJ in conjunction with data on
natural mineral assemblages. Pressure is not a
factor, bxa.use the equilibrium isotopic fractiona­
tions are solely temperature dependent. The com­
position of the aqueous 8uid may, howe\'er, 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"0 values
of hydrothermal "raters. Ho,,-ever, in view of the
other variabl~ involved, these difficulties are of
second order and will be ignored in further
discussions.

Some calculated O/H fractionation curves 01
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 sj'stems. 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 00 value.
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 00 values of the H,O in a natural
hydrothermal fluid and, lor the above example,
the equations governing this change are given by:

where x and yare, respectively, the mole fractions
of H,o and H, in the final (f) mixture, and the
initial (s.) material is assumed to be 100 percent
H,o. If 00:'", is -70, and as little as 5 percent
of the H,0 is reduced to H" the 00 of the H,o
in the final hydrothermal fluid will be increased
by 20 per mil to 0!Y"", = - 50. .-\ny OH-Lcaring
minerals in equilibrium with this hydrothermal
fluid will the,refore also be enriched in deuterium
by 20 per mil (providing <hey constitute only a
tiny part of the total hydrogen reservoir; il an
appreciable Iraction of the total hydrogen in the
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The isotopic variations of H~O in rain, snow,
glacier ice, streams, lakes, rivers, and most 10\\'­
tempen.·.ure ground waters 3re extremely system-

Epst~in (1974) 1:>rl11 subparallel lin" on " plot of
1,000 In a '.-ersus 10'/T' (Fig. 4). Iklow 400°C
the positions of the cun'es 3re unknown, bu if
lh~ 10w-t~l11peratur~ estimates of Sa";n and Ep­
stein (1970.), Lawr~n~ and Taylor (1971), and
Wenner and Ta -lor (1973) are reasonabl)' ao­
cural~. all the hydrogen isotope fractionation
curves must flatten out. as shown on Figure 4..

Jf the curves shown in Figure 4 are approxi­
m~tely valid, it meaus that hydrogen isotope
geothermometry on silicate minerals i. virtually
impossible. However, if one can independently
estimat~temperatur~offonnation (~.g., by "0/"0
geoth~rmom~try), th~ curves can ~ t.sed to cal­
culat~ accurat~ly th~ 6D \'alues of cOttisting H,o.
Th~ major problem in applying th~ curves to
natural mineral assemblages lies in "rhether or not
the primary 60 values in a mineral auemblage
ar~ presen'ro during lat~r geological ~vents. This
is a more serious problem (or O/H than for "0/''0,
as discussed in more d~tail ~Iow.

Isotopic Variation. in Natural Waters
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could perhap. happen in a .y.t~m contammg
abundant graphit~ (Eugster and Skippen, 1967),
coal, or petroleum, but is unlikely in most hydro­
thermal environments.

Hydrogen isotope fractionation factors in silicate­
H 20 srst~ms haY~ ~n inyestigatro at high tem­
peratures in only on~ labora ory study (Suzuoki
and Epstein, 1970, 1974). Some of th~ results of
Suzuoki and Epstein on biotite, muscovite, chlo-.
rite, serpentine. and kaolinite 3re incorJX>ratt'd
into Figure 4, together with some empirical esti·
mates of the low.tempe:rature fractionation factors
for some of th~ mineraJs based on data from
natural mineral assemblages.

The most important results of the studies by
Suzuoki and Epstein (1970, 1974) ar~ lhat the
O/H fractionations among silicates are ":lainl)' a
function of th~ ~lb' .-\1. and F~ contents in the
minerals. \Vater concentrates deuterium relati,oe
to all OH-~aring silicates and ~Ig-rich and AI­
rich minerals concentrate deuterium relative to
Fe-rich minerals. This helps explain why mus­
covite in natural mineral assemblages is in\·ariably
richer in D than coexisting biotite, and why co­
existing biotite and hornblende generally have
similar 00 values (they also generally h.\\"(' simil:lr
~Ig/Fe ralios).

Above 400°C, the \'arious silicate-H,O Dj H
fractionation cun·es detemlined by SUluoki and

fiG. -to EquilibriulU hydrogell isotope fract ionatian curvea fM variou
mineral·H:O Sr~l('m. For tt:mpcrature~ above 'lOOcC. the curves are ooS<'d
on laboratory experiment!! of Suzuoki and Epstein (l9iO, 197-t). For tern·
peratures belo",' ..OO~C. the curvtl are ~Iotd on empirical atrapolations to
eSlimah..d values at tanh-surface temperatun.:s (Savin and Epstein, 1970a:
La....rence and Taylor. 1971: W('nner and Taylor. 1973) and on some pre­
liminary labor;uory ~xperim"·IlI!liby Sheppard :md T"~'lor (unpub. data. 1969)
on kaolinile-HJ) lit JOO°c.
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SAMPLE NUMBER: KM/BC·1

LOCATION: Weld Rvarea

SUMMARY:
The.e chips are of greenschist facies aphyric or sparsely

ollvine+pblgiocla••phyric low-Ti basaltic lavas identical to
those from the lava carapace of the Cambrian ophiolite. in W
Tasmania except for the somewhat more abundant biotite in
th.echips.

HAND SPECIMEN:
These are drill chips of dark grey ftne-grained metabasattic lava.

THIN SECTION:
Three of these four chips have similar texture!, 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+plagioclase-phyric lavas
in which the small olivine phenocrysts have been chloritized, and the few
smallplag~ phenocrysts albitized. The groundmasses of these chips
are identical, being originally composed of ftne-grained augite and
plagioclase with intersitial glass that has altered to quartz, chlorite, tiny
Ieucoxene globules and albite. Groundmass augite has altered to actinolite
during low-grade metamorphic alteration, with minor greenish brown
biotite also crystallizing with actinolite. The coarser-grained chip is
mineral0gica1Iy 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 ftow.

The presence of greenschist fades 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 texturally unlike
typical contad metamorphosed low-TI basalts, these chips may be frorn
the outer regions. of an aureole.
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