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SUMMARY
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intersected in core but the strength of alteration warranted

further study. Lead isotope determinations indicate a Cambrian

age for the mineralization but oxygen isotopic evidence suggests

been

intrusion

hasmetal mineralizationbaseOnly minor

Exploration Licence 39/83, of 22km', is located 13kms

NNE of Hellyer and covers a sequence of altered volcaniclastics,

sediments and minor volcanics that are most probably younger

than the Central Volcanic Sequence and Lower Dundas Group.

Previous exploration has involved geological mapping,

rock chip sampling, stream sediment surveying, EM 37 surveying,

costeaning, diamond/percussion drilling and alteration/isotope

studies.

that the alteration is local and associated with the

of dacitic porphyries.

Field evidence for the presence of intermediate lavas

has been disputed by the Mines Department who consider these

rock types to be of intrusive origin. The presence of fine

laminated chalcedonic ash beds between these intermediate rock

units and the observation of amygdaloidal textures supports the

former interpretation while petrographic work indicates

doleritic textures, favouring the latter.
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Recent down hole EM surveying of one drill hole, CRD

88-1, indicates the presence of an off hole conductor that has

not been satisfactorily explained. The lack of response

observed from a ground survey is disconcerting and may indicate

a problem of EM coupling.
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INTRODUCTION

Exploration Licence 39/83, covering 44km', was granted

to the Shell Company of Australia Ltd. on 22nd August, 1983. The

tenement was reduced by 50% in area on the 22nd August 1988 and

a separate report has documented exploration completed on the

Cattley Range. (Fig. 1).

Burnie partially within an APPM Concession and encloses the
I
I

relinquished portion. The area is located 50 kms south of

I The principal exploration target within the licence IS

massive volcanogenic base metal sulphides with type character-

These classic VMS
I
I

istics of Hellyer-Que River and Rosebery.

deposits show gross similarities in regional setting, character

deposits of similar style.I
and genesis; features that can be used in exploration for other

I
I

The gross exploration philosophy applicable to this

licence relates to the strike/stratigraphic proximity of Hellyer

Fault) north from Hellyer and the presence within the licenceI
(13kms) the continuity of a major rift margin fault (Henty

I
I
I
I
I

•

and adjacent licences of strongly altered and geochemically

anomalous lithologies (Two Hummocks, Cattley North, Basin Road).
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3. EXPLORATION COMPLETED 1988-1989

An evaluation of the alteration assemblage continued

attempted to evaluate shallow geophysical-geological targets.

Details of exploration carried out prior to the current

therm are listed in the following Billiton reports:

08.2489, 08.2887, 08.3410, 08.3545, 08.4106.

Page 3
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38 rock chip samplesIn addition,

In addition, percussion drilling was

were collected and analysed for silicates +

Ba Sr Rb La Zr Nb Y Ceo

Zr, Rb.

a total of 31 drill core samples from CRD

88-1 were analysed for silicates + Sr, Ba,

a total of six samples were submitted to the

CSIRO for lead isotope analysis. The samples

originated from both surface outcrop and

drill core.

Geochemistry

(Appendix 1)

Lead Isotopes

(Appendix 2)

2. PREVIOUS EXPLORATION

In particular, report 08.4106 "Progress Report on

Exploration for the Period 23/8/87 to 22/8/88" summarizes

previous exploration by Billiton.

during the licence term.
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Local and regional aspects of the geological setting

have been previously discussed (1988 Annual Report 08.4106) but

additional information is now available from the Mines

Department mapping project.

GEOLOGICAL SETTING

Oxygen Isotopes : a brief study was completed by Dr. G. Green

(Appendix 3) of the Tasmanian Department of Mines. A total

of seven oxygen isotope determinations and

petrological examinations were made.

Page 4
608010

a total of 214 metres of drilling was complet

-ed in three holes (CRP 88-1,2,3). All holes

were prematurely terminated in post-Cambrian

cover due to hole collapse. Consequently, no

samples were submitted for analysis.

Two short lines were completed ovcr previous­

ly identified geophysical anomalies.

Drill holes CRD 88-1, CRP 88-3 were surveyed

to determine the presence or proximity of a

conductive source.

Percussion

Drilling

(Appendix 4)

Max Min EM

(Appendix 6)

Down Hole EM

(Appendix 5)

4 .

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

•



I
I

(' - .......V1II
608011 Page 5

I
I

Several important comments are made here as they bear

directly upon previous interpretations put forth by Billiton.

I 1 ) The Mines Department consider the Cambrian sequence within

Whilst this cannot beI
the licence area to be at a higher stratigraphic level

the sequence at Que-Hellyer (Fig. 2).

than

I
proved, correlation of the sequence north of the Que-Hellyer

complex on the Cradle Link Road with that within the Cattley

economic viewpoint, this interpretation neither increases or
I
I

Range - Two Hummocks area suggests this inference.

decreases the prospectivity of the licence area.

From an

Within the

time frame expected for evolution of the Mt. Read Volcanics,

I mineralizing episodes may be expected at various time

I
I
I 2 )

stratigraphic intervals and hence it is more a function of

local volcanism than strict time equivalence with other

volcanic regimes.

The Mines Department see no evidence for the presence of a

major fault between the shallow west dipping greywacke

sequence within the Leven River and the steeply east dipping
I
I volcaniclastic sequence east of the Leven River. This

I
I
I
I
I

•

dramatic contrast in rock type and bedding attitude may well

be explained by folding but evidence does exist in the

northern costeans and drill hole CRD 88-1 to suggest a

faul ted contact. (Fig. 3).



3) The dacitic-andesitic "lavas" interpreted in drill hole CRD

88-1 are considered by the Mines Department to be of

intrusive origin. In fact, they are termed "feldspar horn­

blende porphyries". However, two facts cast some doubt on

this interpretation: viz 1) amygdaloidal textures have been

recognized; 2) finely banded chalcedonic sediments occur

between dacitic "flow" units. Contacts are sharp and the

units have been interpreted by Billiton as inter-flow

horizons.

EXPLORATION RESULTS

5.1 Percussion Drilling

Percussion drilling was attempted in the southern portion of

the licence along strike from a previous diamond drill

section (5600N). Two holes were drilled along Black Marsh

Road between lines 7100N and 7400N to test for the presence

of the Cattley Fault and for the continuation of andesitic

?lavas intersected to the south. Both holes failed to pene-

Page 6608012

economic

by Billiton to satisfy our

implications.

rock analyses may aid 1n

majorare

and whole

is requiredFurther work

5 .

interpretation as there

Further petrological work

this conclusion.
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I
I
I

trate a layer of Ordovician pebble to boulder river wash

beneath the Tertiary basalt cap and hence no satisfactory

results were achieved.

Details of these holes are summarized below and in Figures

4, 5.

I
I
I
I

Hole No
Collar Co-ords
Inclination
Summary Log

CRP 88-1
7260N 11340E
Vertical

0-20 Tertiary basalt.
20-22 Tertiary chalcedonic sediment.
22-44 Tertiary basalt.
44-49 Tertiary chalcedonic sediment.
49-64 Tertiary basalt.
64-66 Tertiary grey clays.
66-70 Ordovician pebbles, gravels of

probable river wash.
EOH 70m

Hole No
Collar Co-ords
Inclination
Summary Log

holes but not submitted for analysis.

I
I
I
I
I

Two metre

CRP 88-2
7320N 11450E
Vertical

0-12 Tertiary basalt.
12-16 Tertiary siliceous sediment.
16-22 Tertiary basalt.
22-26 Tertiary pink siliceous sediment.
26-72 Tertiary basalt.
72-76 Tertiary grey clays
76-82 Ordovician quartzite, pebble conglom­

erate, probable river wash.
EOH 82m

samples have been collected from each of the three

I
I

Percussion drilling was also attempted on line 10600N where

an earlier EM 37 survey had defined a weak near surface

conductor beneath a Tertiary Basalt cap. (Fig. 6). Although

the EM response was considered to be probably due to

suffjcient doubt to warrant a subsurface test. Accordingly,

I
I
I

conductive clay layers within the basalt there was
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a line of Max Min EM was run (see Appendix 6) across the

anomaly position to locate the anomaly precisely (the grid

has been recently destroyed by logging operations). A

vertical percussion hole was then drilled to intersect the

conditions (loose gravels, caving) prevented penetration toI
anomaly at between 50 and 100 metres. Poor ground

I
I

the lower anomaly position but a partial test was achieved.

Details of this drill hole are summarized below and in

Figure 7.

I
I
I
I

Hole No
Collar Co-ords
Inclination
Summary Log

CRP 88-3
10600N 10537E
Vertical

0- 4 Tertiary gravels, cobbles
4-14 Tertiary clays.

14-36 Tertiary basalt
36-44 Tertiary clays
44-64 Tertiary basalt
64-72 Ordovician quartzite, pebble conglo­

merate well rounded, probable river
wash.

EOH 72m Hole cased with PVC to 72m.

I Down hole EM surveying of this hole has been carried out and

it is likely that the river wash

I the anomaly. (see Section 5.5).

layer is responsible for

Sampling of drill hole CRD 88-1 has been carried out on a

I
I
I

5.2 Alteration Geochemistry

regular basis to determine down hole geochemical trends. In

completed to determine levelsI
addition, rock chip sampling from surface outcrop was

of alteration on an areal

I
I

•

basis. (see Appendix 1).
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in CRD 88-1. In detail it is noted that there is also an

intrusives.

This is

A marginal

It therefore seems

Down hole plots of CRD 88-1 are shown in Figures 8, 9.

been made between samples of drill holes CRD 86-1, CRD 88-1

one case with an intrusive quartz porphyry.

enrichment in Rb is also noted. A visual comparison has

Depletion in Na.O, Sr is sporadic and associated at least in

and surface rock chips with samples from unaltered Mount

Read Volcanics and altered Rosebery samples.

summarized below in Table 1.

TABLE 1 Comparison of Cattley Range, Rosebery & MRV

Samples

Element( Unaltered Altered CRD88-1 CRD86-1 Rock
Oxide MRV Rosebery Chips

Na.O 3.1 % 0.3 % 2.51% * 0.2% *0.27%
Sr 185ppm 21ppm *79ppm *32ppm *14ppm
CaO 0.3 % 0.2 % 2.7 % 3.27% *0.02%
TiO. 0.38% 0.27% 0.34% 0.46% 0.44%

Rb 144ppm 215ppm 130ppm N(A 151ppm
K.O 3. 1 % 4.5 % *3.79% *4.14% 3.63%
SiO. 73.8% 74.7% 66.1% 64.06% 72.73%

likely that the alteration observed is local only and due to

It is apparent from this table that alteration in CRD 86-1

intense alteration halo surrounding the quartz porphyry

intrusives, especially in CRD 86-1.

restricted hydrothermal activity in the vicinity of the

(as observed from depletion trends) is far more intense than

014
I
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mineralization within the licence however remains enigmatic.

mineralization is not related to a Devonian mineralizing

5.4 Oxygen Isotopes

Six samples from known base metal occurrences within the

licence area were submitted to the CSIRO for lead isotope

determinations. The results of this work are fully

documented in Apprendix 2 but in essence they indicate that

the mineralization has a similar signature to a typical

Page 10

samples

River/

observed

observed

the typical

of

that

5 of the 6

lower Que

60801G

paucity

verifies

The

In fact,

Rosebery and

mineralization was introduced at a

a similar source as

analysisThis

within the

systems.VMS

5.3 Lead Isotopes

Cambrian volcanogenic system.

cluster tightly

Hellyer fields.

event and also that the

similar time and from

Dr. Geoff Green of the Tasmanian Department of Mines was

engaged to carry out a short study of the CRD 86-1, CRD 88-1

drill core. Specifically it was requested that oxygen

isotopic determinations be made in an attempt to quantify

likely alteration conditions and source. Results of this

work are contained in a report by Dr. Green in Appendix 3.

Cambrian

015
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86-1 is a local feature related to a dacitic intrusive.

1. the alteration and mineralization intersected In CRD

2. the oxygen isotopic contents are not consistent with

The conclusions drawn from this study are:

Page 11
60801'1016

I
I
I
I
I
I

5.5 Down Hole EM

3. the intermediate rocks from the bottom of CRD 88-1 are

those from either Kuroko or Tasmanian VMS deposits.

carried out under the following specifications:

Certainly

72m total depth
10650N, 10550N
10590E, 10490E

(10600N, 10537E)
Tx Loop co-ords:
(100 x 100m)

localized low temperature alteration system.

future work in the vicinity of the drill holes.

negative feature and would tend to support the concept of a

the lack of pyrite and base metals in the system is a major

These conclusions do not provide favourable comment for

doleritic in texture and are part of an intrusive body.

Down hole surveying of drill holes CRP 88-3, CRD 88-1 was

CRD 88-1 (5900N, 12005E) 306m total depth
Tx Loop co-ords: 6000N, 5800N
(200 x 200m) 11950E, 12150E
Reading interval 10 metres

CRP 88-3

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

Down hole profiles are attached in Appendix 5.

detailed modelling has been carried out,

comments by N. Hungerford are made:

Although no

the following

The profile down CRP 88-3 indicates a conductive zone in the

I basalt at about 45 metres. This is coincident with a clay

I
layer which probably explains the down-hole anomaly.

Max-Min anomaly could well have the same cause.

The

weathering (clays) in the contact (fault?) logged at about

I
I

The shallow conductive zones in CRD 88-1 may be due to

end of the hole, but since the anomaly is not completelyI
35 metres depth. An off-hole conductor is indicated at the

I
I
I
I
I

covered, further down-hole work is required to determine

where the conductive source might be.

6. CONCLUSIONS & RECOMMENDATIONS

Percussion drilling to determine the presence of the

postulated Cattley Fault was unsuccessful in that thick post

Cambrian poorly consolidated gravels prevented penetration.

definitive although the source of the response is most probablyI
Similarly, percussion drilling of an EM anomaly was not

I
I
I
I
•

due to thick river wash deposits.



The identification of dacitic lavas in drill hole CRD

as no EM response from the ground survey was recorded.

Results of a recently completed down hole EM survey of

CRD 88-1 indicate the presence of an off hole conductor at the

end of the drill hole. The orientation and characteristics of

this conductor are unknown and further EM work is required to

Lead isotopic analyses of mineralized samples from the

licence area suggest a Cambrian signature identical with that of

known VMS deposits. This is positive evidence of a Cambrian

mineralizing event but may be a function of local diagenesis or

localized hydrothermal activity only.

Page 13608019

It is an unusual feature, however,

by both the regional mapping team (Pemberton

Green. The latter workers consider the

to be intrusive in form and doleritic 1n

018

Whole rock and trace element analyses from drill core

and rock chips have quantified the extent of alteration observed

in core. The pronounced carbonate-sericite alteration and Na.O

depletion in CRD 86-1 is most probably a local feature related

to the presence of acid intrusive bodies. This conclusion is

supported by oxygen isotopic determinations that suggest the

alteration system is a low temperature localized one related to

intrusion of these same intrusives.

intermediate rocks

texture.

88-1 is disputed

1988) and Dr. G.

fully evaluate this anomaly.

I
I
I
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APPENDIX 1

Whole Rock & Trace Element Analyses
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99.6

Results in percentages

14382

100.3

72.7 73.0 73.5 73.2
1. 06 0.23 0.20 0.24

14.2 12.3 11. 9 14.9
2.56 5.50 5.50 4.00

<0.01 0.82 1. 09 0.07
O. 75 0.47 0.36 0.43
0.09 0.09 0.03 <0.01
0.13 0.14 0.08 0.07
4.04 3.82 3.60 4.52
0.18 0.04 0.04 0.03
3.82 3.90 3.26 3.32

14381

99.5

Report AC 832/89

14380

66.8
0.48

15.0
5.20
0.03
1. 76
0.09
2.88
4.32
0.09
3.00

99.6Tota Is

NATA Certificate

Analysis code ORE 2/1

Total FE as Fe203
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I
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( 20
P205
LOI



6080')~;
<.. •. 1

Page 12

14388 14389

99.5 100.8

Results in percentages

75.3 64.8 68.6 79.8
0.28 0.94 1. 01 0.23

14. 7 15.9 15.0 12.2
1. 83 7.30 4.90 1. 46
0.01 0.04 0.02 <0.01
0.44 0.96 0.89 0.38

<0.01 0.02 <0.01 <0.01
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14385

98.8Tota Is

Total FE as Fe203

NATA Certificate

Analysis code ORE 2/1
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Fe203
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P205
LOII

I
I
I
I
I(

I
I
I
I
I
I

I e..···de•I ~"'"}
Ut:'r-;

I
I
I
I
I

•



14~

Page 13

60802'1

14393

Resu tts in percentages

1439214391

70.6 66.3 65.1 67:'0
0.34 0.54 0.39 0.40

15.1 18.3 18.5 17n
3.14 3.52 3.96 3.6(3
0.01 0.09 0.03 0.J2
0.69 0.84 1. 08 0< 91

<0.01 <0.01 <0.01 <0.41
0.88 0.14 0.57 if~4.22 4.12 4.92 3. 8
0.03 0.06 0.06 O. (F4
4.86 6.90 6.40 7/20

99.9 100.8 101.0 100.6

Report AC 832/89

14390

73.2
0.35

14.9
2.62

<0.01
0.40

<0.01
0.47
3.82
0.03
5. [0

100.9Tota Is

NATA Certificate

Analysis code ORE 2/1
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0.76

<0.01
0.09
3.60
0.04
5.20

14395

99.9Totals

NATA Certificate

Total FE as Fe203

5102
Ti02
AI203
Fe203
MnO
MgO
CaO

a20
K20
P205
LOl

I .til a •••del
I
I
I
I
I
I
I(

I
I
I
I
I
I(

I
I
I
I
I
I
•



Analysis code ORE 2/1

16004

Page 15

60802C

16003

Resu Its in percentages

1600216001

62.9 71. 9 78.2 76:0
1. 27 0.33 0.24 )J; 43

16.9 14.1 12.0 13.4
8.50 5.25 2.74 2.61
0.01 0.11 0.01 JO.O
0.87 0.47 0.57 0.51

<0.01 <0.01 <0.01 <0.01
0.29 0.34 0.19 0.15
2.98 3.20 2.62 3 .. 8;t'
0.28 0.03 0.04 (f. 03
6.20 3.82 3.42 3x"24

100.2 99.5 100.0 100.2

Report AC 832/89

14400

76.4
0.16

14.1
0.97

<0.01
0.36

<0.01
0.14
3.82

<0.01
3.24

99.2

025

Tota Is

NATA Certificate

Total FE as Fe203

Si02
ri02
AI203
Fe203
MnO
MgO
CaO

a20
K20
P205
LOI

I e ..···del
I
I
I
I
I
I
Ii
I
I
I
I
I

(

I
I
I
I
I
I
I

•



Analysis code ORE 2/1

16009

Page 16

60802'(

16008

Resu Its in percentages

16007

66.5 73.1 72.8 80.0
0.97 0.19 0.47 0.18

15.0 16.2 12.4 8.45
7.45 2.54 5.45 4.42

<0.01 <0.01 0.04 <0.01
0.91 0.50 0.86 0.36

<0.01 <0.01 0.08 <0.01
0.11 0.40 0.14 0.12
3.62 4.06 3.90 2.60
0.05 0.05 0.09 0.02
5.25 3.66 3.86 2.74

99.8 100. 7 100.1 98.9

16006

Report AC 832/89

16005

69.1
1.16

17.3
2.28

<0.01
0.79

<0.01
0.20
5.20
0.05
3.48

99.5Tota Is

O?6

NATA Certificate

Total FE as Fe203

Si02
T i02
AI203
Fe203
MnO
MgO
CaO

a20
K20
P205
LOl

I 'il CII•••del
I
I
I
I
I
I
I
I
I
I
I
I
I(

I
I
I
I
I
I

•



Analysjs code ORE 2/1

16016

608028

Page 17

16015

Results in percentages

1601416013

74.6 78.1 69.1 79.3
0.30 0.37 0.55 0.22

12.2 11. 0 13.8 11. 1
3.28 3.86 5.55 1. 32

<0.01 <0.01 0.14 <0.01
0.43 0.75 0.94 0.65

<0.01 <0.01 0.01 <0.01
0.44 1. 09 0.03 <0.01
3.50 2.56 4.24 3.58
0.03 0.06 0.11 0.03
3.28 3.04 4.32 2.86

98.0 100.8 98.8 99.0

Report AC 832/89

16011

84.7
0.16
7.85
1. 59

<0.01
0.40

<0.01
0.15
2.12
0.02
2.28

99.2Tota Is

NATA Certjficate

Total FE as Fe203

SW2
TW2
AI203
Fe203
MnO
MgO
CaO

a20
K20
P205
LOI

I~'Sa•••del
I
I
I
I
I
I
I,

I
I
I
I
I
I
I
I
I
I
I
I
•



608029

Page 18

Resu Its in percentages

1601916018

70.6 74.3
0.44 0.26

15.6 14.0
2.02 1. 48

<0.01 <0.01
0.84 0.52

<0.01 <0.01
<0.01 <0.01
4.94 4.36
0.09 <0.01
3.94 3.14

98.4 98.0

Report AC 832/89

76.7
0.23

12. 7
1. 47
0.01
0.60

<0.01
<0.01
4.42
0.04
2.92

16017

99.1Tota Is

NATA Certificate

Si02
Ti02
AI203
Fe203
MnO
MgO
CaO
la20

K20
P205
LOI

I e a •••del
I

~~~

u~tsI Analysis code ORE 2/1

I
I
I
I
I
I
I
I Total FE as Fe203

I
I
I
I
I
I
I
I
I

•
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In,s lLlboralory IS feg,sle,ed Oy tne N;,lIol1i:1l
Assoc:ation or Testing Authonties hJslr;,li<l The
lesl(s) reported herein nave been performed in
accordance with its terms at reai:>lratK)r]. This
oocumot1t shall nol be reproduced except in lull

305 Soulh Road, Mile End Soulh. Soulh Australia, 5031
Telephone, (OB) 43 5722 Fa" (08) 234 0321 Tele" LABCOM AAB9323

Please find enclosed an Amdel Report for Job No: 8AD3153.

60803CJ
02:J

JOB NUMBER: 8AD3153

Your Reference: 11638/LD51/JPR

Date Received: 26-SEP-1988
Date Relayed: 12-0CT-1988
Date Reported: 12-0CT-1988

Number of Samples: 38

16 days

Analyte Codes
- Not Analysed.
- Listed But Not Received.
- Insufficent Sample for

Analysis.

Turnaround

Report
N.A.
L.N.R.
1.S.

Cover Sheet
Pages 1 to 4

Mr. David Hall
Billiton Australia Ltd
30 Mersey Main Rd
Spreyton
DEVON PORT
TAS 7310 Australia

Report Comprising:

Comments:

I

I
I

I
I

I
I
I
I
I
I

/0ck C/'r
_ -/J<I'l-U t!' klh~ L, t '

I
Report Dist'n: Carbon Copies(CC) ,Electronic Media(EM) ,Magnetic Media(MM)
Type Recipient Location Date Copies

I
MM SHELL DEVONPORT 12-0CT-88 1

I
I
I
I
I

:::::",'.:'~
Managing irector.
CLASSIC COMLABS LTD
(Please address any enquiries to Mr. Trevor Francis)

This report relates specifically to the sample(s) tested in so far
as that the sample(s) is truly representative of the sample source
as supplied .

•
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~
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I· ( 030 ANALYTICAL REPORT

Job: 8AD3153
DIN: 11638/LD51/JPR

608031

II

122f",t 14389 J 135

/2lSor 14390 JC.<~ 420

Y

34

34

22 4-DZ4")O 510<;,--150, .)

40

52

18 402S'70 S405"'!"O
)

12402150,"04-050150

AMGo'

22 +0;(310 , S40(;,530

32 402 ~W ) 54058")0

44 f02 %0) 5405? ~D

22

17

12

16

Nb

16

15

13

19

10

14

13

zr

250

200

175

150

230

280

300

240

200

150

135

50

50

50

50

70

70

La

60

40

40

60

60

86

Rb

150

125

125

150

125

150

160

130

165

180

4

5

5

5

6

5

16

17

14

16

Sr

100

Sa

510

560

560

550

530

430

460

640

1020

14383 v

,,/
14384

14385./

./
14386

I'

II

IZJo~C: 14388 ./

12 ]7~[ 14387 ./

IZ'I'rOt'. 14382 ./

SAMPLE

C ,,10­
II/7r f 14380/

12'1f1St 14381/'

19-"011/
I II

~7S=N

I h

II'
IN

28 "104(,")0, 54-10380

24 "It>1 "Cu ~54-IOZ'50

28 4 U:,010 5+10250

16 4-0 3120) 54102ZD

32 403180 540')7"'0
~

26

30 4')2::

32 ·'/02 l';iO, :d06210

34

22 "1.02--;",:), S 40":>520

22 4-022 -"J , S1 D'O',')OO

19

18

14

17

19

17

12

19

18

16

12

13

250

250

270

320

290

220

32'0

300

220

290

300

270

50

50

60

40

70

20

50

70

60

60

80

60

92

88

115

120

200

110

185

190

160

125

155

180

3

7

4

3

8

6

20

32

20

10

24

16

320

440

220

135

260

480

280

850

620

380

14399 I

14400 ,j

16001 J

16002 /

14396 •

14397 .I

14398 j

- .R'11'175t: 14391 ["ro'!-

11'160
[' 14392 "'CJIJ

/It:'lo{ 14393/C• I,,-

• '171.2N 9,'1<>[

~60'::>tV /o2o::;,E

r2 8'ON loPOf

10/OQ/" 11'I'fo (

l I/! ,I.,I.·/6QQ /J..I·, -

1<f7 0
1V

fr.,.J r of /,./1; 14394 290

173"'1'-1 116i./ o ( 14395JC"I __ 250

Il'7uO( 16003 J19v""V

2o/fu/L/ _~-/?/J( 16004 >Y

330

340

16

11

94

130

90

50

250

220

17

17

32 4oS~' '70 54-1041D
)

I
I

•

UNITS
SCHEME

ppm
XRFl

ppm
XRFl

ppm
XRF1

ppm
XRFl

ppm
XRFl

ppm ppm
XRFl XRFl

Page 1 of 4



J(.}

40'0>4 OD) 5,,\-11380

y

16 "'I-045.ro, 54118,,0

14 4D4Lt80 S411SSD
)

14 "\--0& 4-10. '54111.0

22 4-04"i2~O 5"412,.C::>3 c,
)

24
~.

24

26

22

26

26 ./

18

16 -1-048i;,O]S+II~:'\O

6 "To+ .;"&0, S'!- II ~'50

ppm
XRFl

~
1hiS Laboratory '5 reg.!:;lert!(l by llle NalJonal

A Association ot TeS.'ing Authorities. AuSl'.8Iia. The
T lesUsj repOlted herell1 have been. perlormed InA aceoldance wIth Its 1erms pI leglSlrahon. This

document shall not b~ reproduced elcePl In lull

Job: 8AD3153
O/N: 11638/LD51/JPR

608032

ANALYTICAL REPORT

Sr Rb La Zr Nb

26 195 50 165 16

26 160 40 140 14

20 155 80 145 14

18 165 40 150 12

2 94 40 110 8

7 105 50 130 9

7 150 40 195 10

11 135 50 210 10

8 230 50 230 10

10 190 50 165 14

9 195 60 180 15

16 280 60 290 13

8 195 60 220 16

ppm ppm ppm ppm ppm
XRFl XRFl XRFl XRFl XRFl

Ba

250

440

740

185

430

440

670

660

370

ppm
XRFl

""i 760

16019..,L

16018 y

16017 V

16015

16016 y

SAMPLE!

UNITS
SCHEME

305 South Road. M;le End South. Sou.h AUSlraHa. 5031
Telephone: (08) 435722 Fax: (08) 234 0321 Telex: LARCOM AA89323

>0 'iI'f0{ 16006

>"'r,~! 16009 lew! 830

,.
>"'IJ~f 16011 \, 195

S'" 'fooL 16013 .; 270

~oJ;-oC 16014

031

t0 6JO ,v

2 05 f{:::;/V

I
I

I
,

I

19if90N !;o/I'-'c

7/.."" //1- /ni"'': t:.

I /'

I

I
I
I
I
I
I
I
I Page 2 of 4

•



,... nr) ANALYTICAL REPORT
U,j ;~

SAMPLE Ce

14380 50

14381 60

14382 100

14383 110

14384 80

14385 80

14386 80

14387 70

14388 50

14389 60

14390 70

14391 70

14392 80

14393 100

14394 70

14395 80

14396 100

14397 50

14398 90

14399 50

14400 50

16001 80

16002 90

16003 110

16004 70

UNITS ppm
SCHEME XRFl

Page 3 of 4

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

•

608033
305 South Road. Mile End Sou(h, South Australia, 5031
Telephone: (08) 43 5722 Fax: (08) 234 0321 Telex: LABCOM AA89323

~
lh'5 Laborarory ,s reglslerl'd by Ihe Ndllulldl

NA AssOciation 01 le5.'In!J Alltholilies. A!JSlrah8. The

T teslis) leported hereIn halle been per10rmed In

A accordance ¥\11th lIs terms ot rec,s11llhon This
document shall not bfl reprOduced ('lteem In luU

Job: 8AD3153
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60803,1
305 South Road. Mile End Soulh, South Australia, 5031
Telephone: (08) 43 5722 Fax: (08) 234 0321 Telex: lABCOM AA89323

ANALYTICAL REPORT

O.3j SAMPLE Ce

16005 50

16006 40

16007 90

16008 50

16009 40

16011 40

16013 60

16014 80

16015 70

16016 80

16017 70

16018 80

16019 70

UNITS ppm
SCHEME XRF1

~
Th,s lilboral0ry IS regislelt"d by Ihe NatioflClI

NA Association or T.•'.ling AuthoritieS.~."'.8Ii8. Th.•.

T lesl(sl reported herein have been performed In
A accordance ""It,., lIs le.ms 01 rey,slrahon, Th,s

documenl shall flol bt' fp.produced 8kcepl "" tull

Job: 8AD3153
DIN: 11638/LD51/JPR
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305 South Road. Mile End South, South Australia, 5031
Telephone: (08) 435722 Fax: (08) 234 0321 Telex: LABCOM AA89323

This laboralOry is regislered by ltle National
Association 01 Testing Authorities. Australia. The
It!sl(s) repor1ed herein have been per10rmed in
accOfdance wilh il9 terms 01 regiStration. This
document 9hall no! be reproduced except in lull

36 days

Analyte Codes
- Not Analysed.
- Listed But Not Received.
- Insufficent Sample for

Analysis.

Turnaround

60803::)~

Report
N.A.
L.N .R.
1.S.

Cover Sheet
Pages 1 to 6

Mr. David Hall
Billiton Australia Ltd
30 Mersey Main Rd
Spreyton
DEVONPORT
TAS 7310 Australia

JOB NUMBER: 8AD2392.

Your Reference: 11635/LD51/JPR

Date Received: 18-JUL-1988
Date Relayed: 23-AUG-1988
Date Reported: 23-AUG-1988

Number of Samples: 31

Report Comprising:

Comments:

I

I

I

I

I

I

I

I

I

I

I

I

I
I

Report
Type

Dist'n: Carbon Copies(CCl,Electronic Media(EM) ,Magnetic Media(MM)
Recipient Location Date Copies

I
I
I
I
I
I

Harry Fishman
Managing Director.
CLASSIC COMLABS LTD
(Please address any enquiries to Mr. Trevor Francis)

This report relates specifically to the sample(s) tested in so far
as that the sample(s) is truly representative of the sample source
as supplied.

•



ANALYTICAL REPORT

I
I
I

l1li S~y~a~~!Sri~9~~ABS LTD

0:1 ~~

60803G ~
This Laboratory ;6 r9{Jistered by the National

NA Associahon 0' Testing Authorities, AuSltltlia Thli!
teslls) reporled heretn h8W been per10rmed In

TA accordence witt) it9 terms 01 regislrUlion This
Document shall nol be reproduced e_cepl In lull

Job: 8AD2392
O/N: 11635/LD51/JPR

SAMPLE

I~y p-/ lf~' 'fl". 17610

Fe203

2.98

MnO

0.12

Tl02

0.41

CaO

2.40

K20

3.44

P205

0.08

S102

64.7

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

>~' < I". 17620

",0-11,,, 17650

'J.;:). '111'>' 17660

/1;><>_1.:>/,.,17669

I/o-I/Ih' 17679

u' 1"1",17689

,,'c_' •• " 17699

? f' _/410' /,··17708

I~c:>-IY/,,-, 17719

I~,-IU~ 17754

;''-I).-7.,-,-~ ... - 17783

:- ";--"""':',,·17788

,,') -)1( .. 17806

2'17." )q?J~, 17813

'0.. 17815

., .. 17816

UNITS
SCHEME

3.00

2.92

3.52

3.94

2.92

1. 64

2.14

1. 53

1. 81

6.20

2.36

1. 70

5.10

10.8

2.36

2.94

4.70

3.04

4.78

2.90

6.35

3.88

3.28

3.22

%
XRF4

0.13

0.18

0.10

0.15

0.13

0.05

0.03

0.04

0.10

0.22

0.13

0.11

0.13

1. 41

0.11

0.07

0.09

0.11

0.12

0.07

0.48

0.33

0.06

0.12

%
XRF4

0.38

0.35

0.39

0.42

0.39

0.21

0.23

0.23

0.20

0.48

0.24

0.25

0.47

0.14

0.27

0.28

0.45

0.28

0.45

0.24

0.24

0.18

0.28

0.29

%
XRF4

1. 39

3.10

0.80

1.97

1.77

0.66

0.15

0.76

1.18

3.40

1.65

1.67

0.97

21.8

2.04

0.51

1.18

1. 34

1. 86

0.65

7.90

5.00

0.16

1. 13

%
XRF4

2.88

1. 79

3.04

3.66

4.62

4.12

3.56

5.30

3.24

1. 95

4.82

3.50

5.35

1. 45

5.00

4.30

5.15

2.86

4.62

5.05

3.08

3.42

3.80

2.90

%
XRF4

0.06

0.06

0.07

0.07

0.05

0.02

0.02

0.01

0.02

0.07

0.04

0.03

0.11

0.03

0.05

0.03

0.11

0.04

0.12

0.03

0.03

0.01

0.06

0.08

%
XRF4

69.0

65.4

64.1

63.3

69.0

75.2

75.4

74.4

74.0

64.5

73.3

73.4

66.5

21. 8

71.0

71.8

67.1

72.3

66.4

74.5

55.7

63.2

74.3

72.5

%
XRF4

I

•
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( -.-'~ , ~
Job: 8AD2392

U ;·U:: O/N: 11635/LD51/JPR
ANALYTICAL REPORT

SAMPLE Fe203 MnO Ti02 CaO K20 P205 Si02

}u..-...., 17817 2.76 0.06 0.36 0.98 6.10 0.07 70.0

:;: "'><::;, r" 17818 7.10 0.22 0.50 7.85 2 .14 0.13 48.6

).10 ro-.. 17819 8.30 0.15 0.57 4.20 2.46 0.14 52.2

27)' ....., 17820 4.74 0.13 0.45 2.70 4.00 0.13 65.9

:<' "6~' ''''' 17821 4.04 0.07 0.52 1.16 5.45 0.14 66.3

~ 'l.' ~- 11, 17822 5.75 0.13 0.44 1.52 4.36 0.12 65.1

UNITS % % % % % % %
SCHEME XRF4 XRF4 XRF4 XRF4 XRF4 XRF4 XRF4

Page 2 of 6



I This Laboratory is fegisle'ed by the Nfllional

• ~n~~a~~!SrE9~A~ABS LTD mAssociation 01 Testing AUlhoriliAS. Aust<alis. The

TA
lesl(s) reported herein have been pedormer1 in

I 608038
i1ccordance with its terms 01 registration. This
document Shall not be reproduced eKcept in lull

Job: 8AD2392

I
O/N: 11635/LD51/JPR

,.. ,r_. , ,
ANALYTICAL REPORTU·j{

SAMPLE A1203 MgO Na20 LOI

I 17610 16.7 0.89 4.04 4.00

I 17620 14.6 1.18 4.14 3.16

17630 15.1 1.28 4.72 4.96

I 17640 17.7 2.38 4.32 3.46

17650 15.9 1. 46 3.82 4.82

I 17660 13.3 1. 31 2.58 3.82

I
17669 12.3 0.66 2.40 2.56

17679 12.9 0.89 2.52 2.14

I 17689 12.5 0.62 1.59 2.92

17699 11. 5 1. 79 2.84 2.96

I 17708 10.6 3.48 0.97 8.00

I
17719 10.7 1. 01 2.00 3.26

17729 11. 2 0.91 2.76 3.58

I 17739 13.9 1. 44 2.10 3.92

17748 3.78 8.05 0.06 30.1

I 17754 11.8 1.23 2.14 3.92

I
17761 12.9 1. 21 2.88 2.74

17771 13.8 1.64 2.92 2.82

I 17783 11.9 1. 31 3.12 3.44

17788 13.8 1. 54 2.48 3.70

I 17796 11.6 1. 24 0.70 2.84

17806 9.20 3.18 0.72 13.0

I 17813 10.5 2.22 2.52 8.75

I 17815 12.9 0.64 2.46 2.02

17816 12.4 0.98 3.48 2.84

I UNITS % % % %
SCHEME XRF4 XRF4 XRF4 XRF4

I Page 3 of 6
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~
ThiS LaborlllOfy is registered by llie National

NA Associa1ion 01 Testing Authorities. Australia. The
tRsl(sl rePOrted herein hill/I!! been pertolmed In

TA accordance .....ith its terms Of registration. ThiS.
document anafl not be rlIprodur:ed e.o;cepl «1 lull
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038 ANALYTICAL REPORT

SAMPLE A1203 MgO Na20 LOI

17B17 14.4 1.10 1.05 3.00

17B1B 12.3 7.55 2.62 10.9

17B19 14.5 7.00 2.90 7.50

17B20 13.3 1. Bl 2.26 4.40

17B21 15.3 1.60 2.04 3.34

17B22 13.5 2.56 2.7B 3.74

UNITS t t t t
SCHEME XRF4 XRF4 XRF4 XRF4
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U,j;j ANALYTICAL REPORT

SAMPLE Sr Ba Zr Rb

I 17610 125 640 270 140

I
17620 155 490 260 130

17630 130 290 230 98

I 17640 120 860 250 150

17650 105 820 240 165

I 17660 64 1320 230 195

I
17669 42 1080 180 165

17679 50 620 195 150

I 17689 42 1240 190 210

17699 62 490 175 130

I 17708 30 320 145 64

I
17719 36 650 190 120

17729 32 540 220 115

I 17739 56 1040 200 175

17748 110 230 34 62

I 17754 54 1000 170 115

I
17761 48 950 220 140

17771 68 1560 185 125

I 17783 70 490 220 105

17788 66 1120 180 145

I 17796 34 850 190 180

17806 105 440 140 105

I 17813 54 590 165 105

I 17815 60 890 200 105

17816 82 570 195 76

I UNITS ppm ppm ppm ppm
SCHEME XRFl XRF1 XRFl XRFl
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ANALYTICAL REPORT

SAMPLE Sr Sa Zr Rb

17817 20 760 220 195

17818 280 970 72 64

17819 105 860 92 68

17820 80 800 180 125

17821 66 890 210 175

17822 98 810 175 130

UNITS ppm ppm ppm ppm
SCHEME XRFl XRFl XRFl XRFl
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EVENTS.

THE PB ISOTOPE COMPOSITIONS OF EXPLORATION SAMPLES FROM THE

CATTLEY RANGE ARE CONSISTENT WITH DERIVATION FROM FLUIDS WITH A

SIMILAR ORIGIN TO THOSE RESPONSIBLE FOR THE FORMATION OF THE

CAMBRIAN MASSIVE SULFIDE DEPOSITS OF THE REGION. IN CONTRAST,

LAKESIDE, MURCHISON MINE SITE AND THE STERLING VALLEY MINE ALL

HAVE A HIGH PROBABILITY OF BEING RELATED TO DEVONIAN THERMAL
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1. AIM

The aim of this study has been to determine the Pb isotopic

compositions of geological exploration samples from the Cattley

Range, Lakeside, Murchison Mine site and Sterling Valley Mine

site in northeastern Tasmania and compare them with the known

signatures for volcanogenic mineralization associated with the Mt

Read Volcanics and vein mineralization associated with Devonian

thermal events.

2. SAMPLES

A total of 13 samples from the 4 prospects were received for

analysis (Table 1). The Pb contents varied from 650ppm to over

30%.

3. TARGET SIGNATURES

The Pb isotopic signature of mineralization from this region

has been thoroughly studied over the past decade. Massive sulfide

mineralization such as Rosebery, Que River and Hellyer have

homogeneous isotopic compositions. On Figures 1 and 2 the data

from each of these deposits are represented by 95% confidence

ellipses which plot as overlapping fields. Devonian vein

mineralization on the other hand is generally far less

homogeneous in anyone deposit (see for e.g the range for Queen

Hill mineralization in Figs. 1 and 2) and there is broad range of

distributions with 206pbj204pb values of between about 18.43 to

over 18.7.

4. METHODS

A O.lg subsample of the pUlverised drill core material was

leached in a solution of 7N HN03 + 7N Hcl in sealed Savillex

teflon beakers. The solutions were centrifuged and passed through
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anion exchange resin columns prior to electroplating onto Pt

electrodes. The two galena samples were dissolved in HN03 prior

to electroplating as above. The purified Pb was analysed for its

isotopic composition on a VG Isomass 54E solid source mass

spectrometer in fully automated mode. The precision estimates of

the method are presented graphically in the top left hand corner

of the accompanying diagrams and are based on over 1000 analyses

of standards.

5. RESULTS

1. Of the 6 samples from the Cattley Range prospect, 5 form

a homogeneous cluster which overlaps the Cambrian massive sulfide

signatures (Table 2, Figs 1 and 2). Sample Cattley 3 (10400N,

11792E) contains a higher proportion of radiogenic Pb (i.e.

higher 6/4 etc.) and plots outside the Cambrian signature and at

the least radiogenic end of the Devonian fields.

2. The Lakeside and Murchison mine site samples have

206pb/204 pb ratios of greater than about 18.6. On both Figures 1

and 2 they plot in or near the field for Devonian mineralization

at Queen Hill.

3. The Sterling Valley mine site samples plot between the

Cambrian massive sulfide and the Queen Hill signatures. Other

Devonian mineralization such as Mt Farrell have similar isotopic

compositions.

6. DISCUSSION AND CONCLUSIONS

1. The Pb isotopic composition of the Cattley Range

mineralization is consistent with derivation from fluids with a

similar origin to those responsible for the formation of the
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Cambrian massive sulfide deposits of the region. The single

cattley Range sample which contains more radiogenic Pb than the

the Cambrian Massive sulfides may indicate overprinting by

Devonian vein mineralization or it may result from radiogenic

addition of Pb since the Cambrian due to higher than normal U

contents. Whichever explanation is correct, this single enigmatic

result does not detract from the relatively high exploration

priority that is assigned to this prospect.

The possibility that the Cambrian signature at Cattley Range

is related to the intrusion of granitoids can only be addressed

indirectly. There is no information in the SIROTOPE database on

mineralization that has been definitely ascribed to the Cambrian

granitoids. Mineralization such as at Lake Selina which may be

related to plutonic rather than volcanic events has similar

isotopic compositions to the massive sulfide signatures. We would

expect there to be some isotopic contrast between two such

events, especially in the 208pbj204pb ratios. Until we have hard

information on the isotopic composition of the granites we can

only suggest that mineralization that has the massive sulfide

signature and can be seen to be associated with the Mt Read

Volcanics is unlikely to be related to Cambrian granites.

2. Mineralization at Lakeside, Murchison Mine site and

Sterling Valley mine site all have a high probability of being

related to Devonian thermal events and as such would be

considered to have only a low probability of representing

significant base metal resources.
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LEAD ISOTOPE SAMPLES

PROJECT LOCATION SAMPLE NO SAMPLE PB
TYPE ASSAY

, CATTLEY 10400N 11757.5E Costean 1020ppm

RANGE
1. 10400N 11792E Costean 1040ppm

{ ~ 9600N 11105E Costean 880ppm
,.;

'+ 10600N 11750E Auger 910ppm

S 10400N 11750E Auger 650ppm

~ CRD86-1 191.8-193.8m 13526 Drill Core 1700ppm

~
LAKESIDE RED 87-3 112-113m 14055 Drill Core 0.23%

RED 87-6 118.6-119.9m 13832 Drill Core 0.71%

RED 86-1 126.05-126.9m 13631 Drill Core 30.7%

MURCHISON Mine Site MP30-250 Drill Core 3250
MP32-323.6 Drill Core 1850

STERLING Mine Site 3036 Rock Chip 2.72%
3039 Rock Chip 12.43%

VALLEY



"R" denotes repeat analysis.
Pb contents for Cattley Range determined by isotope dilution.

OilS 608049
Ie 1. Lead isotope ratios of Mt Read volcanic samples - Billiton.

208 Pb 297 Pb 206 Pb 207 Pb 208 Pb Pb(ppm
206 ph 206 Ph 204 ph 204 ph 204 ph

rTLEY RANGE
CATTLEY 1 2.0813 0.8523 18.280 15.581 38.048 85
CATTLEY 2 2.0757 0.8468 18.428 15.604 38.250 87
CATTLEY 3 2.0825 0.8524 18.281 15.583 38.069 85
CATTLEY 4 2.0813 0.8527 18.258 15.569 38.000 88

·CATTLEY 5 2.0813 0.8515 18.316 15.596 38.121 99
CATTLEY 6 2.0824 0.8528 18.288 15.596 38.084 1,01'

14055 2.0703 0.8396 18.603 15.619 38.515
13832 2.0672 0.8373 18.644 15.611 38.541
13832R 2.0681 0.8375 18.663 15.631 38.599
13631 2.0690 0.8387 18.612 15.610 38.509
13631R 2.0686 0.8388 18.601 15.603 38.477

CHISON MIN SITE
MURCHISON 30 2.0713 0.8401 18.584 15.612 38.492
MURCHISON 32 2.0716 0.8401 18.604 15.629 38.540

RLING VALLEY MINE SITE
STERL v 3036 2.0755 0.8458 18.455 15.609 38.305
STERL V 3039 2.0756 0.8464 18.422 15.592 38.236
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APPENDIX 3

Oxygen Isotope & Petrological Investigation of
altered Rocks in the Cattley Range Area
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by G. R. GREEN, B.Se (Hans), Ph.D.

Oxygen isotope and petrological
investigation of altered rocks in the Cattley
Range area, north-west Tasmania: A report

for BHliton Australia

2. Petrography

in rocks In the Cattley Range area, drUied by the
company In 1986 and 1988, was made. The
investigation Involved examination of core,
petrography and oxygen Isotope analysis of
seven whole-rock samples. To avoid
unnecessaty repetition, most of the theoty is
covered In Appendix 3 (pp. 407-410, fig. 6).

Only a cursoty examination was made of the
core, and In the main the observattons,
particularly those relating to the faCing of the
sequence In both holes, agree well with those of
JeITRandell. In hole CRD 86-1 minor sphaleIite
and galena was observed In the contact zone of
the dacite body (89.2-90.6 mI. When I looked at
the core, I suspected that the main dacite body
(90.6-191.8 m) mlght be a lava, mainly on the
basis of 10 mm rounded clasts of chert and
black mudstone In the basal 150 mm. CIitical
Information on the basal contact is obscured by
slIckenSided quartz-chloIite veining. However.
Blllltan's geochemical results are more
consistent with JeITRandell's Interpretation that
the body is an Intrusive. The
breccia-volcaniclastic urilt from 204.8 to 239 m
is regarded as a single depOSitional unit.

1. Core Examination

RESULTS

In hole 88-1, a coarsening of gralnsize
discernIble under the hand lens In the "andesite
lava" between 187.0 and 196,3 m suggests that
this body could be a dyke. The textures In the
thin section at 214.3 m are consistent wtth this
proposal (Appendix 2).

A few specImens were selected for POSSible
oxygen tsotope analysis. Polished thin sections
of these rocks were prepared and examined to
determine their suitability for Isotope analysis,
and to Invesltgate the timing of alteration with

1

Rocks from CRD 86-1 have pervasively
serlcitlsed and carbonated feldspars. The
alteration and mlnerallsaUon In the dIill hole
preceded cleavage development. and some
textural evidence suggests It was probably
syndlagenetlc. Rocks with 0180 values of 14%0
or more around massive sulphIde deposits are
In the fringes of the alteration system, and show
negligible alteration of feldspar. It Is suggested
that the alteration and minor mineralIsation
Intersected In CRD 86-1 was a local feature
related to the dacite intrusive. This Is consIstent
with the low pyIite content of the rocks, the
dlstributton of the minor base metal
mineralisation, and the whole rock geochemical
data.

Some compaIisons have been made of the more
mafic rocks from CRD 88-1 with the regIonal
urilts mapped by Pemberton and Vicaty (1988).

Rocks from CRD 88-1 dls~lay only vety minor
alteration of feldspars. 0 1 0 values of 12.1 to
13.7%0 probably renect alteration under lower
water/rock ratio condltlons than In the area of
CRD 86-1.

0180 values from drill hole CRD 86-1 show an
Increase from the margins of the dacite Intrusive
(approxlmately 14%0) to 16 and 18%0, corrected
for phenoctyst quartz In rocks 17m and 80 m
from Ihe contact. These high 0180 values renect
alteration at low temperatures of less than
100°C If seawater (0 180=0%0) was the altering
nuid, or about 1700C for a fluid with a typIcally
magmatic 0180 value of 7%0. Temperatures In
the contact zone of the dacite would have been
135°C or 250°C for these respective cases.

SUMMARY AND CONCLUSIONS

At the request of Mr J. P. Randell of Billilon
Australia Limited an invesltgation of alteralton

INTRODUCTION
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The oxygen Isotope data clearly Indicate the
dilTerence In the Cattley Range alteration system
from that around the Kuroko deposits (Green et
aL. 1983) or around Tasmanian massive
sulphide deposits (Rosebery. Que River.
Hellyer). In the massive sulphide systems there
Is a decrease In whole rock 0 180 values towards
the ore body and footwaJl alteration zone las
determined by parameters such as NazO

3. Textures In the manc rocks In CRD 88·1 (at
143.8 and 214.5 m) are dolerltlc. Comparisons
with rocks collected by John Pemberton show
that these are Identical to his Em unIt
(feldspar-pyroxene-chlorlte-quartz bearing
ophltlc-textured mafic to intermediate rock).
Only the sample at 298.4 m looks like a dacite
or andesite. and this Is similar to the pink
hornblende-feldspar porphyry (Efh) mapped by
Pemberton.

0180, 018
02Rock type

3. Oxygen Isotope Results

4. The nature of the rnlnerallsatlon In hole 86-1
Is dissimilar to stockwork velnlng associated
with massive sulphIde deposits. but appears to
be localised around the porphyry intrusive. The
whole-rock geochemical analyses that Billiton
carried out support this-localised kicks In Fe.
Mn. Mg and Ca near the contacts reflect local
pyrite and more Intense carbonate veining
associated with the mineralisation. The lack of
base metal sulphides associated with pyrite
away from the contact (even as minute
inclUSions In pyrite) Is similar to other low
temperature. barren alteration zones (e.g. Boca).

DDH m

porphyry In CRD 86-1. predate cleavage
development In the rock. In general. the cleavage
development and alteration In CRD 88-1 are too
weak to determine relallve timing. One
specimen of slllcified slltstone (CRD 88-1 at
217.2 m) has minor carbonate velnlets which
are folded. The axial surfaces of the folds are
parallel to beddIng. suggesting that the
alteration and veining developed dUring early
diagenesis.

86-1 92 Dacite 14. I 14.1
86-1 190 Dacite 13.9 13.9
86-1 209 Crystal-rich eplclastlc 14.7 ]6.2
86-1 272.15 Altered volcanlclastlc 16.1 18.1

88-] 90.6 Pumiceous pyroclastlc? 13.7 ]3.7
88-1 183.5 guartz-feldspar

porphyry 12.4 12.9
88-1 298.4 Granophyre ] 2.1 ]2.1

0'80 ,=measured Sl80sMowvalue (%0)
Sl802=measured SI80SMOW value (%0) corrected for
phenocryst quartz

2

om=X.Oqz+( l-XJoalt

where om Is the measured 0180 values of the
rock
X Is the fraction of phenocryst quartz
oqz Is the 0180 value of phenocryst quartz
(8%0)
oalt Is the 018

0 values of the rock that may
be related to alteration processes.

Descriptions of polished thin sections of rocks
looked at In detail In this study are listed in
AppendIX 1. Brief notes on thin sections
borrowed from Billiton are given In Appendix 2.

In practice It was found that only phenocryst
quartz was SignIfIcant. It Is relatively Simple to
correct for thts effect In the rocks by the
equation:

The main conclusions are as follows:-

2_ Precambrian detrital quartz---comrnon In
some greywacke In the area

The first approach Is designed to determine the
nature and extent ofmineralogical Interferences
which are likely to cloud interpretation ofoxygen
Isotope data. Some minerals preserve their
oxygen Isotope values through alteration events.
In the content of rocks In the Mount Cattleyarea
the main problem IS likely to be quartz. Quartz.
once formed. Is very slow to exchange oxygen
Isotopes. Therefore. In order to understand the
extent of Cambrian alteration. It Is necessary to
estimate the proportions of the follOWing:

I. Phenocryst quartz (0 180 of about 8%0.
unalTected by alteration)

3. Post-cleavage veins.

The necessity ofthe second approach Is obviOUS:
all massive sulphide deposits In the Mount Read
Volcanics and associated alteration systems
were produced In the Cambrian. and therefore
pre-date the major Devonlan deformation events
In the Mount Cattley area. A necessary condition
for Cambrian alteration Is that It should be
affected by later cleavage and deformation: this
should be detectable at the thin section scale.

respect to rock deformation and cleavage
formation.

2. The alteration. and the mineralisation
developed locally around the contacts of the

1. Rocks examined from drill hole CRD 86-1
have undergone much more alteration than
those from CRD 88-1. In 86-1 feldspars are
tOlally destroyed. being altered to fine-grained
sericite variably overprinted by carbonate.

I
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depletion. degree of feldspar destruction, pyrite
content etc,). In fact the more altered rocks In
CRD 86-1 have hIgher 0180 values than those
In CRD 88-1. On the Umlted samplln~ from 86-1
there ts a suggestion of decllnlng 0 80 values
towards the margins of the dacite Intrusive.

On the other hand the oxygen iSotope data from
the Kuroko deposits (Appendix 3) and the
Tasmanian massive sulphides show values of
less than 10%0 In the most Intensely altered
rocks, with values increasing outward. Values
of around 10 to 1)0,60 may occur In rocks with
carbonated feldspars around the flinges of an
alteration pipe. However these rocks do not
display the total carbonation and selicitiSation
seen In the samples from CRD 86-1 and are
generally more pyritic. with inclusions of base
metal sulphides being common In the pyrite.
Rocks with 0180 values of 14%0 or more
commonly diSplay very Uttle textural evidence of
alteration: In the Kuroko deposits features such
as oscillatory zoning In plagioclase are
preserved.

The patterns discussed above are typical of the
great maJolity ofmassive sulphide deposits, and
are consiStent with an ore fluid with a 0180value
In the range -1 to 4%0, centred around the
seawater value of 0%0. A number of exceptions
exist, such as the giant KJdd Creek deposit In
Ontario. which formed from a fluid with a 0180
value between 6 and 90/00: and the Raul mine.
Peru, which apparently formed from fluids with
0180 values of +7 to +12%0. Both depOSits have
some unusual features.

The Kldd Creek deposit Is unusual for Its
mammoth size (140 MtI and the fact that It has
been Canada's largest tin producer-tin values,
dominantly as cassltelite, locally reach 3%.
Beattyllaylor and Coad (1988) beUeve that the
high 0 0 values for the flUid are the result of
convective ctrculatlon ofseawater high In 180 as
the result of evaporation. However, the values
are also consistent with a magmatic flUid, a
postulate more consistent with the high tin
values In Ihe ore and the occurrence of fluolite
and tourmallne as gangue minerals. There Is no
evidence for these In the Cattley Range area.

Raul consists of a number of semi-massive
concordant mantos and stlinger, disseminated
and vein copper ores In a bedded sequence of
andesite lavas and pyroclastics, greywacke and
sillstone metamorphosed 10 amphlboUte facies
during posl-ore granodiorite intrusion. It should
be noted that the high 01BOvalues calculated for
the ore fluid were based on Isotope fractlonatlon
between quartz-magnetlte pairs: on the other
hand fluid inclusions extracted from pyrite and
chalcopyrite had 0 180 values close to 0%0
(RJpley and Ohmoto, 1977; 1979). It Is therefore

3
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possIble that the magnetite (which shows
"recrystallisation" textures) could have been
Introduced. with pyrrhotite, during post-ore
granitoid emplacement, a situation analagous to
that In the southern part of the F lens at
Rosebery.

A number of possIble scenaIios are consistent
with the oxygen Isotope, petrological and
geochemical data from the Cattley Range.

1. Involvement of magmatlc flUids from the
dacite porphyry Intrusive in the
mlneraUsation locally developed near the
contacts. with iemperatures decUnlng from
about 250°C In the margins of the porphyry
and at its contacis to about 170°C 80 m
below the contact.

2. Alteration by a seawater-dominated fluid with
a 0 180 value of near 0%0 would Imply much
lower temperatures (about 135°C near the
contacts declining to less than WOoC).

3. A third pOSSibility. more compUcated but
consistent with the petrographic evidence. Is
that there are two Independent alteration
events:

(a) Early serlcltlsatlon, associated with
seawater circulation.

(bl Carbonate alteration, associated with
emplacement of the dacite porphyry and
minor mineralisation. This Is the later event.

Even If this Interpretation was correct, the
oxygen iSotope data indicates that the earUer
event In the ViCinity of CRD 86-1 occurred at low
temperatures.

Whether all of the alteration In the dlill hole Is
related to the porphyry Intrusion Is difficult to
determine. The extreme sericitisation and
carbonation of feldspars could be part of the
locaUsed system related to the porphyry. or
could be part of a larger alteration complex. The
Increase In 0180 values away from the porphyry
In CRD 86-1 Is consistent with the former
proposal. Rocks with 0180 values as high as
14-18%0 are known from the outer parts of
massive sulphide-related alleration zones In
Japan and Tasmania, but do not show the
extreme alteration errects (feldspar destruction,
Na20 depletion), again suggesting that the
alteration Is more probably a local feature.

All of the pOSSible scenalios carry one tmportant
common feature. The extreme depletion In
elements such as Na and Sr strongly Indicates
that alteration around CRD 86-1 occurred
underwater-dominated condltlons. This tmpUes
the the oxygen Isotope data renect temperatures
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of alteration. For each of the three possible
cases, temperatures of alteratlon away from the
porphyry body are too low to generate slgnlficant
massive sulphide mlnerallsatlon (_<200°C).

In contrast. the distinctly less severe alteratlon
offeldspars In CRD 88-1 suggest that flUid/rock
interactlon In this area may have occurred
under rock-dominated conditions. That is. it Is
possible that the lower 018

0 values In this hole
reflect higher temperatures of alteratlon. but It
is more probable that alteration occurred at
Jower water/rock ratlos than In the area ofCRD
86-1 at comparable or even lower temperatures
(see Appendix 3. fig. 6).
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APPENDIX 1

Description of polished thin sections prepared for this study
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Very minor subhedral and rare framboidal pyrite to 80 ~m (oc 0.05~O.

Very minor rutile, some after Fe-Ti oxides. No cleavage apparent.

Relict feldspar phenocrysts (10%) to 2 mm long in snowflake texture
groundrnass (micropoikilitic quartz grains '"I.. 0.2 mm across with
minute inclusions of feldspar now sericitised a common high
temperature devitrification texture in intrusives, lavas and welded
tuffs).

Feldspars totally altered to white mica rimmed or studded by
Patches of secondary carbonate and quartz to 5 mm in
with carbonate grains sho~ing strain extinction-vein lets of
plus quartz '"I.. 1 rom wide.

Alteration (inclusions in feldspars. veining etc.):

III
n

608059

carbonate
diameter

carbonate

Probe

Co. No.:

92 m86-1

Field No.:

14.1

100679

Feldspar prophyry dacite

S'"O

ISOTOPE & ALTERATION STUDY
PETROGRAPHY

MRVP

CONCLUSION:

Mineralogy (and estimated proportions)

6

Mineralogy and alteration

Whole rock analysis

Mineralisation (relation to cleavage) :

~ 60% quartz, 25% white mica, 15% carbonate.

Mines Depl No.:

Location: Billiton Mount Cattley D.D.H.

Hand Specimen
Primary textures

Thin section
Primary textures

83c
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Mines Dept. No.: 100681 Field No.:

Location : 86-1 190 m

Hand Specimen
Primary textures

•
•
•
•

(

MRVP ISOTOPE & ALTERATION STUDY
PETROGRAPHY

6080GO

Co. No.:

I

I
Mineralogy and alteration

I Thin section
Primary textures

I

I

Feldspar phenocrysts ~ 10% of rock to 2.5 mm long in mainly snowflake
texture groundmass. Patches of the groundmass lack snowflake
texture, have a fine grained groundmass. In one of these there
is a rounded (now totally sericitised) rock fragment 1.5 mm in
diameter.

I
Mineralogy (and estimated proportions)

Quartz 50%, Carbonate 30%, White mica 20%

I Mineralisation (relation to cleavage)

0.1% fractured pyrite grains to 80 ~m. Minor rutile.

Whole rock analysis

Alteration (inclusions in feldspars, veining etc.):

Most feldspars totally altered to carbonate, a few are partly
sericite. A few irregular carbonate veinlets to 0.5 mm across,
fine grained carbonate patches 0.2 to 0.4 mm across are Common
in the groundmass. Less secondary quartz, more carbonate than
in 100679.

Probe8"s13.9S'·O

Strongly sericitised and carbonated feldspar porphyry dacite.CONCLUSION:

8'c
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I
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I
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ISOTOPE & ALTERATION STUDY
PETROGRAPHY

•-•-•

__'~ ro.

UbI.'

MRVP

Mines Dept. No.: 100683 Field No.:

G08061

Co. No.:

-•-•-•

Location : CRD 86-1

Hand Specimen
Primary textures

Mineralogy and alteration

209 m

-•-•-•.-•
.-•-•
•
•
•
•

Thin section
Primary textures

Crystal-rich (50%), approximately equal proportion of broken and
embayed quartz phenocrysts (to 1.5 rrun) and strongly altered rock
fragments and sericitised shards in fine grained siliceous matrix.

Mineralogy (and estimated proportions) :

Quartz 607" including 15-20% phenocryst quartz, 25% carbonate,
15% white mica. Trace sphene, zircon •

Mineralisation (relation to cleavage) :

0.20'1" pyrite to 160 ).1m. Pressure shadows around Some of coarser
grains. Similar amOunt of well crystallised rutile, some of which
is associated with carbonate.

Alteration (inclusions in feldspars, veining etc.):

Feldspars totally altered to sericite + carbonate ± quartz, as are
rock fragments and coarser shards. Patches of poikilitic secondary
carbonate, some 76 rmn across, are common. Veinlets of fine grained
quartz ± carbonate ~ white mica are present.

Whole rock analysis

Quartz feldspar phyric epiclastic sandstone, strongly
altered.

•
I
I
I

CONCLUSION:

8"0 14.7 Probe

•
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ISOTOPE & ALTERATION STUDY
PETROGRAPHY

Mines Dept. No.: 100685 Field No.:

Location: CRD 86-1 272_15

Hand Specimen
Primary textures

Mineralogy and alteration

Co. No.:

608062

•
•-•
•
•
•
•
•
•
•
•
•

Thin section
Primary textures
Very few primary textures discernible. About 20% ernbayed- and fractured
quartz phenocrysts up to 3.5 rom across. Some probable feldspars
replaced by carbonate.

Mineralogy (and estimated proportions) :

Quartz 60%, white mica 25%, carbonate 15%. Few grains of zircon.

Mineralisation (relation to cleavage) :

Minute trace ultrafine pyrite (10 to 20 ~m). Very minor fine grained
rutile, mostly associated with sericite.

Alteration (inclusions in feldspars. veining etc.):
Few recognisable feldspars replaced by carbonate. Quartz strongly
fractured, fractures healed by deformed fibrous carbonate. Fractured
perpendicular to well def,ined cleavage. Matrix fine grained cherty
quartz with small carbonate grains and 70-100 f.l In quartz grains;
in places totally sericitised.

CONCLUSION: Strongly sheared volcaniclastic. strongly altered and
subsequently deformed.

Whole rock analysis

I
I
•

8'c 05"0 16.1
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Albite 30%, quartz 45%, sericite + chlorite (minor) 25%.

Mineralisation (relation to cleavage)

Alteration (inclusions in feldspars, veining etc.):

Mineralogy (and estimated proportions) :

Probe

Co. No.:

S"s

10

Field No.:

90.6 m

13.7

100686

.5'·0
Whole rock analysis

MRVP - ISOTOPE & ALTERATION STUDY
PETROGRAPHY

Mineralogy and alteration

Mines Dept. No.:

Location: CRD 88-1

Hand Specimen
Primary textures

CONCLUSION: Despite the traces of chalcopyrite, weakly altered pumiceous
epiclastic.

608063

Very minor carbonate and lesser sericite alteration of albitised
plagioclase. Carbonate veinlets present.

Thin section
Primary textures

Pumiceous pyroclastic or epiclastic with 30% plagioclase phenocrysts
to 2 rom, dense lithic clasts, including snowflake texture dacite,
and tube pumice fragments to 5 mm in fine grained cherty quartz,
greenish white mica groundmass - probably original glass dust.

Minor pyrite to 800 ~m. Trace chalcopyrite blebs to 160 x 30 ~m

associated with sericite-chlorite patches and crystalline rutile.
One case the chalopyrite replaces pyrite. Some of the rutile is
in aggregate of 30 ~m crystals 400 x 170 ~m replacing iron-titanium
oxides.

Ob?I
I
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I
I
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Whole rock analysis

Alteration (inclusions in feldspars, veining etc.):
Very minor sericite inclusions in plagioclase. A few quartz minor
albite vein lets , carbonate vein lets , seams of sericite along fractures.
Patches of carbonate and sericite.

608064

Probe

Co. No.:

8"5

Field No.:

183.5 m

12.4

Negligibly altered quartz feldspar porphyry.

'::;'"0

ISOTOPE & ALTERATION STUDY
PETROGRAPHY

CONCLUSION:

Mineralogy and alteration

Mines DllPt. No.: 100688

Location: eRD 88-1

Hand Specimen
Primary textures

8'c

Very minor, relatively coarse grained pyrite; subhedral, generally
spongy, 50 to 25011 m long. Patches of coarsely crystalline rutile
(Fe-Ti oxide replacements).

Mineralogy (and estimated proportions)
10% of each of phenocryst quartz and albite. Difficult to determine
quartz/feldspar proportion in groundmass. "v 5% sericite, 2% carbonate,
trace sphene, zircon, apatite.
Mineralisation (relation to cleavage) :

Thin section
Primary textures

Quartz-feldspar porphyry: about 10% of both quartz and albitised
plagioclase phenocrysts to 3 rom. Felsitic groundmass with quartz
and fine tabular feldspar crystals, some small spherulitic textures
'\. 40 j,lm across.

Oti3
MRVP

• I I



Alteration (inclusions in feldspars, veining etc.):
Minor sericitisation of plagioclase phenocrysts. Patches of coarse
grained secondary quartz to 1.5 rnm. Minor quartz-carbonate veins
and veinlets.

Thin section
Primary textures
Feldspar-porphyry-granophyre. Patchily textured rock in which
plagiocase phenocrysts to 3.5 mm long together with minor chloritised
ferrornagnesian, quartz phenocrysts and relict iron oxides are
set in a groundmass of randomly oriented plagioclase laths surrounded
by devitrified felsic glass with granophyric or spherulitic habit.

608065

chlorite
sphene,

Co. No.:

Probe

unit on MRV Map 8
porphyry, generally

quartz 20%,
Trace zircon,

S"S

298.4 m

12.1

100694

CRD 88-1

S'·O

12

Granophyre-texturally similar to
termed Efh (feldspar hornblende
pink, spheruliticl.

ISOTOPE & ALTERATION STUDY
PETROGRAPHY

Field No.:

Whole rock analysis

CONCLUSION:

Mineralogy (and estimated proportions) :
Albite-oligoclase 45%, alkali feldspar 10%,
15%, carbonate 5%, sericite 2%, opaques 3%.
.a'p'atite.
Mineralisation (relation to cleavage)
Moderate amounts of rutile both as discrete grains ('\0 50 ~m) and
as grain aggregates after Fe-Ti oxides. No sulphides seen in section.

Mines Dept. No.:

Location:

Hand Specimen
Primary textures

Mineralogy and alteration

Oti'l
MRVP

I '



APPENDIX 2

1358O---CRD 86~1. 218.2 m

I

I
I!
: -i,

6080G6

13584----£RD86~1. 271.85 m

Quartz (to 4.5 mm) phenocryst-rich eplclastlc
sandstone, with calcareous siltstone fragments
to 5 mUllmetres. Some quartz-I1ch siltstone
clasts are subrounded. Feldspars are altered to
fine-grained seI1clte. but have generally retained
their euhedral shape. The fine-grained seI1cite
Is vaI1ably overprtnted by carbonate. Some
cherty and volcanic rock fragments are present.

13583----£RD 86~1: 264.2 m

13582----£RD86-1. 256.65 m

Coarse-grained eplclastlc sandstone with
seI1cltlsed feldspar more abundant than quartz.
and slate fragments to 5 mllItmetres. Minor
chert fragments. Some sericite Is partly
overprinted by carbonate. Minor patches and
velnlets of chlorite and carbonate are
pre-cleavage. Zones of strong sericite
development are present. The texture Is sirnllar
to. but not as weIl developed as, 13583.

Coarse-grained eplclastlc rock with quartz up to
5 mUltmetres. About hall of the slide consists of
a granular carbonate matrix, but contains
Inclusions of cherty and serlcltlc volcanic
fragments and quartz phenocrysts. This
probably reflects post-depositional.
pre-cleavage carbonation. The rest of the rock
has a quartz-sericite groundmass with
serlcltlsed relic shards and feldspars
recognisable. A few siltstone clasts are present.

13581----£RD 86-1. 238.36 m

Coarse-grained breccia with fragments 10 10
mm+ Identifiable by changes in groundmass
texture. Dillicult to Identify former feldspar
sites-some altered to quartz + sericite. No
chlorite. Numerous pre-cleavage carbonate
vernlets.

Shard-I1ch eplclastlc sandstone with quartz
greater than feldspar oI1glnaIly. Shards are
altered to sericite and the interstitial mateI1al to
very fine grained quartz. Most feldspar Is altered
to carbonate. A few clasts of slate to 3 mm are
present. One patch ofSPI-W..ERITE (outlined by
thick blue line) Is present. It Is cut by seams of
coarse-grained white mica (coarser than the
seI1cite replacing the shards). Extensive patches
of carbonate alteration and pre-cleavage
carbonate veining.

Notes on BUllton thin sections

13577----£RD86·1.192.8m

A coarse-grained pyrite vein associated with
sphaleI1te, galena. chalcopyrite and traces of
tetrahedrlte with gangue of carbonate. chloI1te.
white mica and quartz appears to have been the
locus for Introduction of mineralising fluids.
-Fine to medium-grained pyrite occurs as lobate
fronts spreading out from the vein for 10-20
mm. and Is associated with minor chalcopyrite.
sphaleI1te and galena between and within pyrite
grains. The sulphides appear to have grown In
favoured laminae. particularly carbonaceous
s1ltstone, and pyrite grains1ze appears to be
partly lithologically controlled. although in some
laminae pyrite grains1ze increases towards the
feeder vein. The mineralisation does not favour
carbonale laminae.

Very similar to Mines Department sample
100681 (at 190 mI. Afew of the altered feldspars
have sericite cores with carbonate rims.
suggesting that carbonation has overprinted
seI1cltisation.

1357B---cRD86·1.189.8m

These features Indicate that veining and
mineralisation occurred when the sediments
were semi-consolidated. I.e. it was
syn-dlagenetlc.

13579---cRD86-1. 206.25 m

Both the vein and disseminated sulphides have
been deformed. In a number of places. areas of
coarse-grained pyI1te have been pulled apart
and the ends of the respective massive pyrites
show a jigsaw fit, with the intervening space
being filled with fibrous chloI1te and white mica.
and more massive quartz and carbonate. Mica
pressure shadows and fI1nges commonly occur
around pyrite grains In the semi-massive
laminae In the adjacent siltstone. and are
particularly pronounced at the outer limits of
the pyritic lobes. The main vein and minor veins
pinch and swell Irregularly. and one veinlet
shows changes In direction where It crosses a
carbonaceous lamina. The lamina changes In
thickness at this point.

Quartz phenocryst -rich eplclastlc sandstone
with an average grainslze of about 2 mm.
Fine-grained sericite replaces feldspar and
shards. A few mudstone clasts are present. One
2 mm pyrite grained is probably clastic; It has a
fibrous seI1clle beard.

p
~
~
~
~
~
~
~
11

1
1

1
1
II
11
~I

~I

I
I
I
I
I
• 13



II
I
I
I
I
I
I
I
I
I
I
I,
,
,
f,
~
~
~
•

OtiS

13585---CRD 86-1. 278.8 m

Rock has coarse fragmental texture. originally
feldspar much mOre abundant than quartz. All
feldspar totally altered to sericite or carbonate.
Groundmass fine-grained quartz-sericite with
carbonate clots. very strongly cleaved. some
carbonaceous material. Fragmenls to 2 rnrn+.

CRD 88-1. 33.8 m

Feldspar-minor quartz crystal-lithIc eplclastlc.
Feldspar and matrix moderately serlcltlsed.

CRDBB-1. 49.1 m

Coarse-grained Ilthlc-crystal breccia with
rhyollte fragments to 8 mm. welded tuff
fragments. Most rocks feldspar-phyric. Most
feldspars show weak to moderate serlcltlsatlon
and carbonation. Some alteration may have
preceded sedimentation.

CRDBB-1.69.8m

Coarse-grained crystal-lithic eplclastlc. Weak to
moderate serlcltlsatlon. carbonation offeldspar.
PumIce and lithic clasts are dominantly felsic.
some basalt clasts. Minor chlorite after
ferromagneslans.

CRD BB-1. 99.0 m

MaInly vltrlc ash wIth beautifully preserved
shards. Quartz and feldspar to 0.3 mm. Very
weak serlclllsatlon of feldspar. mesh-type
serlcltlsallon In groundrnass. A few carbonate
patches are present.

CRD BB-1. 127.3 m

Strongly sertcltlsed rock with fine-grained
quartz-sericite matrix with mesh texture. Some

14

60806'1
rock fragments. quartz crystals and strongly
serlcltlsed feldspars to 0.3 rnrn. Shards not
dlscemable. A more altered version of the rock
at 162.4 m.

CRDBB-1. 143.3 m

Dolerite wIth sub-ophilic texture. Moderate
serlcltlsatlon of plagioclase. total chlorltlsatlon
of pyroxene. Patches and veins of carbonate.

CRDBB-1. 162.5 m

Vltrtc crystal tu rr with very indistinct shards to
0.5 mm. Fine-grained felsltlc groundmass.
Feldspar. very weakly carbonate altered and
quartz to 0.5 rnrn.

CRD BB-1. 167.7 m

PervaSively fractured rock with veining by
fine-grained micas and later quartz-carbonaIe.
Originally a _quartz-feldspar porphyry with
snowflake texture. Feldspar totally serlcltlsed.
Near a fault zone.

CRDBB-1. 214.5 m

Ophltlc dolerite. Randomly orientated. weakly
sericite and/or carbonate altered plagioclase to
2 mm long. pyroxenes altered to chlorite and
carbonate. skeletal magnetite? and minor
quartz In groundmass.

CRD BB-1. 217.2 m

Silicified siltstone with secondary silica ovoids.
Some early diagenetic and later fracture-fill
veining of carbonate and pyrite. One carbonate
vein Is folded with the axial surface trace of the
folds parallel to bedding.



Whole-rock oxygen isotope distribution in the Fukazawa-Kosaka area.
Hokuroku District. Japan. and its potential application to mineral

exploration.
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APPENDIX 3

by GEOFFREY R. GREEN. HIROSHI OHMaTO. JIRO DATE. AND ToSHIO TAKAHASHI

Economic Geology. Monograph 5. 1983. pp. 395-411.
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Ab,tract

Oxygen isotope analyses of 151 samples of Miocene volcanic and sedimentary rocks from
• 20 X lS-lcm area of the Hokuroku dl.trlct, Japan, llihowa consistent relationship between
alteration assemblages Ind &111() valu8s or whole reeJu. It'xt'lud'n8 qLlArl."tlt.oh ~..nth,~" ..... _'I'""h
are resistant to hydrothermal alteration, the 6"0 values of all types of igneous rocks (dacite,
andesite, basalt) and sedimentary rocks (tuff and mudstone) lie within the ranges of 16.9
± 2.7 (1 (J value) per mil in the zeolite zone, 11.1 ± 2.5 per mil in the montmorillonite zone,
and 6.7 ± 1.3 per mil in the sericite·chlorite zone. Essentially, all the Miocene rocks in the
Hokuroku district are altered to zeolite or higher grade zones.

Concentric zoning patterns of the whole·rock 45 1110 values and of alteration minerals are
particularly well developed in the footwall volcanics around the Fukazawa Kuroko deposit.
The aUIQ values of the whole rocks gradually increase from less than B per mil in the sericite­
chlorite zone that extends about 0.5 km outside of the ore zone, to B to 14 per mil in the
montmorillonite zone, a 1· to 3-km-wtde zone occurring outside the sericite·chlorite zone, to
mostly greater than 14 per mil in the peripheral zeolite zone.

In the hanging-wall rocks above the Fukazawa depo,il, 6"0 and mineralogical zonations
extend at least 400 m above the ore horizon (Le., to the present-day surface), but these zones
gradually contract upward. Such features together with the radiometric ages of the igneous
rocks suggest that the Fukazawa mine was the site of discharge of high-temperature (T
> 200°C) hydrothermal Ouid, for a period of over 3 million years, although the hydrothermal
activity may have been episodic and decreased in intensity with time.

Comparison of the spatial variation of 15 1110 values of the footwall rocks in the Fukazawa
area with that of Na, K, Mg, Ca, Sr, Cu, Pb, Zn, and S contents and of the magnetic susceptibility
shows that the areal extent of the 15 1/110 anomaly is much larger than that of other geochemical
anomalies. and that the variability of 61110 values within a sHe is much less than that of the
elemental compositions. This suggests that the analysis of whole-rock 61110 values is a useful
method of exploration for volcanogenic massive sulfide deposits (and also (or vein deposits
occurring in submarine volcanic sequences) during the reconnaissance stage whereas other
geochemical methods are more suitable in the development stage. In fact. 18 of 21 drill sites
where low 61110 «8%0) rocks were discovpred in this study are located within 1 km of known
KurQko-type or vein-type deposits. Analyses of whDle~rock hl"O values are also useful in the
exploration for these types of deposits in metamorphosed and deformed terrains. because the
oxygen isotope zoning is less likely to be destroyed than the alteration mineral zoning during
regional metamorphism.

The 611)0 values of the altered volcanic rocks around Ihe Kuroko deposits and their correlation
with alteration assemblages can be interpreted as a resull of interaction between the rocks and

Whole-Rock Oxygen Isotope Distribution in the
Fukazawa-Kosaka Area, Hokuroku District, Japan, and Its Potential

Application to Mineral Exploration

Oti3
£c:onom6t: e-JOD
MonosFlph 5, 1983, pp. 395-411 .
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TARl.E 1. Oxygen Isotope Composition and Alteration Mineralogy of Samplc$ £rom Ihe Hokuroku District

Location l

Drill Depth Rock 45 1110 Alteration
hole no. X y (m) unit l ("') zone:l Minerai assemblage·

J4 -118.9 228.9 62 T, 18.2 1 q. £S. mord, ml, anhy. cM. mont
2BB T. IB.7 1 '], moru. Is, sohy, mt, dol. mont, chi
373 0, 17.9 I q, fs, mard, c.'hl, m01l1

44B B,(I) 12.0 2 q. £So mont, chi. anhy, hi
640 Men 10.3 2
712 Men 11.9 2

HOl2 -129.5 253.7 203 T, 9.7 2
339 T. 11.3 2
427 M, lOA 2
505 0, 9.5 2

11033 -123.7 265.3 238 An, B.O 2
320 T. B.3 2

, 390 T. 8.7 2 q, fs. mont, ser, chi
47B T. 5.5 3 q, {s. mont, ser. chI. h. anhy, gy. py
490 T, 5.B 3
570 T, 4.6 3 q. fs. 54o'r. chi
592 T, 5.6 3 CJ, h, ser, I.:hl, anhy, gy

TKIBB -106.4 271.3 60 To IB.2 I fs. c.'risl. monl, py, mord
160 T, 19.6 I q, £S. mont, moru
360 T, 16.6 2 'I, fs. ka. mont
510 Do 9.5 2 '1, is. chI. llIonl
690 0, 9.9 2 <J, fs. ,·hl, ser, mOnl, ollby

TKI41 -116.7 276.8 30 Mo 12.1 2 q. gy. mont, py
270 T. 7.B 3 q. fs. ser, ('lIl, dol, gy. py
440 0, 6.0 3 q, fs. ~·r. chI. Py
610 D, B.O 3 C]. £S, scr, cllI, cal. py

GREEN. OHMOTO. DATE. AND TAKAHASHI

deposit and of determining some of the hydrological
characteristics, such as the size. temperature, and fluid/
rock rallo of the fluid discharge zone.

Area of Study

The area of this study is an approximately 20-km
(north-south) X lS-km (east-west) portion of the eastcrn
part of the Hokuroku district of Japan. which roughly
coincides with the area subjected to a detailed geo­
logical study hy Guber and Green (1983). This area
contains two major groups of Kuroko deposits. the Fu­
kazawa and Kosaka mines. and numerous Cu-Zn-Pb­
Ag-Au vein deposits of younger age. including: Tak­
arakura. Yamadate. Saruma, and Kanehata (see Tan­
imura et al.. 1983).

The 6"0 values of 149 whole-rock samples were
analyzed. of which 103 samples came from 26 drill
holes within S km of the Fukazawa mine. 43 samples
from 14 drill holes within S km of the Kosaka mine
and 3 samples from other parts in the area (see>T'l>bI~
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sea~ater at different lem~ratu~es (25°-200°C for the zeolite zone, 150°-300°C for the mont­
~ monllonlte zone, and ~O? -400 ~ .(or the sericite-chlorite zone) under water-dominated (Le.,

water/rock> I) conditions. This Interpretation also explains most of the hydrogen isotope
dala of the whole-rock samples (oD = -34 10 -80%0) from the Hokuroku district.
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• Present address: Geological Survey of Tasmania, P.O. nox 56.
Rosny Parle, Tasmania 7018, Australill. .

•• Present address: Kos.a1;a Mine, DowD; Mining Company, Lid.,
Kosaka, Akita on. Japan.
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Introduction
PREVIOUS stable isotope studies of volcanogenic massive
sulfide deposits have been aimed principally at deter­
mining the origin of the ore-forming fluids through
analyses of fluid inclusions or of gangue minerals from
orebodies (e.g., Ohmoto and Rye. 1974; Hattori and
Sakai, 1979; Ripley and Ohmoto, 1979; Kowalik et aI.,
1981) and have paid scant attention to the surrounding
rocks. However, the recognition of well-defined 6'"0
halos in whole rocks around mineralized zones in other
types of ore deposits, particularly the epithermal gold­
silver deposits (Taylor. 1974; Casadevall and Ohmoto.
1977), has prompted us to extend this approach to
volcanogenic massive sulfide deposits with the aims of
establishing a new exploration guide for this type of
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TABLE l-(ConHnued)

I Localion'
Drill Dep.h Rock 61110 Alleralion

hole no. X y (m) unit- <"'> zones Mineral assemblagc t

I 11030 -133.7 277.0 255 Do 7.6 3
347 0, 7.4 3
516 0, 6.0 3 q, oer, chI. a"hy, py
645 T, 6.2 3 q. s.er, chi. py

I
766 T, 7.2 3 q. ler, chi. h, py
851 T.<?j 7.1 3..,

TKI6B -117.9 282.6 120 T, 19.1 I q, fs. crisl, mont
400 Do 8.6 2 q. ls. mont

I 475 T, 15.6 2 q. dol, gy. mont
562 T, 10.7 2 q. set, py. len
680 D, 7.6 3 q. h, ier, py

I
TK58 -120.6 286.3 120 T, 10.6 4 q. h, ser, chi, dol. py. mont

150 M, 10.0 4 q. h. ser, chi, dol, pr. mont
240 T. 6.2 4 h, ser, chi, cal, py
380 B, 6.8 4 q. h. ser, chi. cal, dol
500 D, 5.5 3 q. ser, chi, py

I TK2.6 -125.8 288.3 30 To 7.0 3 q. fs. ser, chi
120 T, 6.9 3 q. ls, ser, chI. py
270 M. 6.0 3 q, fs, chi, py, 290 M, 5.1 3 10, chi
310 B, 6.1 3 q. set, chi. cal, py
350 n, 6.4 3 q, chi, py
"In I"~ ." n 111 ,,"t, .. 1111 "II'

I
H08 -115.7 2B9.9 436 T, 15.7 2

46B T, 10.5 2 'I. h, ser, chI. mont, dol. cal. gy, PY
497 D, B.B 2 fl. set, mont, aohy, py

TK45 -131.7 293.0 65 To 10.1 2 q. h, ser, chi. monl, py, 305 T, 11.1 2 q. Is. mont, py
4BO D, 6.5 3 q. ser, chi, py

TKI90 -156.9 294.2 381 0, 7.6 3 q. ser, chi, fs, dol
569 D, 6.3 3 q. ser, chi, ls. monl, cal. py, H047 -89.4 295.0 262 B, 12.5 2
434 T, 8.6 2
557 B, 10.5 2, OES -109.3 297.6 46 T, 19.4
340 D, 14.3 q. rs. mard, mont, ba

TKIIB -134.5 300.3 60 To 13.1 2 q. h. gy. mont, 160 T, 20.6 I q, h, monl, mocd
320 T, 13.0 2 q, sec, fs, gy. py, mont
410 D, 12.5 2 q. (5. sec, (:hl, cal. py

JIO~6 -161.5 300.8 477 T, 10.1 3 q, fso sec. chi. py, 527 D, 11.6 2 q, h. sec, chi, mont. cal, anhy
700 D, 10.5 3 q, h, sec, chi. cal, ba
749 D, 13.6 2 q. (s. sec, chi. monl. anhy

1I{)~f) -103.2 301.0 55 T, 22.4, 259 D, 19.7
384 D, IB.7
512 D, 14.9, n\ Ifil -140.0 305.2 150 Do 12.2 2 q, (s. nnhy. ka, mont
250 T, 17.6 I (I, ka, mOIl', moed
310 T, 15.2 I q, h, (Oill, ka, mont, Dnal
510 M, 133 2 q, (s., dol, ka, 690 0, 14.0 2 lj, fs. ~id, Jol

,
,
•
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TABLE l-(Contlnued)

• Location I

Drill Depth . Rock blNO Aheralion
hole no. X Y (m) unit' (lIo) zone3 Mineral assemblaget

• H034 -106.0 307.3 54 T, 21.2
240 D. 19.3
323 D. 17.0- 591 D. 13.9

• H042 -121.7 308.0 243 T. 13.3 2
357 D. 11.6 2 q. h. mont. ler, chi, .nh~ ep(?)

- TKI61 -106.7 317.8 110 T, 15.7

• 284 T. 15.4
381 D. 14.4

H039 -152.6 319.4 204 T. 15.2 1 q, Is. m. mont, anal, hl{?)- 296 T. 8.3 2(1)• 353 T, 15.0 I q. fs, anal. mont, chi. cal, mt, aohy
496 D. 14.7 I q, mont, chi, .ohy. fa. cal. ay. anal
616 D. 12.6 2 q. fa. ter, chi. mont, IY••nhy. Cla1

- 545 D. 11.2 2 q. £S, a.nal, mont, ser, chi, cal. aohy

• TK180 -142.9 322.1 60 T, 16.8 1 q. Is. ka, mont, mord

120 T, l7.8 I Q, kat mont. mord
164 T. 16.6 I q, kat mont, anal, mord- 240 T, 14.1 2 £S, cal, kilo. mont

• 540 T. 15.4 2 q. fs, mont
390 D, 15.7 I q, fs, cal, mord

MRI333 -95.6 325.1 85 T, 15.1 2 Q. fs, chI. mont. ser, cal. dol. py. anhy, gy
507 T, 10.6 2• TKI83 -152.5 335.4 561 D, I 1.6 1 q. mord. anal, dol

451 D. 16.8 2 q. fs , ser, chI. mont- 439 Dol 9.0 2 q. fSI seT. mont

• l(t'>o::lk:a arf'a

10:17 -89.6 340.0 211 T, 8.2 2• 428 D, 8.1 2
499 T.(?) 6.5 2(1)

MRI256 -105.1 542.6 60 T, 12.2 2

• 216 M. 9.5 2
492 D.(1) 9.2 2
567 D. 7.6 2(1)

MRII61 -67.7 331.9 253 T, 7.5 5 q. chI. seT, h• 284 T. 6.3 5 q. seT, py

MR933 -53.2 365.0 545 SS. 9.8,
MRI338 -66.2 366.7 133 T, 12.6 2

~ 200 T, 7.5 2
351 D, 9.2 2
478 D, 7.9 2, MR1517 -59.4 576.4 67 T, 20.5 1 (S, mont, mord. calc
207 D, 9.1 2
360 T. 12.1 2
399 T. 113 2 q, h, ser, manl, chi, py, 410 D. 12.0 2 q, rs. ser, mont. cal, ht
479 M, 9.7 2 q, fs, monl, chi
52.'5 55 13.3 q, f~, l'hl. ser, allh)', p)'

MRl345 -69.7 364.6 164 Qtz from 8.6
,I

"• D,

•

I
•



I The coordinates X {E.W) and Y (N-S) are those useod by the Dowa Milling Company. Lid.; sce Figure -4 (or reference points; sample.!!
are arranged from south to north

, R'lCk unit code is as follows: An III" andesite. B .. basah, D "'" dacite or rhyolite, Dol .. dolerile, M "" mudstone. Men ... Menaichi7.0.wa
Fornl.. tion.O.Q.O... Ohlalei (quartz) diorite, Qlz ... quarlz. 55 - Sasahato Formation. T - tuff or tuff lm."i.'da; subscript rna refen tu muddy
matri], or pelitic clast material: subscript numhers refer to the relalive age; 0, the youngesl, 10 3, Ihe olde~l; the Kuroko ore horizon lies
I..... twt·l"n (T, or 0:1) and (T, . M,. or 8:)

:l Aheration zones are based on the study by Date el al. (l983) and Ihis study: 1 "" zeolite zone, 2 "" montmorillonite zone, 3 ... sericite­
dlJurile zone, and -4 ." Na monlmorillonile zone

.. Mineral abbreviations are as follows: anal""" Ilnalcime, aohy ." anhydrite, ba .. btlrile, cal"'" calcile, chi ... chlorite, clino "'" dinoplilolile.
~'da:1 .. crislobalile. dol .. dolomite, ep - epidote, f, .. feldspar (mostly plagioclase), gy - Iypsum. hi .. ht!malile, JII - illile, ku. - kaolinite.
m(Jnt .., mOnlmoriIJonile, mord ... mordenite, mt ... magnetite', py """ pyrile. q ... quartz. ser ... seridle. sid"" siderire
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TARLt l-(Con((nued)

Location'
DrHl Depth Rock 61110 Alleration

hole no. X Y (m) unit' (~) :toile" Mlnenll usemblage4

MR983 -86.0 389.3 H7 I), 16,4 I q. (S, mord. dina. monl, Doh)'. ".1
270 T. 127 2 q. (5. Ka. mont. sel", (:al, dot
301 T, 13.1 2 Q. mont, chi, fs. cOIl, py

MR1224 -25.3 368.4 715 T, 8.5 2

MR 1241 -26.0 392.2 338 T. 12.8 2
416 T, IH 2
508 An,(') 11.8 2 C). fs. chi, mont, cal. aohr

MRI248 -~7.4 398.8 )00 T. 8.7 2 q. (5. ser, chI. monl. py. &lohy
128 T. 8.6 2 <1. h. chi, 5oer, mont, sohy
169 Ion. 6.9 2
326 T, 4.9 3 q. ill. chi, fs. cal. aohy, py
364 T. 10.7 2 q. fs, chi, ser, mont, ka
388 SS_ 8.7 2 q. ill. mont, pr. hi, l'al, sohy

MR959 -84.0 400.9 80 T. 14.7 I q. h. anal. py. sohy. mon', dol
105 T, 14.0 2 q. h, sec, motlt. cal. nuhy, py
200 T, 16.8 2 q. fs. monl. l'hl. cal, gy

T6 -37.8 41.5.5 237 T, 9.5 2 q. (S, chi, 5ef. nohy, py. ba. mnnl
397 T, 7.5 2
416 SS_ 4.3

11048 -158.7 427.5 408 D. 1M 2
QI:l from 7.6

above

X/18 -88.0 471.8 351 55_ 6.3

(J V18SF 10 J)Surfal'e. FukOlUW8 O.Q.D. 7.1
Qlz {film 6.8

above

~
I'
I
I
I
I
I
I
I
I
J
I
J
I
I,

J for sample locations). Our efforls were conc"nlrated
around the Fukauwa mine since excellent badcground
information exists in the form. of whole-rock chemical
and mineralogical data (Date and Tanimura. HJ73.
1974; Ishikawa et al .. 1976; Dale et al.. 1979, 1983).
Previous investigations of the whole-rock oXY~f>n iso­
tope distributiolls nround massive sulfide deposils JlilV~

foctI\l'd on preore sequences (Beaty and Taylor. 191>Oa
and b: Hattori and Mtlehlenbachs, 19130; Kowalik et
al.. 19131). However. Ihe occurrence of well-defined
alleralion halos both below and ahove lhe Kuroko de­
posits has encouraged Wi to devole equ31 attention to
both pre- and poslore rocks.

The immediate footwall (i.e.. preore) rocks of Ihe
Kuroko deposils are essentially identical in the Kosaka
and Fukazawa mine areas and are composed of Jac..'ilic
tuff breccia and luffs (T. and T. unils) and nearly
contemporaneous flows and domes of dacite (D,3 and
D. tlnits). The T•. T•. D•. and D. unilS are collectively
called Ihe Uwamuki Formation in the Kosak. area and
the Yukisawa Formation in the Fukazawa area (sce
Tanimura et al.. 1983). In the following ioterpretation
of the hydrology of ore-forming systems, Ihe im ['orlan I
differences between Ihe Iwo areas are Ihe Ihicklless of
these volcanic units and the lithology and thickocss of
unils underlying them. In Ihe Kosab area, the Uwa-
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muki Formation is only 50 to 300 m in thickness and
Is underlain by the thin (0-150-m-Ihick) Sasahata For­
mation, a conglomerate and sandstone unit derived
from basement quartzite, schist, and slate (Tanimura
et al., 1983), lying unconformably on the Paleozoic
basement rocks. /n the Fukazawa area, the Yukisawa
Formation is 350 10 650 m in thickness and is underlain
by at least 300 m of the Menaichizawa Formation, a
stratigraphic equivalent of the Sasahata Formation, but

- which consists predominantly of andesite flows and
tuff breccia. Within a few kilometer radius of the Fu­
kazawa mine, the Paleozoic basement rocks have not
been encountered by any drill hole.

The hanging-wall (i.e., postore) rock sequence is
similar between the two areas and is comprised mostly
of interbedded dacitic tuffs (T" T.. and To units) and
mudstones (M., M.. and Mo~nits) except in some areas
in the Fukazawa mine, where the ores are directly
overlain by an approximately 30-m-thick basalt flow
(8. unit). Except for the local basalts, the post-Kuroko
igneous activity is characterized by a general lack of
flows but by an abundance of intrusives of dacite (D.,
0" and Do units), andesite (An. and An, units), and
dolerite (Tanimura el aI., /983).

Analytical Techniques

For oxygen isotope analyses of whole-rock samples
and quartz separates, finely powdered samples were
reacted with BrF. at 600' ± 30'C in nickel reaction
vessels for a minimum of 12 hours (Clayton and May­
eela, 1963). The liberated O. was then converted to
CO. hy reaction with hot graphite discs. For hydrogen
isotope analyses, water from rock samples was liberated
by induction heating in vacuo to melting. Any hydrogen
produced in this process was converted back to H,O
by reacting with CuO at 450·C. Water was then con­
verted to H, through reaction with uranium at BOO'C,
following the method of Godfrey (1962). Isotope anal­
yses were performed on either a 3-inch (for 0 and H)
or a 6·inch (for 0) radius mass spectrometer equipped
with dual inlet and double collector systems and con­
slructed by the Nuclide Corporation. All isotope anal­
yses are reported as per mil deviation from the SMOW
slandard. Overall precision of analyses was about ±O.I
per mil for 6'"0 and ±I per mil for 60 values.

Many of the samples analyzed in this study are Ihose
previously inve'tigated by one of us (J.D.) fnr alteralion
assemblages and for major and Iract element contents
(reported in Date and Watanabe, 1979; Date et aI.,
1979, 1983). An additional 20 samples were analyzcd
for major and tracc e1emcnl contcnts by X-roy Assay
Laboratories, Ontario, and for CI by M. E. Campbell
for the U. S. Geological Survey, Reslon, Virginia. Thin
scctions werc madc from approximately 100 samplcs
and examined by the senior <luthor for mineralogy aod
((·x\ur('s.

608074

Results and Interpret.tion

The 6"0 values of 149 whole-rock samples range
from 4.3 to 22.4 per mil, three samples of quartz sep­
arated from dacites r.nge from 6.8 to 8.6 per mil, and
the 60 values of six whole-rock samples range from
-56.2 to -100.9 per mil (Tables I and 2). The
most significant trends in the data are discussed
below.

Correlation of 6'·0 values with
alteration mineralogy

The existence of a correlation between the whole­
rock 6"0 values .nd alteration mineralogy and a trend
of increasing 6"0 values toward the alteration zones
of lower temperature was first reported by us (Green
et aI., 1980) and was based on the analyses of ap­
proximately 70 samples from the Fukazawa are•. Ad­
ditional data obtained since then from lhe Kosaka area
as well as the Fukazawa area are in accordance wit h
these findings.

Several schemes have been proposed for division of
alteration zones around the Kuroko deposits (e.g.,
Iijima, 1974: Shirozu, 1974: Izawa et aI., 1978; Utada
et aI., 1981). In this paper we have followed a simple
cl8.5sJffcation presented in the preceding paper by Ooto
et al. (1983): zone I or zeolite zone, characterized by
mineral assemblages of c1inoptilolite + mordenile
+ Mg· Na-type montmorillonite ± cristobalite or an­
alcime + Mg· Na-type montmorillonite + quartz
± calcite ± sericite ± Fe-rich chlorite; zone II or
montmorillonite zone, characterized by Mg' Ca-type
montmorillonite + quartz ± kaolinite ± calcite ± ser­
icite ± Fe-rich chlorite: and zone /II or sericite-chlorite
zone, characterized by quartz + sericite ± Mg-rich
chlorite.

An important characteristic of the alteration asso­
cialed with the Kuroko deposits is the change in the
alteration features of plagioclase. As noticed by many
previous investigators (e.g., Iijima, 1974; Shirozu, 1974;
Date et aI., 1983) and also in this study (see Table 3),
primary plagioclase is usually unaltered in the zeolite

TAnLE 2. Hydrogen Isotope Composition of Whole-Rock
Samples from the Holc.uroku Dislrict, Japan

AlterOlli(ln
Drill hole no. Depth (m) Rock unit m l%') zone

11033 478 T, -56.2 2
490 T, -686 3

H039 204 T. -82.9 1
296 T, -100.9 2('1
353 T, -84.6 I
545 D, -729 2

Sloe T.able 1 for the IOCQllons and d.:mificalJons of rock units and
.I!rr.:llion zon(~s

.'
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Major Elemenl and p, .~ral·hic Data of Whole-Rock Samples from the Fukazawa Areal
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TARLE 3.

Sample m ± ore Alteralion Plagioclast·
number horizon! Rock unit zones aheration~ ~i~ AltO" Cao MgO NatO K,O ~FeO MnO TiD. P,Ot lUJ

TK26·225 +204 T, 3 .b '/3.7 12.4 0.19 3.86 1.69 2.46 2.45 0.15 0.27 0.04 2.~

TK26·340 +89 B,' 3 .b 50.9 15.9 0.73 8.65 1.94 1.22. 11.4 0.50 1.30 0.11 .c.a
TK26·460 -31 0, 3 d-q '.7.0 10.4 0.07 1.64 <0.01 2.04 4.03 0.06 0.18 0.02 U

C
TK26·514 -85 0. 3 d-q . 2.7 10.9 0.22 3.63 <0.01 2.56 5.18 0.16 0.18 0.02 V ~

'"C
TK45-47.3 +351 T. 2 "2.4 12.7 0.17 2.26 2.24 3.46 2.80 0.22 0.35 0.05 2.U Cl

."
TK45·86 +312 T. 2 c + ab 6i.7 14.1 0.24 3.04 1.48 5.74 3.60 0.23 0.51 0.08 2.fj '"
TK45·329.4 +69 T, 2 ab + c 71.5 13.7 1.26 1.55 3.05 2.37 2.79 0.13 0.39 0.05 I.U

\)
in

TK45·481.6 -84 D, 3 d-q 69.8 13.8 0.14 2.69 <0.01 3.81 4.40 0.05 0.23 0.03 27 ;l
~

'"co:
TK58·48.2 +398 To 4 K i4.3 12.6 0.57 1.40 0.58 3.12 2.24 0.10 0.29 0.03 2.~, ::!
TK58-222.7 +223 T, 4 IC ill.l 10.2 1.45 1.34 0.76 2.73 1.04 0.09 0.33 0.05 I.:', C

Z
TK58-331.6 +114 tuff in M. 4 ab + c 69.1 13.8 2.24 2.38 2.67 2.19 3.07 0.15 0.56 0.11 2.2 ...

d-q+py
."

TK58-453 -7 D, 3 72.0 14.0 0.36 2.02 <0.01 4.14 2.09 0.02 0.23 0.03 2.!" jl!
j;j

TKI18·67.5 +222 T. 1 (or 2) p,l 66.6 14.1 2.47 1.88 3.10 1.30 3.44 0.08 0.39 0.06 3.:. \)

TIC1l8·174.2 +114 To I p, i 71.5 13.0 1.37 1.84 2.09 3.12 2.56 0.05 0.30 0.04 2.U Cl
TKlI8·:J67 -98 D, 2 K+c,a+l-' 73.9 13.4 0.37 1.14 4.70 1.68 2.63 0.06 0.22 0.03 1.5 '"><
TK 118·443 -154 D, 2 71.9 12.3 2.37 1.30 2.39 2.56 2.58 0.09 0.22 0.03 2.U

."
a-g±c ,...

C
'"...

TK 180·41.5 +287 To I p 70.3 12.7 1.82 1.16 3.54 1.58 2.48 0.10 0.33 0.05 3.~, ::!
TK 180-170.8 +157 T, I P 76.5 10.8 0.56 1.05 1.43 5.08 1.70 0.06 0.28 0.04 2.11 C

Z
T K160-353.3 -25 D, I (or 2) p 7<.3 13.7 0.65 0.82 6.15 1.41 1.54 0.04 0.16 0.02 1.1

TK180-407 -79 D, I (or 2) p "/9.8 9.85 0.76 0.86 3.01 2.50 1.62 0.04 0.12 0.01 O.lI

I Ana1rse$ by X-ray Assar Laboralories. Don Mills. Ontario, Canada; weir ~ percent values
r Height of sample wilh respeci to ore horizon (lop of T:s) in melers C)
3 1 = zeolile lone. 2 = montmorillonile zone. 3 c sericite-chlorile lone, .: "" Na montmorillonite zone
4 Alteration products or plagioclase: ab E: albile. d - q. py -= plagiocl:J: di!>5ol'Ved. 'Void in filled ..... ilh qtw1z and pyrite. c = carbonate. X = K.reldspar. p = primary plagiOC'b~" 0

i = incipient c1;1y :.heralion. a = anhydrite. g >II gypsum 00
0
---J
'-'.......

0-
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Flc. I. Whole-rocle 6180 values of Miocene volcunic and scdi-

I menta')' rocks Crom Ihe' Holcuroku district. grouped by alleralion woes.
1::':al:h square represenls one sample. Mon!. - montmorillonllc.scr.
"" ~ricile. chI. = chlorite, av. I: average.

Zeolile ".Facies I

_______·IL~rhn...
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I
Facies
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zone; is replaced by albite, K-feldspRr, calcite, and
anhydrite (or gypsum) in the montmorillonite zone;
and is mostly dissolved and replaced by quartz in the
central part of the sericite-chlorite zone. Replacement
of plagioclase by K-feldspar, a feature commonly ob­
served in the intermediate alteration zone of many
other Kuroko deposits (e.g., Iijima, 1974; Utada et aI.,
19BI), has not been observed in the Fukazawa area
until this study. Its absence has been used by some

-investigators (e.g., Utada et aI., 19B1) as evidence to
suggest that the .Iteration zones around the Fukazawa
Kuroko deposits were related to the younger vein min­
eralization. However, our discovery of K.feldspar re­
placement of plagioclase in the montmorillonite zone
suggests that the alteration zones around the Fukazawa
deposit are similar to those in the other Kuroko deposits.

The 6'·0 values of whole rocks, excluding those of
the Sasahata sandstone, are compared to the alteration
mineralogy in Figure 1. Date et al. (1983) have rec­
ognized a fourth alteration zone (Na montmorillonite
zone), which occurs in a restricted area in the hanging­
wall rocks in the Fukazawa mine. We have included
the data from wne IV in zone II, because the rocks
in zone IV are similar in mineral assemblage to those
in zone /I exccpt for the type of montmorillonite, be­
['OU'D only Q Ifrto.ll numbor of xono IV .ample; woro
analyzed, and because their 6'·0 values are generally
indistinguishable from those of zone II rocks. Figure
1 shows a trend of higher values and a broader range
of 6'"0 values from the higher to the lower temperature
alteration zones. Within an alteration zone, the 6'·0
values among dacites. basalts. andesites, tuffs, and
mudstone are indistinguishable. The average and the
standard deviation (1 (1) of the 6'·0 values are as fol­
lows: zeolite zone, 16.9 :t 2.7 per mil (n = 34); mont­
morillonite zone, 11.1 :t 2.5 per mil (n = 74); and
sericite-chlorite zone. 6.7 :t 1.3 per mil (n = 31).
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Flc. g, Are.1 dlllributlon of Ihe whole·rOC'~ "·0 value'S o( (001 ...... 11
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Spatial distribution of 6180 values

Comparisons between the spatial dislribution of Ihe
6'·0 values and Ihe alleralion mineral assemblages in
the Fukazawa area are made in Figures 2 and 3a and
b, These ligures show that the alleration zones in bolh
the footwall and hanging-wall rocks change from I 10
II and then to III approaching the ore zone. The cor­
relation betwen the 6'·0 values and the alteration min­
eralogy is excellent in north, northwest, easl, and
southeast direclions from the Fukazawa mine. In bolh
the footwall and the hanging-wall rocks, the 6"0 values
of rocks in the sericite-chlorite zone fall within a range
of 5.1 to B per mil, gradually increase oUlward to H
to 14 per mil in the montmorillonite zone, and to
values greater than 14 per mil in the outermost zeoli 1<'
zone. The fact Ihat the low 6'"0 sericite-chlorite 01·
leralion zone contracls in the lJanging-wall rocks (Fig.
3a and b) suggests Ihat the overall intensity of hydro­
thermal activity decreased with time. However. Ih..
existence of the sericite-chlorite and montmorillonik
zones throughout the >400-m hangiog-wall-rock ",.
quellee suggests thai high-temperature hydrolh"'lIIal
activity persisted over a long period of time, IN,d",/"
over a 3~m.y. period according to the raJiornctril.· &Jgt'S

of dacites (Tanimura et aI., 1983), possibly IIOt ,·.,n·
tinuously, bUI intermittenlly according 10 Ihe IllI'rrn,,1
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Flc.3. <a) Whole-rock (w.r.) ~I"O values of pre- and postore rocks in drill holes along section A-A' in
Figure 2. (b) Alteration zones along the same cross section as (a). Modified from Date et 81. (1983).

403

SOUl.

A'

••
TlOII

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

'i-_....l.._.....J, ••

ward and the minimum value occurs in the lowest
part. However, the alteration boundaries are often ir­
regular (e.g., TK141 in Fig. 3a), and the minimum
6"0 value may sometimes occur in the hanging.wall
rocks. Figure 4 shows that 18 of the 21 drill holes in
which the minimum 6"0 values are less than 8 per
mil are situated within I km of known mineralization.
This ·supportl the Idea that the low ~"o halos ora
associated wllh the slles of mineralization and that the
investigation of whole-rock 0"0 values is indeed an
excellent method of exploration for massive sulfide and
vein deposits that occur in submarine volcanic se­
quences. It also suggests the presence of yet undis­
covered Kuroko-type or vein-type mineralization in
three other- dr-ill hole areas where the .5 1'0 values are
less than 8 per mil.

Comparison of 6180 and othpr (Jend'(>'·TJ!·r.~! !:tJ!rs

Previously known geochemical halos around the Fu­
kazawa mine are those of the major clements (Na, K,
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history reconstructed by Pisutha-Arnond and Ohmoto
(1983).

The 6"0 zoning and its correlation with the alter­
alion mineral zoning are not as well defined in the
western part of the Fukazawa area (see Fig. 2). In this
area, some of the rocks in the montmorillonite zone
show 6"0 values less than 8 per mil. However, the
fact that these abnormal samples come from a north­
west-southwest trending zone which hosts many youn­
ger vein deposits, such as the Shinsawa, Zogakura,
Kanayamazawa, Takarakura, and Saruma deposits,
suggests that these low 6"0 values were produced by
hydrothermal activity related to the younger vein for­
mation.

In Figure 4, the minimum 6"0 value of felsic vol­
canic rocks (excluding Do) from each drill hole in the
entire area studied is compared with the sites of known
Kuroko depo~iis. of younger ,,('in deposits. nnn "f heo\'\'
,. 1

t;:d~. ~il:,H':i ...... I.i.~,',j\Jii ~11L.0uli1treu u)' uril mg. In most

drill holes, the 6"0 values gradually decrease down-
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1. The Na,O content of the footwall dacite increases
from 2.3 ± 0,6 wt percent in Ihe zeolile zone 10 3,5
± 1.5 wt percent in the montmorillonite zone ali<I
decreases markedly 10 less than 0.1 wt percent in the
central part of the sericite-chlorite zone,

2. The K,O content decreases from 3,0 ± 1.5 wi
percent in the zeolite zone 10 2,0 ± 1.0 wi percent in
the montmorillonite zone and increases 10 as high as

chemical parameters. The values of 5r content in Figure
5f are from those in Table 4, but the data on other
elements are based on analyses by Ihe Dowa Millillll
Company of 10 to 30 samples from each drill hole,
Some of the prominent features in Ihesc results are as
follows:

o~·
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Flc. 4. Minimum 61110 values of drill hole samplcs of felsic volcanic rocles, excluding Do from the easlern
Hokuroku district compared wit}. the sites of known mineralization. Sill: data poinls in the Kosaka mine are
those from Hattori and Muehlenbachs (19BO). See Table I, footnole I, for meaning of X and Y.
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Mg, Ca), the heavy metals (Cu, Pb, Zn), sulfur contents,
the Feo'/Fe+2 ratio, and the magn~tic susceptibility
to the fo,twall and hanging-wall rocks (Date and Tan­
imura, 1973, 1974; Date et aI., 1979, 1983; lzawa et
aI., 1978; Ishikawa .et aI., 1976; Yamana and Hash­
iguchi, 1982), In addition to the 0"0 halo, this study
has identified a zone of 5r depletion around the Fu­
kazawa deposit, a feature noted in the massive sulfide
deposits at Woodlawn, Australia (Petersen and Lam­
bert, 1979), and Rosebery, Australia (Green et aI.,
1981).

In Figure 5a to k, the variations in the 0"0 values
of fuotwall dacite (0, unit) in the drill holes along a
section transecting the Fukazawa deposit from north
to southeast are compared with those in other gco-
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FlC:.:-. C'~'~f_'!!r:.!:l..=ls uf the 61"0 values of footwall dacile. alteration zones, and other ~eochemical halos
.Ion~ 5("('fjon A-.\';/I th,. FlIkaza",8 arp:J IFit:!. 2) rir("}('.~ rrr(i"~/'n' Ih.· I.!"" .. ,,',':.i.~,·.-I ;. d;.; .- I,. ;"I',r.

--I' J ....-. ",' '. ' . •• _. ..' ...... ' .'.,. co '.... "'''.'' jJ.. j .. ";~ • .:I~ \I,;'b" j"41V, i\lgO. Cu.
mil.gllt:lIC susceptibililY) of 10 to 30 samples per drill hole analyzed by the Dowa Mining Company (unpub.
data); open symbols are for rocks in the Na monlmorillonile zone in drill hole 168; lines connect the avera.ge
values; k is the magnetic susceptibility of whole rock; note the logarithmic scale for (g) through (k).
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in the mineral assemblages: decreasing abundance of
primary plagioclase (i.e., loss of Na, Ca, and Sr) and
increasing abundances of sericite (Le., increase in K)
and Mg-rich chlorite (Le., increase in Mg) from rocks
in the zeolite zone to those in lhe sericite-chlorite zone.

7. The heavy melal conlenls in the zeoli Ie zone are
fairly uniform: 2.8 ± 1.5 ppm for Cu, 17 ± 7 ppm for
Pb. and 79 ± 36 ppm for Zn. The average melal con­
tents in the monlmorillonite zone are similar to those
in lhe zeolile zone, but the variations are larger. The
average metal contents and the variations in the ser­
icile-chlorite zone are much higher than those in Ihe
montmoriJlonite zone. Some rocks in the sericite-chJo­
rile zone are depleted. rather than enriched, in the
heavy melals.

8. The sulfur contenl in the zeoli Ie zone ranges from
0.01 to 0.1 wt percenl gradually increases in Ihe monl­
morillonile zone, and reaches values grealer lhan 0.5
wt percent ;n the sericite zone.

9. The magnetic susceptibility of rocks in the zeolite

• i: I·Jl
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~~~ J..:\ yl~

~:I i. A' ' '""1
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CoO
Iw''')

5, too [ III]

(ppm) ~ [L...__~=========~":;._,:::! ,- ]

MgO
(WI.")

K,O
(wt.%)

10 wt percent in the sericite-chlorite zone. However,
the rocks with the highest K.O conlents occur outside
of the are zone, as in TKI68 and TKI41 in Figure 5c.

3. The MgO content increase. gradually from 0.7
± 0.4 wt percent in the zeolite zone to about 1.0
± 0.5 wt percent in the montmorillonite zone and to
210 6 wt percent in Ihe are zone of the .ericite-ehlorite
zone. However, outside the ore zone some rocks in the
sericite-chlorite zone have MgO contents as low as
lhose in the zeolite zone (see data ofTKI68 and TK141
ill Fig. 5d).

4. The CaO contenl decreases gradually from 1.2
± 1.0 wt percent in the zeolite zone 10 0.7 ± 0.5 wt
percent in the montmorillonite zone and to less than
0.1 wt percent in the sericite-chlorite zone.

5. The Sr contcnl decreases from about 100 ppm
ill the montmorillonite zone to less lhan 10 ppm (Le.,
dctcclion limit) in the sericite-chlorile zone.

6. Thc above changes in the major clement and Sr
conlcllts arc whal onc would expect from the changes
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TARLE 4. Volatile and Minor Element Conlents of Whole Rocks from the Fukazawa Area

CO, S Cl Zr Rb Sr Cu Pb Zn.
TK26·225 <0.1 0.19 18 130 40 50 3 12 100
TK26·340 0.3 0.13 15 50 <10 20 11 16 190
TK26·460 <0.1 2.31 12 120 60 <10 4 24 130
TK26·51O 0.1 2.64 22 150 70 <10 3 12 49

TK45·47.3 0.1 0.43 IB 140 50 30 69 320 1330
TK45·86 <0.1 0.24 36 100 70 60 10 16 160
TK45-329.4 O.B 0.39 45 140 40 80 3 12 56
TK45·4B1.6 0.1 2.70 19 170 BO <10 12 200 190

TK5B·4B.2 0.4 0.72 29 100 50 10 4 20 91
TK5B·222.7 1.4 0.43 IB 100 60 30 3 8 25
TK5B·331.6 1.5 0.09 13 110 60 100 4 B 66
TK5B·453 <0.1 1.61 19 210 110 <10 140 36 3B

TKIIB·67.5 0.1 0.21 16 130 60 IBO 6 20 72
TKI18·174.2 0.1 0.20 13 120 30 100 2 16 69
TK118-387 0.1 <0.10 17 180 40 90 1 B 61
TK1I8-443 Ll 0.B9 18 140 70 110 <I 12 53

TK180-41.5 0.2 O.IB 13 140 <10 240 3 12 51
TKlBO-170.8 0.1 0.25 12 80 90 40 7 24 62
TK 160-353.3 0.1 0.02 16 150 10 BO 1 12 64
TKIBO-407 0.3 0.05 12 100 60 100 1 12 46

CI analtH" by K Camf.bell. U. s. Geolo~lcal Survey. ne.lon, Vlrglnl.;, other analyses by X-ray Asso.y Labor.lorles, Ontario. Canllda:
"on".ol,.1 on unll. ar. wa »ht PMrv.nl lur U '. and I Illd I'pm 111, ,,,_ "'h",.
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zone is (100 ± 30) X 10-6 cgs, is similar in average
value but shows a larger variation in the-montmoril­
lonite zone, and decreases to less than 18 X 10'6 cgs
in the sericite-chlorite zone.

10. The above trends-increasing contents of the
heavy metals and sulfur, decreasing magnetic suscep­
tibility, as well as increasing Fe+3/Fe" toward the
sericite-chlorite zone (Date et aI., 1983)-are also what
one would expect from the reactions of the metal- and
sulfur-bearing hydrothermal fluids with the magnetite­
bearing dacite at high temperatures.

There are two important differences between the
6'80 halo and the other geochemical halos. One is that
the 6"0 halo extends over a much larger area. For
example, rocks with 6'·0 values less than 14 per mil
may OCcur 1 to 2 km away from the edge of the ore
zone, whereas the zones of low Na, high Mg, low Ca,
low Sr, and high metal contents can be recognized
only in an area less than IJ<m from the ore zone. The
second characteristic is that the magnitude of variation
in the 6'60 values among rocks from a drill hole is
generally less than that in the elemental concentration,
particularly for heavy metals. These two characteristics
of the 6'60 halo reflect the fact that there is an excellent
correlation between the ljlllO values and the alteration
mineral assemblage, that the variation in the 61'0 values
within an alteration zone is less than ±2.5 per mil,
and that the montmorillonite zone extends much farther
than the areas with elemental anomalies. These char-

acteristics of the 6'80 halo then suggest that the ana.ly~jr~ .
of oxygen isotope composition of whole-rock samples
is particularly useful during a reconnaissance stage of
exploration of volcanogenic massive sulfide deposits.
The analysis of only a few samples may define a po.
tential area, while many more analyses of heavy metal
contents are required to identify a potentiaillrea. On
the other hand, other geochemical investigations are
more useful in locating a specific target.

The existence of a strong correlation between the
15 180 values and the alteration mineral zoning around
the Kuroko deposits may indicate that a study of al­
teration mineral assemblages, which is certainly much
easier than a study of 6"0, is a more practical method
of exploration of volcanogenic massive sulfide deposits.
This may be true of exploration for younger and un­
metamorphosed deposits but not for exploration of this
type of deposit in metamorphosed terrains.

Terrains containing volcanogenic massive sulfide
deposits commonly have been subjected to greenschist
facies or higher grade metamorphism. This activity
could destroy evidence of zeolite and montmorillonite
zone rocks. Some subtle clues for the fringe zone of
alteration, such as the replacement of plagioclase by
K-feldspar and carbonate, may persist in rocks mela·
morphosed to greenschist facies (e.g_, Green et aI.,
1981), and a weak trend in some elements such as Mg
and Ca might remain, but these effects might well
escape cursory examination. However, the oxygen iso­
tope zonation would likely be preserved because reo



the inertness of quartz to isotopic exchange and a
change in the whole-rock 6180 value is shown by one
sample of O2 dacite which shows 7.6 per mil for quartz
and 15.6 per mil for whole rock.

According to the Buid inclusion analyses by Pisutha­
Amond and Ohmolo (1983), the CO2 content in the
hydrolhermal fluids involved in the Kuroko mineral­
ization and later vein mineralization was less than 0.3
moles/kg H20. Therefore, the oxygen isotope exchange
reaction between fluids and rocks in the Hokuroku
district may be considered as simple water-rock in­
teraction. The change in the 6180 value of rock due
to water-rock interaction can be evaluated from the
following equation:

= 6180l· X: + (6'80~ - A~)' X~, (I)

(see Sheppard et aI., 1969, and Taylor, 1971, for similar
equalions) where superscripts i and f refer respectively
to the initial state (Le., before water-rock interaction)
and the final slate (Le., after interaction), subscripts r
and w, respectively, to rock and water, X to the atomic
fraction of oxygen in rock or water with respect to the
total number of oxygen atoms in the rock + water
system. and .6~ to the isotopic fractionation factor be­
tween rock and water in the final stale.

If the amount of H 20 transferred between rock
and water durin~ reaction is negligible (Le., X~

= X~ and X: = X,), the final 6180 value of rock can
be expressed as

w
1+-

r

where w/r is the water/rock ratio expres.,ed in atom
proportion of oxygen which Is approximately twice
the water/rock mass ratio for most systems (Ohmoto
and Rye, 1974).

The most serious problem in the application of
equation (2) to natural systems is the seJection of A~
values, because rocks are composed of more than one
mineral phase and the mineral-water fractionation fac­
tors can be either equilibrium or kinetic isotopic frac­
lionation factors. The common approaches have been
to use the equilibrium fractionation factors of plagio­
clase-H20 (e.g., Taylor, 1979) or muscovite-H 20 (e.g.,
Spooner el al.. 1977) for the tI~ values. Cathles (1983)
has adopted the smectite-H 20 fractionat ion factors de­
termined by Cole (1980) for interpretation of the ox­
ygen isotope history of water and rock in the Ilokuroku
district.

[n Ihis study, we have followed Taylors approach
(e.g., 1979) and used the equation:

(2)

'''' - .
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gional metamorphism is generally a process operating
under low water/rock ratios. The generally smooth
oxygen isotope profiles around the Kuroko deposits
suggests sampling every two hundred meters or so
across strike would be sufficient. necause the 6"0 val­
ues generally decrease toward the footwall rocks, more
detailed sampling might even provide evidence of the
facing direction of volcanic sequences and evidence
of faulting, which are often difficult to establish in
deformed and metamorphosed volcanic terrains.

Of particular importance to exploration for massive
sulfide deposits in metamorphosed terrains, the Fu­
kazawa case study has shown that the oxygen isotope
halo is well defined both in the footwall and hanging­
wall volcanic sequences. This comes from the apparent
longevity of hydrothermal systems having consistent
6"0 values of water (see later). The effects of alteration
in the postore rocks are not as clearly shown by the
other geochemical paramcters. Thus oxygen isotope
analyses may have particular application in terrains
where the recognition of a host-rock horizon for massive
sulfide mineralization is difficult.

For successful application of the technique, it should
be realized that rock mineralogy can exert a major
inBuence on the oxygen isotope composition of bulk­
rock samples. For exampJe, quartz is resistant to isotopic-'~

exchange (see later). Therefore, rocks containing a high
proporlion of qllortz phenocrysts or quartz-rich xen­
oliths should be avoided. In addition, allowance must
be made for different rock-water fractionalion factors
among differenl minerals. For example, a mineral as­
semblage rich in quartz will have a higher 6180 value
under equivalenl conditions of temperature and water/
rock ratio Ihan a rock dominated by chlorite (e.g.,
Taylor, 1979). This effect may account for the sharp
change in 6180 values between the dacites and basalts
from drill hole J-4 (Table I).

Origin of the alteration zones

Phenocryst quartz is not abundant in the rocks from
the Hokuroku district, but three samples of igneous
quartz show a 6180 range of 6.8 to 8.6 per mil (see
Table I). These values, togelher with the equilibrium
isOlope fractionation factors between quartz and other
igneous materials at magmatic temperatures (Taylor,
1979) and with the commonly observed feature in al­
tered volcanic sequences Ihat quartz is resistant 10 sub­
sequenl isotopic exchange with hydrothermal solutions
(Clayton el aI., 1968; Taylor, 1979) suggest that the
unaltered dacite in the Hokuroku district had 6"0
values of about 6 to 8 per mil. These values are also
Iypical of unaltered felsic volcanic rocks in Japan
(Matsuhisa, 1977). Thus the variations in Ihe 6"0 values
of whole rocks observed in the Hokuroku district must
have been caused by isotopic exchange reactions be­
tween rocks and hydrothermal fluids. An example of
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2.68 X 10'
A~ = 1"

- 3.53 (O'Neil and Taylor, 1967), (3)

where T is in Kelvin.
One of the reasons for this approach is that the

overall fractionation factors between rocks and water
il} the experimental system granite-Nael solutions at
T = 200· to 300·e, computed from the abundance
of individual alteration minerals and the mineral-water
fractionation factors, were found by Cole (1980) to be
similar to the plagioclase-H20 fractionation factors. At
temperatures below about lOO·e, it does not make
much difference to the calculated results whether pla­
gioclase-H20 or smectite-H20 fractionation factors are
used, because they are very similar. The extrapolations
of the plagioclase-H20 and smectite-H,O curves give
A~ values around 27 per mil at 25·C. The 61'0 values
greater than 20 per mil and as high as 27 per mil are
also com mon among the altered oceanic basalts ob­
tained by the Deep Sea Drilling Project (e.g., Mueh­
I('nhachs. 1980; Friedrit'hsen and Hoemes, 1980). The
reasonable agreement between the extrapolated min­
eral-water fractionation factors and the observed dif­
ferences in the 6180 values of these basalts to seawater
may be used as more evidence to support our equi.
librium model.

The rocks in the zeolite zone with a mineral assem­
blage of dinoptilolite + mordenite + Mg' Na-type
montmorillonite ± cristobalite have been commonly
interpreted to have undergone only diagenetic alter­
ation (i.e.. T"" 25·Q, whereas those containing analcite
have undergone slightly higher temperature alteration
(lijima, 1974; Utada et aI., 1981; Izawa et aI., 1978).
Temperatures of mordenite formation at Wairakei,
New Zealand, are around lOO·C (Ellis, 1979). Analcite
and mordenite are forming in a temperature range of
85· to 135·C in the Niigata oil field (lijima and Utada,
1971), which is located approximately 300 km south·
southwest of Fukazawa and at temperatures up to
200·C at Reykjanes, Iceland (Tomasson and Krist­
mannsdottir, 1972), and at Yellowstone Park (Bargar
and Beeson, 1981). Therefore, the entire temperature
range for zeolite alteration may be considered to be
between 25· and 200°C. Pisutba-Amond and Ohmoto
(IIJBB) have suggested formation temperatures of JIlU'
to 300·e for the montmorillonite zone and 200· to
400·e for the sericite-chlorite zone, based on fluid
indusion filling temperature measurements, and on
the calculated stability relationships among montmo­
rillonite, sericite, chlorite, K-feldspar, and calcite,
which were estimated by using the thermodynamic
data of these minerals and the chemical ("om positions
of Iluid inclusions.

'· ... iIl1! t'IIII:din"" !~) :lnrJ I')), ,·h.1n('r~ in Ill," }i11tn

........ lucs ul lock \\1111 all IIlltl<J.1 , •.due uti !JCr Jill! weft.:
computed as a function of T and w/r under three

different conditions of the 6180~ values, +6, 0, and -8
per mil. Comparisons of the calculated 6"0~ values in
Figure 6a to c with lhe mineralogical temperatures
indicate the following possible conditions for the for­
mation of zeolite rocks with 6180 values of 15 to 21
per mil in a temperature range of 25· to 200·C:

6'·0~ = 6r.. and w/r > 0.5 (Z-I)
or

61·0~ = 0%0 and w/r> 0.7. (Z-2)

In fact any water with 6'·0 values between 0 and 6
per mil at w/r > 0.7 can satisfy the conditions. If the
6"0~ was much lower than 0 per mil, it must imply
that all the zeolite rocks studied had undergone isotopic
exchange with water at temperatures much less than
lOO·C.

The sericite-chlorite-zone rocks with 61.0 values of
5 to 8 per mil can be produced in a temperature range
of 200° to 400·C under the conditions of:

61·0~ = 0%0 and w/r > I

(i.e., water dominated) (5-1)
or

6'·0~ = -8%0 and w/r < 0.2

(i.e., rock dominated). (5-2)

The OI·O~ values of +6, 0, and -8 per mil represent,
respectively, the "pristine" values of three types of
water that could have interacted with the rocks in the
Hokuroku district: magmatic water, seawater, and me­
teoric water. The role of meteoric water was important
only after the district became subaerial, i.e., several
million years after the Kuroko mineralization (see Tan­
imura et aI., 1983). However, it is important to keep
in consideration that the 61·Ow value of water involved
in the water-rock interaction in natural systems may
or may not have retained the pristine value and may
not be used as an indicator for the origin of fluid. As
shown by Ohmoto and Rye (1974), Cathles (1983),
and Pisutha-Arnond and Ohmoto (1983), any water,
regardless of the origin, may end up with the same
6'·0 value, if the w/r ratio was much less than I (i.e.,
rock dominated). For example. a magmatic water may
attain a 61.0 value around 0 per mil if it was buffered
by an 19neoul rouk of., per mil tillcrnparlliurol urullllU
250·e. This water, now with a 6"0~ value of 0 pcr
mil, may be involved in the water-rock interaclion al
lower temperature conditions. Only when the w/r ratio
of the system is much greater than 1 (i.e., water dom­
inateu) can the h180~ value estimateu from the 0"0:
value be useu 10 identify the origin of nulo. Therl,furl'.
any combination of the above conditions, such as
(Z-l) and (5·1) or (5-2), or (Z-2) and (5-1) or (5-2).
,.,)I:!lltl',-,.n'tir·;,l1,· .-,.".I,~"", til" :lL'"~'J''' ,.,111(')1/11;""

III lllL: !lut-uruKU JI:::.lIll:l. {NUlC liJal lbe 11I01I(1I11J[11·

lonite zone with 0"0 and temperalure values jnlcr-
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sonable is (Z-2) and (S-I), That is, the rocks in both
the zeolite and Ihe sericite-chlorite zones (and also the
montmorillonite zone) have undergone oxygen isotope
exchange with large amounts (w/r > I) of seawater
at different temperatures. This suggestion is in support
of the model of the seawater origin of the Kuroko ore­
forming fluids, first presented by Ohmoto et al. (1970)
and laler substantiated by other papers in this volume
(e.g., Pisutha-Arnond and Ohmoto 1983; Ohmoto et
aI., 1983b), Based on the Mg and Ca balance between
rocks and solulions, Ohmolo et al. (1983) have also
reached lhe conclusion that lhe minimum water/rock
mass ratios were aboul 20 In the sericite-chlorite zone.
Similarity in the h"O values among differe~t rock types
within the same alteration zone, particularly between
bas.lts and dadtie luffs which differ greatly in porosity,
can only be explained by oxygen isotope exchange
under water-dominated conditions.

This conclusion of water-dominated conditions for
the hydrothermal systems associated with the Kuroko
deposits might, at first sight, appear contradictory to
the suggestion made in other papers In this vulume
(e.g., Calhles 1983; Mizukami and Ohmoto t983; Pi­
sutha-Arnond and Ohmoto 1983; Ohmoto et aI., 1983).
However, we must realize that we are comparing pro~

cesses that took place in different time scales (see
Ohmoto and Rye, 1974), According to the calculations
by Cathles (1983) and by Ohmoto et al. (1983), the
time it took for a given packet of seawater to enter
the underlying rock sequence, be healed, convect, and
discharge at the seafloor was probably less than 500
years and cerlainly less than 20,000 years. This water
must certainly have interacted with more than its mass
of rocks along its circulation path. In other words, for
a given packet of water, the system was always rock
dominated and the chemical and isotopic characteristies
were controlled by the rocks. On the other hand, lhe
water/rock ratios obtained in this study are an inte­
IIrated record of the tal.1amollnt n( watp.r that po« ..c1
through the rock over a 3-m.y. period.

The hD values of two samples from drill hole H033
in the Fukazawa area, which lies in the boundary zan"
between the montmorillonite and the sericite-chlorite
zones, are -56 and -69 per mil (see Table 2). These
val lies arc similar to the val lies {Jf b~l\\wn -3·1 all"
-63 per mil obtained by Hattori and Muehlenbaehs
(19RO) for 17 samples of the montmorillonite ond the
sericite-chlorite zones in lhe Kosaka area. In com par-
: "I 01 I • • . • ., ,

from H039 in the Fukazawa area, which lies in·""e
zone between the zeolite and the montmorillonite
zones, are mueh lower at -73 to -101 per mil.

In a temperature range of about 200' to 300'C, the
tlil~ollll values for the hydrogen isotope systems are
about -30 to about -50 per mil for chlorite-H 20 and
muscovite· H20 (SlIzuoki and Epstein, 1976; Taylor.
1979). Therefore, the oD values of around -3010 -Sf!
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mediale to the zeolile and the sericite-chlorite zones
can also be satisfied at any of the above conditions,)
However, a specific combination of the conditions re­
quires a specific set of hydrQlogic features.

For example. the combination of (Z-l) or (Z·2) with
(S·2) illll'lies that per unit lIlaSS (or area) of rock there
wac; more fluid nnw ill Ihl' 1I·,,!iII' "1IlP" Iknl i,' ,I. •.

~l.'f1I..·llc·l:hlufJlc t.uuc. ;:,uLii a liyJrollicflllal syslem is
difficult to imagine. The combination of (Z-I) and
(5-1) may be possible if the rocks in the zeolite zone
and those in the sericite-chlorite zone interacted with
large amounts (w Ir > I) of magmatic water and sea­
water, respectively. This is geologically unrealistic, the
opposite relationship being more likely.

The combination which is gcologically most rea-
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per mil for the sericite-chlorite _nd the montmorillonite
zones are consistent with the suggestion made from
Ihe oxygen isotope study that the isotopic composition
of the rocks in the alteration zones around the Kuroko
deposits were essentially buffered by seawater at dif­
ferent temperatures. The hydrogen isotope fraction­
ation factors between hydrous minerals and H 20 at
temperatures below about 200·C are not well e"tab­
Ifshed. If the Irend of decreasing t>.r,;o,·J value with
decreasing temperature continued, the values around
-80 per mil may not be unreasonable for the zeolite
facies rocks formed in equilibrium with seawater at
around 100·e. The 60 values lower than -80 per mil
may have been caused by isotopic exchange with post­
Miocene meteoric water.

Dimensions of the hydrotherrrwi system

The areal extent of the ore zone in the Fukazawa
Kuroko mine is about 1.5 km in the northwest-southeast
direction and about I km in the northeast-southwest
direction, that of the sericite-chlorite zone where the
discharging fluid temlX'ratures reached higher than
about 200· is _bout 3 km (northwest-southeast) X 1.5
km (northeast-southwest), and that of the montmoril­
lonite zone where the discharging fluid temperntures
were greater than about 150·C and where 0"0 and
some geochemical anomalies are detectable is conser­
vatively 5 km (northwest-southeast) X 3 km (northeast­
southwest). The areal extent of various geochemical
halos around the Kosaka area is similar to th•.t in the
Fukazawa area.

An important question for Ihe dimensions of a Ku­
roko hydrothermal system is the depth of seawatcr
circulation through the underlying rocks. Hattori and
Muehlenbachs (1980) obtained 0"0 values of 8.3 10
16.3 per mil for four samples of the Sasahata sandstone
formation and 18.0 and 19.0 per mil for a phyllite and
a chert of the Paleozoic basemcnl rocks in the Kosak.
area. They concluded that the sharp upward decrease
in 0"0 values from Ihe Sasahata Formation to the
overlying volcanic rocks (mostly less than 9%.) cor­
responded to the effective depth limit (less than 200
m) of Ihe ore-forming hydrolhermal system at Kosaka.

Our petrographic examination of several rocks from
Ihe Sasahata Formation has, however, revealed abun­
dant evidence of hydrothermal alteration in the form
of chloritization of phyllilic dasts and the common
presence of euhedral pyrite. Up to 70 percent of the
rock is composed of quartz, quartzite, and quarlz-mica
schist clasls. These rock types, ",'hich probably had
initial6 1KQ values uf around 19 per mil, would he mOre

resistant to subsequent isotopic exchange. as shown,
for example, by detrital quartz subjccted to temper­
atures of 320·C in the Salton Sea geothermal area
(Clayton el aI., 1968). Thus a direct mmparison of Ihe
6"0 values of samples from the Sasahata formation
with the overlying voleanie rock" is likely 10 give a
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misleading impression of the degree of I,ydrothermal
alteration of the former.

In a few samples of Sasahata conglomerate, an at­
tempt was made to drill oul pelitic clasts and matrix
to concentrate Ihe material most susceptible to isolopie
exchange. Although il could not be ensured that c1astiL'
quartz was excluded from these samples, their relatively
low 0"0 values of 4.3 to 9.8 per mil (see Table 2),
which are similar 10 the 6"0 values of the overlyin~

volcanic rocks,. suggest that Ihe high-temperature hy­
drothermal system encompassed at least the Sasahata
Formation and probably the basemen I rocks. This sug­
gestion is in accord with the lead isotope data obtained
by Fehn et al. (1983).
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Percussion Drill Logs CRP 88-1, 2, 3
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APPENDIX 5

Down Hole EM Profiles CRD 88-1, CRP 88-3
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APPENDIX 6

Max-Mi." EM Profiles & Brief Interpretation Report
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Max-Min profiles for I0600N, I0400N are attac~IPd.

Anomaly positions as shown.

The anomaly all line lOGOO\,< fi ts "i th the eonductol' ,,"
the EM 37 line at 10550E (slight displacement due to different
line position01.

The anomaly on lirle 10400N corresponds to a ]O~

resistivity zone on an old IP line IPlan no. ID 01/l0lG. 1985:.

Both anomalies are due to strong conductors, lnost
probably origillatillg from the basalt, but nonetheless wortl, a
drill test.

The anomaly on line l0400~ is (~onveniently ~![,se t.e, It\(~

roarl for drilling. I can't do any quantitati\e worl< 01' th.,
profiles since the InPhase res\l) ts are pret.ty useless. Th(~re

ma~' be an east dip on ]0600~, blJt thi.s is less obvil~us on
10400N.

The ~estern ends of the J_irles suggest basalt nlay b\!
thinning out lat the creek), so you could end up drillin£ quite
a thick section of basalt before flitting Cambrian rocks.

Target position 150-l00m?: beneath 10400N/l0125E.
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