MURRAY BASIN BASEMENT

DATA PACKAGE

- BJ. CLOUGH & L.R. RANKIN

(Compilers)

VOLUME 2 - WELL COMPLETION REPORTS



MURRAY BASIN BASEMENT TRANSECT PROJECT:
1990 WELL COMPLETION REPORTS



DEPARTMENT OF MINES AND ENERGY
SOUTH AUSTRALIA

REPT BK NO. 91/15

MURRAY BASIN BASEMENT TRANSECT PROJECT:
1990 WELL COMPLETION REPORTS

by

L R RANKIN’, B J CLOUGH', M G FARRAND®, S BARNETT",
K LABLACK!', C G GATEHOUSE® AND L P HOUGH'
* REGIONAL GEOLOGY BRANCH
" GROUNDWATER AND ENGINEERING DIVISION
! BIOSTRATIGRAPHY BRANCH
* GEOPHYSICS BRANCH

FEBRUARY 1991 DME 281/89

G01755



CONTENTS PAGE NO

ABSTRACT 1
INTRODUCTION . 2
PROJECT AIMS 5
DRILLING TARGETS 6
Initial Appraisal 6
MBT 1-18 Anocomalies 6
Geophysical Modelling 9
1990 Drilling Programme 10
DRILLING HISTORY 10
Drilling Schedule and Conditions 10
Well Completion Details 12
Drilling Statistics 30
GEOLOGY 31
Regional Geology 31
Proterozoic-Early Palaeozoic 31
Middle Palaeozoic-Mesozoic 32
Tertiary-Quarternary 34
Pre-Permian Basement Intersections 35
Peebinga 1 35
Kringin 1 . 39
Wirha South 1 39
Tori Hills 1 40
Peake 1 41
Caringa 1 42
Wynarka 1 45
Wynarka 2 46
GEOCHEMISTRY 48
Major and Trace Elements 48
Peebinga 1 48
Caringa 1 49
Wirha South 1 51
Tori Hills 1 51
Peake 1 51
Wynarka 1 52

Wynarka 2 52

G01755



CONTENTS (cont.) PAGE

Geochemical Synthesis 53
Metallic Commodities ' 54
Base Metals 54
Precious Metals 55

STRATIGRAPHIC AND TECTONIC CORRELATIONS 56

MINERAL POTENTIAL 61

REFERENCES 64

TABLES

1. Summary of geophysical modelling of

magnetic anomalies.
APPENDICES

1. Petrology of Early Palaeozoic basement rocks, Murray
Basin basement drilling project.

2. Additional petrology

3. Geochemical analyses

G0175S



PLATES

Plate No.

1.

10.

11.

G01755

Poorly sorted diamictite of the Permian
Urana Formation intersected in Peebinga 1.
Note conglomeratic clast of quartzite.
Interval 538-538.5 m.

Photomicrograph of brecciated basalt, with
intersecting calcite & chlorite veins. Fine-
grained feldspar laths are visible in the
basalt. Peebinga 1, specimen 7028RS32,
TSC53475, 610.9 m. Plane polarised light.
Field of view approx. 6 mm wide.

Photomicrograph of fine-grained amygdaloidal
metabasalt, consisting of relict plagioclase
laths within a groundmass of chlorite, calcite
and opaques. Amygdales are infilled with
cryptocrystalline silica. Peebinga 1,
specimen 7028RS31, TSC534744, depth 608.4 m.
Crossed nicols. Field of view approx.

6 mm wide.

Irregular, nodular layering within micritic
limestone. The layering is weakly brecciated.
Peebinga 1, 588 m.

Dark grey to black calcareous shale, brecciated
metabasic agglomerate and tuff. Peebinga 1,
620-625 m. -

Recrystallised lapilli tuff with abundant pyrite
aggregates. Peebinga 1, 605.8 m.

Pyrite aggregates associated with interlayered
limestone and black shale. Peebinga 1, 613 m.

?Basalt pillow within tuffaceous volcani-
clastics. Peebinga 1, 626 m.

Photomicrograph of well-foliated quartz,
feldspar and biotite meta-sandstone. Kringin 1.
Specimen 7028RS49, TSC53488, 408.2 m. Crossed
nicols. Field of view approx. 4 mm wide.

Medium-grained, grey granite. Wirha South 1,
330.3-330.8 m.

Medium to coarse-grained pink-grey granite to
granodiorite, with minor intermediate to mafic
xenoliths. Tori Hills 1, 258 m.

Photo No.

39238

39239
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Sharp contact between metadolerite and albitite.
Peake 1, 183.8 m.

Fine-grained grey albitite with disseminated
pyrite. Peake 1, 185.6 m.

Photomicrograph of fine-grained albitite. Note
fine to medium-grained quartz and feldspar
phenocrysts. Opaque grains are pyrite. Peake 1,
186.5 m. Specimen 6827RS129, TSC53486.

Crossed nicols. Field of view approx. 6 mm wide.

Photomicrograph of medium-grained ?metadoleritic
amphibolite. Chlorite and hornblende are
interstitial to relict interlocking plaigoclase
laths. Peake 1, 174.55 m. Specimen 6827RS127,
TSC53484. Plane polarised light. Field of view
approx. 6 mm wide.

Photomicrograph of ?metadoleritic amphibolite. The
specimen consists of medium-grained granoblastic-
elongate plagioclase, chlorite and blue-green
hornblende. A weak foliation is intersected at a
low angle by a narrow vein of pyrite. Caringa

1, 306.8 m. Specimen 6827RS120, TSC52828.

Plane polarised light. Field of view

approx. 4 mm wide.

Contact between fine-grained chlorite-amphibole
schist and granitoid clast. Note pyrite aggregate
with boxwork texture within the granitoid.

Caringa 1, 296.8 m.

Photomicrograph of sheared contact between
amphibole-chlorite schist and structurally-
overlying amphibolite. Note development of
intense foliation and shear bands within
chlorite-actinolite layering. Quartz-rich area
on left contains microfolds defined by trails of
acicular actinolite. Caringa 1, 287.0 m.
Specimen 6827RS130, TSC53504. Plane polarised
light. Field of view approx. 6 mm wide.

Granodiorite (LHS) and later metadolerite.
Contact between the two units is not shown.
Wynarka 1, 173-175 m.
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Photomicrograph of metadolerite, consisting

of plagioclase laths and interstitial
hornblende. Wynarka 1, 174.7 m. Specimen
6827RS151, TSC53525. Crossed nicols. Field of
view approx. 6 mm wide.

Photomicrograph of intensely-altered
?metadoleritic amphibolite near contact with
granodiorite. Hornblende, chlorite and, to

a lesser extent, plagioclase have been replaced
by calcite. Wynarka 1, 172.75 m. Specimen
6827RS149, TSC53523. Crossed nicols. Field of
view approx. 6 mm wide.

Shear zone within ?metadoleritic amphiboite.
Intensely recrystallised chlorite-amphibole
layers alternate with calcite layers. Wynarka
2, 173 m.

Photomicrograph of microfolds and disrupted
layering within recrystallised ?metadolerite.
A weak foliation has developed axial-planar to
the microfolds. Wynarka 2, 181.9 m. Specimen
6827RS140, TSC53513. Plane polarised light.
Field of view approx. 6 mm wide.

Photomicrograph of calcite and chlorite
mylonite. Wynarka 2, 173 m. Specimen
6827RS136, TSC53510. Field of view
approx. 6 mm wide.
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magnetic intensity for the South
Australian sector of the Murray Basin
area. Target anomalies are located.
Adapted from data supplied by the
Bureau of Mineral Resources, Geology
and Geophysics, Canberra.

Location of target anomalies and drill- 521914
holes on the RENMARK and PINNAROO 1:250 000

sheets.

Computer models of magnetic anomalies S21915-21926

compared to the original aeromagnetic
flightline data. Values within the
modelled bodies are assumed magnetic
susceptibilities. Height of the air-
craft above ground level was approximately
150 m. Horizontal scale is in AMG easting

coordinates.

a) MBT 1 g) MBT 11

b) MBT 3 h) MBT 12

c) MBT 4 i) MBT 13

d) MBT 6 3) MBT 15

e) MBT 7 k) MBT 16

f) MBT 9 1) MBT 18

Flightline aeromagnetic profiles for the 91-65

ADELAIDE-RENMARK 1:250 000 sheets. Target
anomaly positions are indicated.

Flightline aeromagnetic profiles for the 91-66
BARKER-PINNAROO 1:250 000 sheets. Target
anomaly positions are indicated.

Composite log for Peebinga 1 91-67
Composite log for Kringin 1 91-68
Composite log for Briaken Park 1 91-69
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Chemical classification plots for all
samples.
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Granitic units, trace element classification
and trends.

Wynarka 1, major element trends, AFM plot.
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Tectonic chemical-discrimination plots,
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Comparison of major element trends
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assoclated provinces, with Victorian
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ABSTRACT

Nine drillholes were drilled to characterise
various magnetic domains in the basement to
the Murray Basin. Eight of the drillholes
intersected Early Palaeozoic basement rocks.

Lithologies intersected were: 1) limestone-
shale~basalt (Peebinga 1), which may
represent either Normanville Group Truro
Volcanics or a correlative of the Mount
Stavely Volcanic Complex; 2) ?Zmetadoleritic
amphibolite (Wynarka 1 & 2, Caringa 1) and
metadolerite intruding rhyolitic albitite
(Peake 1) and correlated with amphibolites
intruding Kanmantoo Group metasediments in
the eastern Mount Lofty Ranges; 3) meta-
arkose (Kringin 1) correlated with Kanmantoo
Group metasediments and 4) post-Delamerian
Orogeny granite to granodiorite (Wirha South
1, Tori Hills 1). Although base and
precious metal values were generally low,
all of the mafic and associated sedimentary
sequences intersected contained abundant
sulphide (up to 5%) as pyrite.

In conjunction with ©previous drilling
records and geophysical interpretation,
three aerially-extensive provinces of mafic
and/or bimodal volcanics and intrusives with
considerable potential for stratiform
volcanogenic and epithermal feeder-style
base metal mineralisation were delineated.
Potential for gold and platinum-group-
element (PGE) mineralisation in the Early
Palaeozoic basement is also considered high.



INTRODUCTION

The Murray Basin, a large intracratonic fluviatile to shallow
marine Tertiary sedimentary basin, extends over a large portion
of western NSW and Victoria and southeastern South Australia.
The basin conceals the pre-Tertiary basement in South Australia
between the Late Proterozoic Adelaide Geosyncline and Cambrian
Kanmantoo Trough sediments in the west, to the Cambro-Ordovician
sediments and volcanics of the Glenelg River and Stavely
Complexes to the east in Victoria.  Outcrop of basement
throughout the Murray Basin is extremely limited, consisting
predominantly of isolated granitoid tors near the western margin

of the basin and along the Padthaway Ridge.

In 1985, the Bureau of Mineral Resources, Geology and Geophysics
(BMR) generated several colour and black and white shaded-relief
pixel images of aeromagnetic data over the entire Murray Basin
extending from longitude 147° (ca Albury, NSW) to longitude 139°
(Mt Lofty Ranges, SA) and between latitudes 32°S and 38°S. These
spectacular images proved to be very useful in delineating
structural zones and geological subdomains in the concealed
basement (DfAddario and Tucker, 1987; Brown et al., 1988;
Wellman, 1989). Those zones included a potential extension of
the Mount Stavely Volcanic Complex (which contains gold
mineralisation near Ararat, Vic.; Buckland, 1986) NNW into South
Australia near Peebinga, a long arcuate magnetic =zone
(containing local mafic and ultramafic (Farrand, in prep.)
volcanics near Coomandook) extending from Bordertown through
Coonalpyn and Mannum to south of Broken Hill, and several
smaller, magnetically anomalous zones of considerable linear
extent. A portion of this magnetic pixel image is reproduced in

Fig. 1.
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Recognition of potentially extensive zones of mafic volcanics in
the Yumali-Coonalpyn region of possible Cambrian age and
lithologically similar to the economically important Mount
Stavely Volcanic Complex near Ararat and the Mount Read
Volcanics (which host the Hellyer and Que River Cu-Pb-Zn-Ag-Au
deposits) 1in western Tasmania, has stimulated exploration

interest in basement to the SA sector of the Murray Basin.

In late 1988 and early 1989, the Regional Geology Branch
acquired a complete set of digital aeromagnetic data of the Sa
sector. Image processing of the data was conducted by
Exploration Computer Services Pty Ltd, with production of a
series of 35mm transparency pixel images of the data. Also
during the same period, two groundwater observation bores north
of Renmark were deepened to pre-Tertiary basement. One of these
holes, Nahyah #1, intersected previously unknown (?)Cambrian
basalt and dolerite (Preiss and Radke, 1989), further expanding

the area of known and potential Cambrian volcanics in SA.

In addition to the (?)Cambrian volcanics, there 1s also
considerable mineral potential in other rock units that may
occur beneath the Murray Basin. Cambrian metasediments of the
Kanmantoo and- Normanville Groups within the Kanmantoo Tfough
area have been mined periodically for gold and base metals
(particularly Cu). Recent reviews of Pb-Zn prospects in SA
(Horn and Morris, 1988) and, in particular, of the Kanmantoo
Trough (Morris, 1988) identified widespread base metal
mineralisation in Cambrian metasediments which have been largely

unexplored.

Cambrian metasediments are known from a few drillholes in the
Murray Basin region, and have been inferred to extend from the
Kanmantoo area across the SA-VIC/NSW border along with local

volcanics and granitoid intrusives.
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Black Hill, midway between the Mt Lofty Ranges and the Rivér
Murray (near Swan Reach), 1is the site of a (?Cambrian)
Ordovician gabbro-norite intrusive complex inferred to have a
very deep, mantle-derived source. It has been identified as one
of the most prospective platinoid-group mineral (PGM) targets in
SA (Farrand et al., 1989) and while several drillholes have been
sited around its margins, there have never been any deep
drillholes in its central core to test for PGM mineralisation.
There are likely to be other gabbronorite intrusives in the
western basement to the Murray Basin. Based on this interest
in the Proterozoic-Palaeozoic rocks of the southeast of South
Australia and on their perceived potential for base metal, gold,
silver and PGM mineralisation, proposals were forwarded to the
Minister of Mines and Energy in December 1988 to drill a series
of rotary drill holes with bottom~hole core along an E-W
transect from Black Hill to Peebinga, plus complimentary diamond
core drilling of specific targets with potential for
mineralisation. Other drilling proposals related to this
programme were submitted recommending a 1000 m diamond core
drill hole in the centre of the Black Hill gabbronorité complex,
a diamond core drilling programme to test for potential base
metal-gold-silver mineralisation in the northern Kanmantoo
Trough, and a series of rotary drillholes with bottom-hole core

in concealed Cambro-Ordovician rocks on Kangaroo Island.

The targets were selected to provide as great a coverage of

potential lithological differences in the basement as possible.

Further information on the basement was obtained from drilling
records within open file company exploration reports. An
initial compilation of this information was produced by B.
Clough and L. Rankin, and was comprehensively updated by S.

Roberts, a student geologist employed by the Department.
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PROJECT AIMS

This programme was specifically designed to aid target
delineation of Dbasemetal (plus gold, silver and PGM)
mineralisation, and promote further exploration for these

resources in areas of perceived potential.

To achieve this it was necessary to compile a series of
geological/tectonic maps of basement géology and structure
interpreted from a combination of geophysical and drillhole
data. This required considerable integration of new (i.e.
drillhole) data, detailed geochemical analysis plus detailed
analysis and interpretation of image-processed geophysical

surveys.

Because of the general N-S elongate to linear nature of
subdomains and structural elements identified from the
aeromagnetic images, the aim of the drilling project was to
identify the basement geology along an E-W transect from
Peebinga to Black Hill, and thus characterise the nature and
mineral potential of each of the major geophysical subdomains.
In doing so, the programme would not only explore specific
minefalisation targets, but would aid development of regional
models for mineral resource prediction in the concealed basement

of southeastern South Australia.

The ultimate aim of this programme has been to produce an atlas
of geological and geophysical maps at an appropriate scale (e.q.

1:10° including a brief resumé of geochemical results.

Although not a specific priority, a subsidiary aim of the
programme was to compile information on the Cainozoic sediments
and aquifers within the Murray Basin, and investigate potential

heavy mineral sand mineralisation in the southeast of the state.

G01755



DRILLING TARGETS

Initial Appraisal

Prior to selecting drilling targets from the aeromagnetic data,
an extensive search was made of all available company and
Departmental stratigraphic and hydrological drilling within the
western Murray Basin to provide both approximate depth to
basement estimates across the proposed Peebinga-Black Hill
transect, and to provide (limited) 1lithological control on
several magnetic subdomains. All information was initially
compiled on 1:250 000 base plans, and a comprehensive drillhole
database was developed for the area by B. Clough and S. Roberts
{student geologist).

MBT 1-18 Anomalies

Subsequent to compilation of all previous data, a total of 18
magnetic subdomains were selected as potential drilling targets.
The following is a list of these targets and the rationale for
selection. Figures 1 and 2 show the locations of drill sites

with respect to the magnetic map and topographic maps.

¢ MBT-1 - An elongate magnetic high, which is aligned with
the magnetic domain associated with the
mineralised Mount Stavely Volcanic Complex in
Victoria. The potential for Au and Pb-Zn

mineralisation was considered high.

e MBT-2 - A broad, magnetically quiet zone, initially

interpreted as Cambrian sediments.

e MBT-3 - The northeasternmost of three small-scale,
discrete circular anomalies aligned along a

northeast-trending lineament.
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s MBT-4
s+ MBT-5
*» MBT-6
* MBT-7
e MBT-8
e MBT-9
* MBT-10
e MBT-11
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An arcuate linear magnetic high of either
volcanic, sedimentary or tectonic origin. A

possible stratigraphic Pb-Zn target.

A broad magnetically quiet subdomain to the west
of the MBT-4 linear anomaly. Possibly Cambrian

sediments.

A broad, elliptical magnetic high anomaly, most

likely a Delamerian Orogeny granitoid.

The easternmost of two narrow N-S trending linear
magnetic high anomalies. Most likely mafic dykes
within Palaeozoic sediments. Potential for Pb-
Zn and PGM.

An isolated magnetic high bracketed by linear
anomalies trending N-S and NNW-SSE.

A discontinuous linear magnetic high trending
NNW-SSE. This anomaly appears to crosscut the
general structural grain of the area, and may

represent a mafic dyke.

A Dbroad, quiet magnetic low subdomain to the
north and west of a sequence of magnetic linear
highs (MBT 7, 9, 11). This may represent either
Palaeozoic sediments or a magnetically quiet

granitoid.

A broad linear magnetic high trending NNE. Most

likely represents a mafic dyke suite.



* MBT-12
¢+ MBT-13
s MBT-14
e MBT-15
« MBT-16
e MBT-17
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An interpreted synclinal fold hinge defined by
curvilinear magnetic high anomalies. This target
was considered to have potential for
structurally-controlled ©Pb-Zn mineralisation

within folded metasediments/metavolcanics.

A small, elongate' magnetic high, most 1likely
representing a mafic intrusive. Considered to

have potential for base metals and/or PGM.

An unusual elliptical subdomain with a mottled
magnetic texture. Most 1likely a Delamerian

granitoid.

An extensive magnetic gradient lineament trending
NE-SW, separating interpreted granitoid and
mestasediments. This target was considered to
have potential for fault - controlled base metal

mineralisation.

One of three intense circular magnetic high
anomalies, interpreted as possible Black Hill
norite-style ultramafic intrusives. This target
was considered to have high potential for PGM

mineralisation.

A large magnetically quiet plateau, south of the
major linear anomalies. This may represent an’

extensive zone of magnetically quiet granitoids.
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e MBT-18 - An intense circular magnetic high anomaly,
interpreted as a Black Hill norite-style
ultramafic intrusive. This target was deleted
after a comprehensive check of previous drilling
showed the anomaly had been drilled by CRA
Exploration Pty Ltd, recovering diorite and

gabbro.

Geophysical Modelling

Of the seventeen remaining anomalies, eleven required ground
magnetic surveys and computer modelling of the data to
accurately position drillsites to intersect magnetically
anomalous targets. Subsets of data from the appropriate
aeromagnetic flightlines for each of the anomalies were
transferred from the original digital data tape to a floppy disk
file. The data were then modelled by P. Hough, after assistance
from D. Ivic and R. Gerdes, using the TOOLKIT modelling
software. The computer models for each of the anomalies are
shown in Figs 3a-31l. The original flightline aeromagnetic
profiles are shown in Figs 4 and 5. Agger consultation with D.
Tucker (consultant geophysicist), the ideal drillsite for each

anomaly with respect to the flightline model was chosen.

P. Hough and L. Rankin conducted ground magnetic traverses over
eleven anomalies using a GSM-19 Overhauser Memory Magnetometer,
with a station spacing of 25 m and an average line length of 2
km.

The lines were measured by pacing, and pegged at 200 m
intervals. With the peak of each anomaly accurately located on
the ground, and the ideal drilling positions with respect to the
peaks calculated from the flightline models, the final

drillsites were easily and accurately located.
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As a result of the ground magnetic surveys, it was decided to
eliminate MBT-3 and 8 from the programme. MBT-3 was of 1low
amplitude and difficult to pinpoint, and appeared to be centred
within an area of high, wooded sand-dunes. MBT-8 proved to be
a complex and poorly-defined anomaly, making identification of
the target difficult.

1990 Drilling Programme

As a result of the geophysical appraisal of the original 18
targets, plus consideration of the anticipated budget, a final
proposal to drill 14 targets was submitted to The Minister of

Mines and Energy.

Twelve of the targets were to be rotary drilled by the
Department’s Drilling Branch to recover 3 to 6 m of bottom-hole
core (MBT 2, 4, 5, 6, 7, 10, 11, 13, 14, 15, 16 & 17).

Two other drillholes (MBT 1 and 12) were to be rotary drilled to
basement, followed by 140 m of NQ diamond core drilling; they
were to be drilled by private contractor. Tenders were called
for the project, including a further three 500 m diamond
drillholes in the eastern Mt Lofty Ranges (Mount Rufus 1,
Frankton 1, Karinya 1), and the tender awarded to Rockdril
Contractors Pty Ltd.

DRILLING HISTORY

Drilling Schedule and Conditions

Drilling by Rockdril commenced on 7/3/90 with Caringa 1 (MBT-
12). Drilling of the rotary holes by the Drilling and
Engineering Services Branch of SADME began with MBT-5 on
29/3/90. Drilling and Engineering Services Branch completed
MBT-2, 4 and 5 on 7/6/90, while Rockdril completed MBT-1, MBT-
6, MBT-11, MBT-12, MBT-14 and 15, between 7/3/90 and 26/6/90.

G01755



11

The remaining holes (MBT-7, 9, 10, 13, 16, and 17) were not

drilled due to insufficient funds.

Prolonged drilling delays, including stuck and broken rods (and
drillbits) and lost core barrels plagued the drilling of the
first two holes conducted by Rockdril, and caused unforseen
expenditure. Upon pfolonged discussion between officers of the
Regional Geology Branch and representatives of Rockdril, it was
agreed that Rockdril’s initial insistence on the capability of
their rig, a Warman 1000, to drill the proposed holes by air
rotary instead of mud rotary, and their refusal to discuss
drilling conditions with personnel within the Department was a

primary factor in these problems.

Rockdril subsequently converted to rotary mud drilling which
resulted in a marked reduction in downhole problems and delays.
The holes drilled using this technique {(mud rotary) were all

completed within budget estimates.

It is strongly recommended after this experience, that companies
tendering for Departmental drilling programs should discuss
drilling conditions with the Drilling and Engineering Services
Branch. It is also recommended that rotary-air techniques
should pot be used for drilling in cover rocks of the Murray
Basin where water-bearing sands, silts and cavernous limestones

commonly occur.
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Well Completion Details

The following are summaries of the drilling details for each of

the 9 holes completed.

Well Name Target#
Peebinga 1 MBT-1
Unit No.

7028 2SW 484

Location
Latitude 34°58’'S
Longitude 140°55’E

~8 km SW of Peebinga

Map References
1:250 000 RENMARK SI 54-10
1:100 000 PARUNA 7028

Elevation 70 m

Total Depth

636 m

Drilling
Commenced 25/3/90
Abandoned 4/4/90
Recommenced : 19/5/90
Completed 3/6/90

Drilling Company
Rockdril Contractors Pty Ltd
PO Box 117
BRISBANE MARKET QLD 4106

G01755



Driller

R. Pederson

Drilling

Rig

Warman 1000

Construction Details

Om¢to 62 m
62 m to 126 m

0
108

89

414

Aquifers

isolated

G01755

mto 62 m
m to 114 m

Omto 90 m

mto 89 m

m to 414 m

m to 636 m

13

Drilled with 5%" blade bit.

Drilled with 5%" blade bit.

Rods bogged - drilled next to rods with
NQ roller bit - lost circulation.
Relief hole drilled with 5%" blade bit.
Hooked back to hammer string and ream
main hole.

Rods became bogged, winch cable snapped
-~ rods dropped 18m down hole.

Back reamed hole with no success.

Lost 2 x (6m x 4 3/4) drillstems

1 x T35 hammer bit

1 x 5%" hammer bit

1 x 3%" IF pin 23 2 3/8 mayhew box

1 x 2 3/4 IF box to 2 3/8 mayhew box

1 x 3% IF box to 3% APl box

Hole abandoned.

Drilling recommenced using mud.
Drilled with 7 7/8" blade bit.
Drilled with 5%" blade bit.

Cased to 414m with steel pipe.
Drilled with NQ diamond core bit.

were identified by downhole geophysical logging and

by cement plugs.
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Well name Target#
Kringin 1 MBT-2

Unit No.
7028 2SW 483

Location
Latitude 35°00’s
Longitude 140°46'E

50 km NNW of Pinnaroo; 15 km WSW of Peebinga

Map References
1:250 000 RENMARK ST 54-14
1:100 000 PARUNA 7027

Elevation 72 m

Total Depth

409 m

Drilling
Commenced 21/4/90
Completed 2/5/90

Drilling Company

S.A. Department of Mines and Energy
Drilling and Engineering Services
Dalgleish St

THEBARTON

Driller

L. Moore

Drilling Rig
Portadrill RD2

G01755
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Cemented
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Hole drilled 90°

0Om¢to 4.5 m

4.5
48

51

66

196

199

200

298
407

m to
m to

48
51

66

196

199 m

200

298
407
409

plugs at

320 m,

15

Drilled with 10" auger, cased with PVC
and cemented.

Drilled with 7 7/8" stepped blade bit.
Cored with HQ tungsten-tipped core bit;
reamed with 7 7/8" stepped blade bit.
Drilled with 7 7/8" stepped blade bit,
set 6" steel casing and pressure
cemented.

Drilled with 5 3/4" stepped blade bit.
Cored with HQ 4 1/4" tungsten-tipped
bit, lost core.

Cored with HQ 4 1/4" tungsten-tipped
bit; reamed with 5 3/4" stepped blade
bit. |

Drilled with 5 3/4" stepped blade bit.
Drilled with 5 1/2" roller bit.

Cored with HQ diamond core bit.

210 m and 70 m. All casing removed.
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Well Name

Briaken Park 1

Unit No.
7028 3SW 482

Location
Latitude 34°487’s
Longitude 140°32’E

10 km south of Alawoona

Map References
1:250 000 RENMARK
1:100 000 PARUNA

Elevation 72 m

Total Depth

539 m

Drilling
Commenced 5/5/90
Completed 7/6/90

Drilling Company

S.A. Department of Mines and Energy

Drilling and Engineering Services

Driller

L. Mere/B. Faulkner

Drilling Rig
Portadrill RD2

G01755

SI 54-10
7028



Construction Details
Hole drilled

O mto 5.5

5.5
48

51

66

106
188

to

m to

to

to

m to

m to

191.15 m

326

402m to 403m

402
453
456
536

m

m

m

m

to
to

to
to
to
to

90°

m

48 m
51 m

66

106
188

191.

15

326 m
402 m

453
456
536
539

83 8 8 B
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Drilled with 10" auger bit, cased with
8" PVC and cemented.

Drilled with 7 7/8" roller bit.

Cored with HQ tungsten-tipped bit,
reamed with 7 7/8" roller bit.
Drilled with 7 7/8" roller bit, cased
with 150mm PVC and cemented.

Drilled with 5 3/4" stepped blade bit.
Drilled with 5 1/2" roller bit.

Cored with HG tungsten-tipped bit,
reamed with 5 1/2" stepped blade bit.
Drilled with 5 1/2" stepped blade bit.
Drilled with 5 1/2" tri-cone roller
bit.

Cored with diamond core bit, lost core,
reamed with 5 1/2" stepped blade bit.
Drilled with 5 1/2" stepped blade bit.
Coring with HQ bit.

Drilling.

Coring with HQ bit.

The hole was cased to a depth of 536 m with 80 mm heavy black

S+S pipe and pressure cemented. The hole is prepared for

possible

driller.

G01755

later

deepening to basement by contract diamond
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Well Name ;
Wirha South 1

Unit No.
7027 4SW 641

Location
Latitude 35°08’s
Longitude 140°31’E

21 km north of Lameroo

Map References
1:250 000 ; PINNAROO
1:100 000 PINNAROQO

Elevation 90 m

Total Depth

332 m

Drilling
Commenced 29/3/90
Completed 11/4/90

Drilling Company

S.A. Department of Mines and Energy

Drilling and Engineering Services

Driller

L. Moore

Drilling Rig
Portadrill RD2

G01755

SI 54-14



Construction Details
Hole drilled 90°
0 m to

5
60
70

127
164

200
330

to
to
to

to
to

to
to

5m

60 m
63.1m
127 m

164 m
200 m

330 m
332 m
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Drilled with 10" auger, cased with PVC
and cemented.

Drilled with 6" stepped blade bit.

Cut core with 4 1/4" HQ3.

Reamed hole and drilled with 7 7/8"
stepped blade bit, set 6" steel casing.
Drilled with 6" tri-cone roller bit.
Cored with HQ 4 1/4"; reamed with 6"
stepped blade bit.

Drilled with 6" stepped blade bit.

Cored with diamond core bit.

Cement plug set at 188 m to 158 m and 85 m to 65 m. All casing

removed.

G01755
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Well Name Target#
Tori Hills 1 MBT-6
Unit No.

6927 4SW 635

Location
Latitude 35°04’s
Longitude 140°14'E

18 km ESE of Borrika

Map References
1:250 000 ' PINNAROO SI 54-14
1:000 000 PINNAROO 6927

Elevation 72 m

Total Depth

261l m

Drilling
Commenced 24/6/90
Completed 29/6/90

Drilling Company
Rockdril Contractors Pty Ltd

Driller

R. Pederson

Drilling Rig
Warman 1000

G01755
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Construction Details

Omto 19 m Drilled with 7 7/8" blade bit.
Cased with PVC.
19 m to 248 m Drilled with 5 1/2" blade bit.
Cased to 248m with steel pipe.
248 m to 261 m Drilled with NQ diamond core bit.

. Aquifers were identified by downhole geophysical logging and

isolated by cement plugs.

G01755
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Well Name Target#
Peake 1 MBT-11
Unit No.

6827 2SW 1634

Location
Latitude 35°21’s
Longitude 139°54'R

4 km NW of Peake

Map References
1:250 000 PINNAROO SI 54-14
1:100 000 MOORLANDS 6827

Elevation 8 m

Total Depth

187 m

Drilling
Commenced 4/6/90
Completed 14/6/90

Drilling Company
Rockdril Contractors Pty Ltd

Driller

G. Barlow

Drilling Rig

Warman 1000

G01755
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Construction Details

0 mto 6 m Drilled with 10 1/2" blade bit.

6mto 20m Drilled with 7 7/8" blade bit.
Cased with PVC.

20m to 152 m Drilled with 5 1/2" blade bit.

Hole abandoned due to collapsing sand.
Hole recommenced.
Omto 25 m Redrilled hole with 5 1/2" hammer bit.

Reamed with 7 7/8" blade bit.
Cased with PVC.

25 m to 175 m - Drilled with 5 1/2" blade bit.
Cased with steel casing to 175m.

175 m to 187 m Drilled with NQ diamond core bit.

Aquifers were identified by downhole geophysical logging and

isolated by cement plug.

G01755
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Well Name

Caringa 1

Unit No.
6827 4SW 1633

Location
Latitude 35°09’s
Longitude 139°46'E

4 km SE of Wynarka

Map References

1:250 000 PINNAROO

1:100 000 MOORLANDS
Elevation

71 m

Total Depth

309 m
Drilling
 Commenced 7/3/90
Completed 23/3/90

Drilling Company
Rockdril Contractors Pty Ltd

Driller

R. Pederson

Drilling Rig

Warman 1000

G01755

Target#

SI 54-14
6827

MBT-12
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Construction Details
Hole drilled 990°

O0Om¢to 134 m Drilled with 5 1/2%" hammer, cased with
PVC.
134 m to 182 m Drilled with NQ diamond core bit. Lost

core barrel, NQ rods broken, wireline

snapped - hole abandoned.

0mto 197 m Redrilled hole 5m to south, using 5
1/2" blade bit.
197 m to 309 m Drilled with NQ diamond core bit.

Aquifers were identified by downhole geophysical logging and

isolated by cement plugs.

G01755
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Well Name
Wynarka 1

Unit No.
6827 4SW 1632

Location
Latitude 35°08’s
Longitude 139°43’E

1.5 km W of Wynarka

Map References

1:250 000 PINNAROO

1:100 000 MOORLANDS
Elevation

72 m

Total Depth

195 m

Drilling
Commenced 16/6/90
Completed 19/6/90

Drilling Company
Rockdril Contractors Pty Ltd

Driller

G. Barlow

Drilling Rig
Warman 1000

G01755

Target#

SI 54-14
6827

MBT-14
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Construction Details

Omto 12 m Drilled with 5 1/2%" hammer bit.
Omto 12 m Reamed with 7 7/8%" blade bit.
Cased with PVC.
12 m to 168 m Drilled with 5 1/2% blade bit.
Cased with steel casing to 168m.
168 m to 195 m Drilled with NQ diamond core bit.

Aquifers were identified by downhole geophysical logging

isolated by cement plugs.

G01755

and
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Well Name
Wynarka 2

Unit No.
6827 4SW 1631

Location
Latitude 35°09’s8
Longitude 139°38’E

7 km SW of Wynarka

Map References

1:250 000 PINNAROO

1:100 000 MOORLANDS
Elevation

77 m

Total Depth

188 m

Drilling
Commenced 20/6/90
Completed 23/6/90

Drilling Company
Rockdril Contractors Pty Ltd

Driller

G. Barlow

Drilling Rig
Warman 1000

G01755

Target#

SI 54-14
6827

MBT-15
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Construction Details

Omto 14 m Drilled with 7 7/8" blade bit.
14 m to 166 m Drilled with 5 1/2" blade bit.
Cased with steel casing to 166m.
166 m to 188 m Drilled with NQ diamond core bit.

Aquifers were identified by downhole geophysical logging and

isolated by cement plugs.

G01755
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Drilling Statistics

A summary of drilling statistics for the contract Rockdril
Warman 1000 rig fitted with mud circulation equipment is
presented here as a guide for future drilling in the Murray
Basin region, and other areas where similar Tertiary/Permian

strata conceal basement rocks.

(i) Rotary mud-circulation drilling using 5% in blade bit.

Average metres/shift 83m
Average non-drilling time/shift 8 hrs
Average number of 4000 litre water loads/shift 7 loads

(ii) NQ diamond coring from basement.

Average metres/shift 23m
Average non-drilling time/shift 4 hrs
Average number of 4000 litre water loads/shift 3 loads

NOTE: Shifts are 12 hrs.

The average time spent surveying and downhole logging was 4 hrs
per drillhole. In addition to the above statistics, it was found
that approximately one half shift was required for casing down
to basement and that one full shift was required for pulling

casing and cementing of aquifers for each drillhole.

The rotary mud-circulation drilling penetrated to a maximum of
414m. The NQ diamond coring penetrated to a maximum of 635.7m,
including the coarse conglomeratic Permian beds encountered in

Peebinga No 1.

Non-drilling time includes all drilling-related tasks except
drilling itself, (eg. running rods in or out, reaming, mixing
mud, running casing, treating lost circulation etc.) however it
does not include time spent surveying which was costed

separately.

G01755
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GEOLOGY

Regional Geology

The area of investigation covers stratigraphic and/or tectonic
units of Proterozoic to Early Palaeozoic, Middle Palaeozoic to

Mesozoic, and Cainozoic age.

The Proterozoic to Early Palaeozoic rocks include sedimentary
rocks, volcanics, metasediments and intrusives of the Adelaide
Geosyncline and Stansbury Basin, and interpreted equivalents to

the east under the Murray Basin.

The Middle Palaeozoic to Mesozoic is represented by rocks within
the Darling Basin, Nadda Basin, Troubridge Basin and the Berri

Embayment.

The Cainozoic is represented by Tertiary sedimentary rocks of
the Murray Basin. The whole basin is blanketed with a thin

cover of Quaternary aeolian sands.

Proterozoic-Early Palaeozoic

Flanking the Murray Basin to the north are deformed
Neoproterozoic Adelaidean sediments and volcanics, and
Ordovician granitoids. To the east, the basin is also bounded
and underlain by sedimentary rocks and metasediments of the
Stansbury Basin (Normanville Group) and the deeper marine
Kanmantoo Trough (Kanmantoo Group), with Ordovician granitoid
rocks and mafic-ultramafic plugs associated with the Delamerian
Orogeny. Beneath the Murray Basin, limited drillhole data
indicates the presence of sedimentary and meta-sedimentary rocks
and volcanics equivalent to those found in the eastern Mount
Lofty Ranges, as well as granitoid and mafic-ultramafic

intrusives associated with the Delamerian Orogeny.

GO1755
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Middle Palaeozoic-Mesozoic

In the north of the Murray Basin area, the basin is underlain by

three major sedimentary successions deposited unconformably on

Proterozoic-Early Palaeozoic basement. They include:

(1)

(2)

(3)

G01755

Darling Basin:- This is a sequence of clastics of Devonian
age (Thornton, 1974; Gravestock and Alley, in prep.)
restricted to the narrow Renmark Trough area and considered
as an extension of the NSW Darling Basin. The sequence
includes fluvial to fluviolacustrine sandstone, siltstone
and shale. The greatest thickness intersected is 191 m in
Cooltong 1; seismic evidence suggests a possible thickness
of over 1500 m in the northern part of the Basin (Thornton,
1974) .

Nadda Basin:- This basin, which includes the Renmark
Trough, Canegrass Lobe and Paringa Embayment contains a
thick Permian succession of shale, siltstone, sandstone,
diamictite and conglomerate of the glacigene Urana
Formation. The thickest intersection of 395 m occurs in
Nadda 1 (Derrington and Anderson, 1970), and seismic
evidence suggests a possible maximum thickness of 900 m in
the Renmark Trough (Thornton, 1974). Isolated occurrences
of Permian rocks occur on the Padthaway Ridge and further

south in the Troubridge Basin.

Berri Embayment:- This is a former extension of the.
Eromanga Basin and contains up to 600 m of Early Cretaceous
fluviatile clastics in the Renmark Trough (from seismic
evidence; Thornton, 1974). The embayment appears to be
controlled by similar tectonic elements to those of the

underlying Nadda Basin.
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Of the 9 drillholes completed in this programme, none
intersected Cretaceous or Devonian rocks, and only Peebinga 1
and Briaken Park 1 intersected the glacigene Permian Urana

Formation.

Within Peebinga 1, a total of 178 m (402-580.23 m) of sandy
diamictite with coarse polymict conglomeratic horizons and
finely laminated siltstone horizons of interpreted Permian age

was intersected. The cored interval was from 416.7 to 580.23 m.

The dominant lithology consists of a pale grey to pale green,
sandy diamictite. However, this rock type commonly occurs
within large graded units (up to 3 m thick) that exhibit coarse
polymict matrix-supported conglomerates with well-rounded
cobbles up to 250 mm in diameter but averaging 35 mm in
diameter, as well as horizons of pale-grey, finely laminated

siltstone frequently exhibiting convolute bedding.

Cobbles within the conglomeratic horizons were extremely varied
in lithology including granite, diorite, fine-grained

(?)volcanics, quartzite and schist (Plate 1).

Fine-grained siltstone within this sequence has been
palaeontologically identified as of Permian age (pers. comm. N.
Alley) and the whole succession is interpreted as the glacigene

Urana Formation.

Within Briaken Park 1 a total of 162 m (377 - 539 m) of
sediments interpreted as of Pemian age was intersected. Cored
intervals were at 453-456.05 m and 536-539 m. The uppermost
cored interval consists of a dark grey relatively massive,
laminated shale, identified palaeontologically as of Permian age
(pers. comm. N. Alley). The lowermost cored unit consists of a

mottled red and greenish-grey polymict, conglomeratic diamictite

G01755
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with sub-rounded and sub-angular cobbles up to 40 mm in

diameter.
Both units are interpreted as belonging to the Urana Formation.
Tertiary—-Quaternary

The low-lying, saucer shaped Murray Basin extends over 300 000
km* of inland southeast Australia, and is flanked by subdued
mountain' ranges of Proterozoic and Palaeozoic basement.
Basement rocks of the Padthaway Ridge form the southwestern
margin of the Basin. The Cainozoic sedimentary rocks form an
extensive, but relatively thin succession, reaching a maximum

thickness of 600 m over the Renmark Trough area.

The Tertiary sediments can be divided into 3 main depositional

packages:

(1) Palaeocene-Eocene:- Renmark Group:- fluvial sand overlain
by paralic
carbonaceous
clay and lignite.

(2) Oligocene-Middle Ettrick marine glauconitic

Miocene:- Formation:- grey-green marl
Murray Group marine bryozoal
limestone limestone

(3) Upper Miocene- Bookpurnong marine shelly dark

Pliocene:- Beds:~- grey clay and silt
Pliocene fluvial to marginal
Sand:- marine quartz sand

G01755
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The entire sequence is overlain by Quaternary aeolian sand. The
Tertiary sediments intersected by each drillhole are described
in the composite logs (Figs 7-15). All of the drillholes except
Peake 1 intersected the above Tertiary sequence (with minor
variations) above basement. Peake 1 drillhole 1lies in the
Buccleuch Embayment, within which the Pliocene marine
sands were removed by an Early Pleistocene mariﬂe transgression
and a shallow marine limestone was deposited over the Oligo-
Miocene 1limestone. Here also, the marine Buccleuch Group,
consisting of carbonaceous clay and bryozoal limestone, overlies

and grades laterally into the Renmark Group.

The Murray Group limestone forms an extensive unconfined aquifer
containing large quantities of good quality groundwater. It is
widely utilised for stock, irrigation and town water supply
purposes. The underlying Buccleuch Group and Renmark Group are
confined aquifers which are exploited only near the basin

margins where they become shallow against basement highs.

Pre-Permian Basement Intersections

The following descriptions for the Early Palaeozoic basement
intersected in each of 7 drillholes summarise detailed logging
and petrology. The petrology is compiled in Appendix 1, and
composite logs for each hole, including descriptions of Tertiary

and Permian intersections, are included in Figs 6-14.
Peebinga 1
A total of 55.47 m of approximately equal proportions of

metabasic (interpreted as basalt), limestone and black shale

(with tuffaceous horizons) were intersected in Peebinga 1.

G01755
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The metabasics in hand specimen are dark grey with a greenish
tinge. Porphyritic minerals and amygdales are often visible as
faint outlines, and many thin veinlets of calcite, chlorite and
quartz are visible (Plate 2). In thin section the metabasic is
usually porphyritic and amygdaloidal and consists of a fine-
grained groundmass of interlocking plagioclase laths, opaques,
leucoxene, chlorite and <carbonate with phenocrysts of
plagioclase feldspar from 2 to 5 mm in diameter (often altered
to sericite and carbonate) and occasional altered olivine and
relict pyroxene phenocrysts. The amygdales are usually infilled
with cryptocrystalline silica or chlorite (Plate 3). Shearing
and veining commonly disrupt the metabasics, and veins are
infilled with carbonate (mostly calcite), chlorite and quartz.

Veins up to 10 mm width are common.

The limestone is a grey micrite, exhibiting a distinctive wavy,
nodular bedding, at ~40° to the core axis (Plate 4), which is
commonly disrupted by fractures infilled by reworked carbonate

as well as silica, chlorite, sericite and pyrite.

The black pyritic shale (Plate 5) occurs interbedded with common
centimetre-size beds and thicker 1lenses of grey-green
‘tuffaceous’ phyllite. Samples of this lithology have been

analysed unsuccessfully for palynological dating.

Zones of black, finer grained and more brecciated metabasic
‘agglomerate’ occur at 592.2 m - 593 m, 600.03 m - 602.6 m and
624.2 m - 627.1 m. These zones commonly occur at the contacts
between the metabasic units and either the limestone or black
shale. At two of these contacts (602.6 and 624.2), a thin (300
mm thick) bed of tuff containing millimetre-size fragments of

the metabasic occurs between the agglomerate and the sediments.
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Brecciation of the limestone appears to have occurred in situ
since limestone blocks seem to have suffered only minor
rotation. The breccia matrix includes reworked carbonate and
pyrite. The limestone has been unsuccessfully examined for
macrofossils by inspection of slabbed core and acid solution

residue.

The grey-green tuffaceous phyllite bands (Plate 6) found within
the black shale commonly consist of a mass of fine-grained
sericite. However, some more granular horizons (eg. 614.7 -
617.6 m) exhibit fragments of feldspar and aggregates of
interlocking plagioclase texture (up to 20 mm diameter)

suggesting they are clasts of fragmented metabasics.

Sulphide mineralisation is restrictgd to the éommon occurrence
of pyrite throughout the section (up to 1% by volume). Pyrite
occurs within veinlets and as centimetre-sized aggregates within
the black shale (Plate 7), as millimetre-sized euhedral to
subhedral grains within the matrix of the limestone breccia, and
. as veinlets within the metabasics. Pyrite also occurs
associated with the rims of clasts within a metabasic tuff at
614.7 - 617.6 m suggesting that pyrite formed during diagenesis.
Pyrite is frequently associated with cryptocrystalline silica
which forms pressure shadows surrounding the grains, once again
suggesting that sulphide mineralisation occurred prior to

deformation of the rocks.

Structural deformation within all rock types encountered in the
cored interval appears heterogeneous, varying from virtually no
preferred grain orientation to development of an intense
foliation often associated with shearing (commonly at 40° to the

core axis).

Shear zones account for many of the lithological contacts (eg.

589 m, 612.1 m, 614.7 m and 630.7 m). However, sufficient
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contacts are preserved to demonstrate that the metabasics were
introduced coeval with deposition of the limestone and black
shale. Evidence for this 1is suggested by the intimate
association of sediments with the metabasics. One example is a
metabasic unit (608.3 m - 612.1 m), in contact with overlying
limestone, consisting of a vesicular metabasic agglomerate with
a micritic and veined carbonate matrix forming 10 - 15% of the
total rock. This is ihterpreted as a lava flow extruded into a
carbonate-depositing environment. Further evidence is seen in
the interbedding of metabasic lapilli tuffs at the contact with
the metabasics and within the black shale units. The metabasics
are interpreted as vesicular basalt lavas and associated
metabasic fragmental lapilli tuffs. These lavas may have been
extruded as pillow lava (Plate 8) as evidenced by the glassy
marginal breccias to the metabasic units, suggesting rapid
chilling in water. At least two types of lava are recognised;
a magnetic lava occurring at the base of the cored interval
(630.7 - 635.7 m) and containing phenocrysts of olivine and
relict pyroxene, and lavas above this interval which are non-
magnetic and do not exhibit either olivine or pyroxene
phenocrysts. It should be noted, however, that lavas of this
second category are generally more altered which could account
for this variation. The magnetic metabasic probably accounts
for the 1local broad magnetic anomaly that was the target for
this drillhole. This magnetic high occurs at the northern
termination of a broader belt of anomalous magnetic intensity
(the Stavely Belt of Brown et al., 1988; also referred to as the
Dimboola Gravity-Magnetic Ridge by Vandenberg, 1988) that trends
SSE over the Victorian border and includes the Mount Stavely

Volcanic Complex.

The dominant lithologies in this drillhole sequence comprise a
limestone unit overlying a black shale unit with tuffaceous
horions; this sedimentary sequence 1is interbedded with three

vesicular basalt pillow 1lava flow wunits, one within the
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limestone, another at the contact, and the lowermost unit within
the black shale. The presence of shearing within the cored
interval and the unknown attitude of the sequence precludes
direct correlation with other described volcanic sections.
However, there may be a link with the Truro Volcanics of the
eastern Mount Lofty Ranges where pillow lavas are interbedded
with Heatherdale Shale and closely associated with the Fork Tree

Limestone.
Kringin 1

The basement intersection (407 m - 408.95 m) consists of medium-
grained, slightly porous metasandstone (Plate 9). A foliation
of moderate intensity at approximately 20°-30° to the core axis,
is defined by the preferred orientation of medium-grained
biotite (~25%). A weak quartz grain-shape fabric lies
approximately 20°-25° to the biotite foliation. A minor

sericitised component (~10%) is probably lithic feldspar.

The grade of metamorphism of the metasediment is moderate, at
biotite grade amphibolite facies. The top of the intersection

is moderately weathered, and contains minor graphite.

The stratigraphic age of this metasediment is indeterminate,
although correlation with Cambrian Kanmantoo Group is most
likely. The unit has some 1lithological similarites to the

Tapanappa Formation of the eastern Mount Lofty Ranges area.
Wirha South 1

Two metres (330 m - 332 m) of fine to medium-grained grey
granite were intersected at the base of the drillhole (Plate
10). The granite contains fine to medium-grained quartz,
plagioclase and orthoclase-microcline with a consertal texture.

Minor fine to medium-grained biotite and muscovite also occur.
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Chlorite has partially replaced biotite. Plagioclase grains

exhibit well-developed concentric zoning.

The granite has undergone minor dynamic recrystallisation during
strain, with development of fine-grained recrystallisation rims
of quartz and feldspar around original grains. Several medium
quartz grains have completely recrystallised to fine-grained

polygonal mosaics.

Although the granite has undergone some strain, as indicated by
the minor dynamic recrystallisation, there is no planar or
linear tectonic fabric evident on either the meso or microscopic

scales.
Tori Hills 1

The basement intersection (252-260.6 m) consists of medium to
coarse-grained pink-grey granite to granodiorite with several

xenoliths of intermediate composition (Plate 11).

The granite contains medium to coarse—grained subhedral to
euhedral plagioclase, gquartz and K-feldspar. Biotite and
hornblende occur as fine to medium-grained aggregates, with
partial replacement by <chlorite, muscovite and epidote.
Plagioclase exhibits well developed concentric zoning. Fine to
medium~grained opaques occur as aggregates and disseminated

grains within concentrations of biotite and hornblende.

Intermediate to mafic =xenoliths up to 6 cm long occur over
several intervals. The xenoliths contain fine to medium-grained
plagioclase laths, plus medium-grained biotite and hornblende,

with minor quartz.

Narrow (<4 mm) veins containing calcite, minor opaques

(including ?pyrite) and zeolites, are common. Minor carbonate
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replacement of feldspar has occurred 1locally within the

granitoid, along with partial sericitisation.

The granitoid has no visible tectonic fabric, and is interpreted
as a post-Delamerian Orogeny intrusive, similar to the granitoid
intersected in Wirha South 1. A major difference between the
two graintoids is their magnetic character; this granitoid
appears as a magnetic high anomaly, while the Wirha South 1
granitoid lies within a magnetically quiet zone. This suggests
that a major proportion of the opaques occurring in the Tori

Hills 1 granitoid consists of magnetite.

Peake 1

A total cored interval of 12.1 m consists of metadolerite
(minimum thickness 9.3 m) overlying and intruding an albititic
rhyolite (minimum thickness 2.8 m). The contact between the two

units is sharp and irregular (Plate 12).

In hand specimen the albitite is a pale grey, fine-grained
massive rock with disseminated pyrite mineralisation (Plate 13).
In thin section the rock 1is porphyritic and exhibits a
distinctive groundmass of quartz and albite laths up to 0.1 mm
in length, with pyrite forming irregular clusters of grains 1.5
mm across. Phenocrysts consist of quartz and plagioclase (Plate
14). Chlorite patches occur throughout the groundmass and
suggest alteration of either ferromagnesian minerals or a glassy
matrix. Minor epidote occurs as a replacement of ferromagnesian

phenocrysts.

The metadolerite in hand specimen is a grey massive rock with a
granular texture cross cut by thin carbonate veins (ca. 40° to
core axis). In thin section this rock is more coarse-grained,
more strongly altered and richer in ferromagnesian minerals than

the albitite. The rock consists of an interlocking fabric of
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plagioclase 1laths, relict pyroxene, leucoxenised opaque
minerals, pyrite and abundant epidote and chlorite replacement,

plus minor quartz (Plate 15).

Mineralisation is restricted to pyrite grains (up to 1% by
volume) disseminated throughout both rock types.

Both rock types lack an obvious fabric.

The metadolerite and albitite are interpreted as shallow,
possibly sub-volcanic intrusives. The metadolerite intrusive
unit becomes distinctly finer—-grained on approaching the contact
with the albitite below. The contact between the two units is
sharp and irregular suggesting intrusion of the albitite by the

metadolerite.
Caringa 1

A total of 112.2 m of medium to fine-grained amphibolite and
amphibole schist, with minor felsic inclusions, were intersected

in Caringa 1 (196.3 m - 308.5 m).

The amphibolite contains fine to medium-grained plagioclase
laths plus blue-green tabular to acicular hornblende grading to
acicular actinolite (Plate 16). Chlorite occurs as a
replacement of amphibole, 1locally grading from partial to
complete replacement. A weak foliation (ca. 15°-20° to the core
axis) is defined by the preferred grainshape alignment of
amphibole and chlorite. Veins up 20 mm wide, containing
chlorite + calcite + pyrite (and occasionally ilmenite) are
common throughout the core. These are commonly oriented
approximately 45° to the core axis. Sphene is a common trace
mineral throughout the amphibolite, and epidote commonly occurs
as a partial replacement of palgioclase and amphibole. Opaques
occur as fine to medium-grained anhedral aggregates associated

with amphibole and chlorite.
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The lowermost interval of amphibolite (beginning at 308.5 m)
gradually grades upwards from medium to fine-grained. From 303
m to 289 m, the amphibolite is fine-grained, grading into an
intensely-foliated amphibole-chlorite schist. The schistose
phase at several intervals contains clasts of felsic to
intermediate granitoids (Plate 17). At approximately 289-300 m,
the amphibole-chlorite schist intertongues with an overlying
monotonous medium-grained amphibolite. Contacts visible within
the core are complex and steep, and appear intrusive, with later

localised shearing.

In thin section, as the amphibolite grades into the schistose
phase near contacts with the uppermost amphibolite and the
granitoid clasts, relict fine to medium-grained subhedral
plagioclase laths become overprinted by acicular amphibole +
chlorite (Plate 18). Epidote becomes common with the gradation
to the schistose phase. The contacts with both the amphibolite
and the granitoid clasts are typically sheared, with sevéral
episodes of contact-parallel and discordant shearing evident.
The amphibole-chlorite schist exhibits excellent development of
dynamically-recrystallised mylonitic fabrics, including
anastomosing S-C grainshape - shear plane foliations,
discontinuous late-stage microscopic kink folds and sécondary
crenulation cleavages, and the intense recrystallisation of
(?introduced) quartz grains to form elongate ribbons of fine

polygonal grains.

The granitoid clasts, which vary from syenite and monzodiorite
to granite in compoéition also exhibit evidence of deformation
during shearing. Quartz and feldspar within the felsic clasts
have undergone dynamic recrystallisation along grain boundaries
and within narrow (<1 mm) discordant shears to produce proto-to

blastomylonitic textures (terminology of White, 1982).
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Contacts between granitoid and amphibole schist are complex,
intertonguing and branching. The amphibole schist appéars

intrusive into the granitoid clasts.

Pyrite is abundant throughout the amphibolite and schist (up to
2% visual estimate), both concentrated in narrow (<2 mm) veins
and pods up to 10 mm wide, and disseminated throughout the core.
Several pods have a visible boxwork texture. Within the
lowermost medium-grained amphibolite interval, discordant narrow
pyrite veins are particularly abundant. Some medium-grained
euhedral pyrite grains within the sheared schistose phase have
well-developed quartz-calcite pressure shadow tails and, less
commonly, biotite selveges. This suggests that at least some of

the sulphide visible was present prior to deformation.

Graphité occurs locally within the amphibolite along shear

planes.

The mafic lithologies are interpreted as uralitised dolerite,
emplaced as two intrusions. The uppermost medium-grained
metadolerite has been intruded by the lower medium-grained
metadolerite, which grades into the fine-grained phase near the
contact as a chill margin. The fine-grained phase has
subsequently been mylonitised during 1localised . shearing,
possibly associated with development of the regional weak

foliation in the amphibolite.

The granitoid clasts are interpreted as =xenoliths of deeper
country rock brought up during emplacement of the second
metadolerite. The unique concentration of these c¢lasts within
the fine-grained amphibolite phase may be explained by

entrainment during viscous flow in the marginal zone of the
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mafic magma. The proto to blastomylonitic recrystallisation of
the granitoid clasts most likely occurred at the same time as
shearing along the amphibolite—amphibolite and amphibolite-

granitoid contacts.
Wynarka 1

The basement intersection (168.4-191.6 m) is composed of fine
to medium-grained amphibolite with varying degrees of alteration
and carbonate replacement, plus three intervals of granodiorite
(172.8-173.0 m, 1737.7-174.3 m and 175.1-181.4 m) (Plate 19).

The amphibolite typically is composed of medium-grained blue-
green tabular to acicular hornblende to actinolite, plagioclase
laths, chlorite and fine-grained opaques (Plate 20). Relict

pyroxene within hornblende is rare.

Minor quartz occurs throughout the amphibolite. Within the
lowermost interval of amphibolite, both quartz and amphibole
exhibit dynamic recrystallisation to produce fine-grained mosaic
aggregates. Carbonate (calcite) and sericite have replaced the
6riginal plagioclase laths to varying degrees throughout the
amphibolite. A very weak foliation is locally evident within
the amphibolite, and a narrow (2 cm wide) shear zone at 170.7 m,
and approximately 60° to the core axis, consists of mylonitic
stringers of alternating carbonate and amphibole-chlorite bands,

producing a localised intense foliation.

The amphibolite~granodiorite contacts appear moderately
irregular and are approximately 30° to the core axis. The
contacts are interpreted as intrusive. Approaching the
contacts, the amphibolite becomes finer—-grained, with almost
complete replacement of the amphibolite mineralogy by chlorite’
and calcite (Plate 21). Within several contact zones, fine-

grained secondary epidote is abundant, locally comprising up to
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50% of the mineralogy. The gradation of grainsize in the
amphibolite towards the contact zones is interpreted as a chill
margin, suggesting the amphibolite represents an original
dolerite which intruded the granodiorite. Development of
mylonitic textures in the chlorite-rich contact zones suggests

at least some late stage shearing has occurred.

The granodiorite consists of medium to coarse-grained quartz,
plagioclase and orthoclase, with rims of fine, dynamically-
recrystallised quartz and feldspar. Narrow (<2 mm) discordant
shears contain mosaics of very fine-grained quartz and feldspar.

The granodiorite is protomylonitic.

Carbonate replacement within the amphibolite most 1likely
occurred during localised development of shear zones through the
intrusive, allowing mobilisation of carbonate-rich fluids.
Protomylonitisation of the granodiorite may have occurred at the

same time.

Thin (<3 mm) discordant veins of pyrite and ?pyrrhotite occur
within the amphibolite and occasionally broaden into patches up
to 5 mm wide. Minor disseminated fine-grained pyrite is common.
Fine-grained pyrite occurs with calcite in some of the sheared

amphibolite-granodiorite contact zones.

Wynarka 2

A total of 21.5 m (166.2 - 187.7 m) of intensely altered and
carbonate-replaced metadolerite was recovered. The metadolerite
is heavily calcite-veined, and intersected by a shear zone
(172.6-174.6) containing abundant sheared and recrystallised

calcite plus clasts and bands of metadolerite (Plate 22).
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The metadolerite consists of intensely-altered fine to medium-
grained plagioclase laths with interstitial chlorite (?2after
hornblende) and minor quartz. Approaching the fault zone,
carbonate replacement of plagioclase and chlorite increases.
Associated with the carbonate are minor fine-grained anhedral
opaques, inéludihg ilmenite and pyrite. |

Within the fault zone, breccia clasts of metadolerite lie within
a calcite matrix. A solution cleavage is visible in the breccia
clasts. The carbonate matrix exhibits a variable-intensity
foliation (Plate 23). Where shearing and recrystallisation has
been most intense within the zone, alternating bands of
recrYstallised calcite and intensely altered metadolerite (now
calcite + chlorite + opaques) form a streaky mylonite (Plate
24) . Two foliations are locally evident in these intervals; an
S-plane foliation is defined by elongate calcite and chlorite
bands (~20° to core axis) and C-plane shears with fine-grained

recrystallised chlorite (~35° to dore axis) .

A second breccia zone occurs at 181.7-182.4 m. Margins of the

fault zones are approximately 30° to the core axis.

Brittle calcite-filled veins from 1 mm to 10 mm throughout the

metadolerite are oriented between 10° and 90° to the core axis.

Pyrite occurs throughout the carbonate breccias and metadolerite
as fine disseminated grains, commonly associated with carbonate

replacement.
The wunit 1is interpreted as part of the metadolerite body

intersected in Wynarka 1 to the east, located adjacent to the

faulted contact with interpreted metasediment west of Wynarka 2.
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GEOCHEMISTRY

Major and Trace Elements

42 samples of drillhole core were geochemically analysed for 11
major elements and 38 trace elements including Rare Earth

Elements. A number of analytical methods were used, including:-

ICP (acid digestion) - Major elements

XRF - As, Ba, Bi, Sb, Sn, V, Zr

Atomic Absorbtion Spectrography - Ag, Cr, Cu, Ni, Pb, Zn
Fire Assay - Au, Pt, Pd

ICP - Mass Spectrography - Ce, Dy, Nd, Er, La, Eu, Lu, Yb,
Y, Sm, Gd, U, Th, Sr, W, Ta, Mo, Nb, Ga, Co, Cs, Rb.

To reduce variations caused by alteration effects, all analyses
were recalculated to 100% volatile free prior to plotting. The
geochemical analyses for each drillhole are dealt with in
detail.

Peebinga 1

The nine geochemical analyses performed on Peebinga 1 samples
reflect the described 1lithologies. Sample 7028RS24 of the
carbonate at 584.13m 1is high in Ca0 (47.2%) and contains
negligible MgO (0.73%), confirming its lithological description
as a limestone. The phyllite (7028RS35) is distinguished by
high levels of SiO, (66.7%) and Th (22 ppm) but lower Na,0, TiO,,
Fe,0, relative to the metabasalts in this drillhole. The
metabasic tuff (7028RS$S29) from 605.8m is distinguished from the
phyllite (shale) by lower SiO, (37%) and when compared to the
Peebinga 1 metabasalts is lower in SiO,, Na,0, TiO,, MgO and
higher in K,0, Ba (Fig. 15a).
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The metabasic lavas have all undergone greenshist facies
metamorphism, and their current altered state is reflected in an
average LOI of 6.02%; the least altered metabasic was 7028RS37
with a LOI of 2.54%.

The metabasic lavas plot in the basalt field (close to the
alkaline tephrite/basanite field) on the Si0, versus Na,0+K,0
classification of Le Bas et al. (1986) (Fig. 16a). In the
Zr/TiO, versus Nb/Y classification plot (Winchester and Floyd,
1977; Fig. 16b), using elements considered immobile during
alteration, the metabasic lavas fall within the field of alkali
basalts. This alkaline nature is further emphasised using the
total alkalis versus Si0, plot, where the Peebinga 1 lavas all
fall within the alkaline basalt field of MacDonald (1968) (Fig.
l6c) .

The alkali metabasalts represent a closely related geochemical
series, with similar SiO, values (approx. 45%), the exception
being 7028RS37 which 1is petrologically described as a
plagiobasalt and has increased SiO, (57.3%). The plagiobasalt
exhibits a more fractionated character which is reflected in
lower levels of MgO, TiO,, V, Cr, Ba and anomalously high Zr
(Fig. 15). The remaining alkali basalts (7028RS38, RS39, RS31,
RS25, RS26) represent a series of increasing fractionation (Fig.
15); the more primitive compositions occur in the lower lava
flows of the drillhole intersection and are distinguished by
presence of olivine phenocrysts and lower concentrations of K,0,

Fe,0,, Ba, and As.
Caringa 1
The drilled intersections of Caringa 1 fall into two groups:

(1) metadolerite

(2) granitic xenoliths
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Loss on Ignition values for the Caringa 1 rocks are generally
low (average 1.04%), suggésting a generally minor degree of

alteration, despite undergoing greenshist facies metamorphism.

The metadolerites form a tight cluster on the A-F-M diagram
(Fig. 17a) suggesting a closely related group, whereas the

granitic xenoliths plot over a larger chemical range.

The metadolerites plot within the sub-alkaline basalt and
basaltic-andesite fields of the Nb/Y versus Zr/Tio,
classification plot of Winchester and Floyd (1977) (Fig. 16b),

thus contrasting with the alkaline metabasics of Peebinga 1.

An exception to the closely related metadolerite samples exists
in 6827RS120, described petrographically as an albitic
metadolerite; this exhibits a more fractionated character with
elevated Fe,0,, MnO, P,0;, Zn, Zr, Th, U, Nb and depressed Mg0O and
Al,0;. This more acidic composition is not considered to be
caused by either contamination with felsic xenoliths that occur
in this drillhole, as Si0O, values appear unaffected (Figs. 17b

and c¢), or alteration, as LOI values are low (0.63%).

The felsic =xenoliths, are petrographically described as
monzodiorites and granodiorites as well as more alkaline

varieties such as albitites, some of which are porphyritic.

Plotted on the Ba-Rb-Sr classification system of EL Bouseily and
EL Sokkaru (1975) (Fig. 18a), the granitic xenoliths plot over
a range of rock types from "anomalous"™ granodiorites through to
"normal" diorites. The anomalous characteristic of these
xenoliths (high 2r, Sr, Na,0 and low Ba, Rb, K,0) is also
apparent in the Ba-Rb-Zr plot (Fig. 18b), which suggests an

alkaline affinity.
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Wirha South 1

The granite shows signs of mild alteration with low values of
LOI (1.13%). On the Ba-Rb-Sr classification plot (EL Bouseily
and EL Sokkary, 1975) this rock falls within the field of normal
granites, and has relatively high Ba, Rb and K,0:Na,0 ratio and
low Zr (Fig. 18).

Tori Hills 1

Three samples of granitoid all plot as a tight group within all
variation diagrams. This rock plots as a normal granite in the

Ba-Rb-Sr classification (Fig. 18a).

Peake 1

The drilled intersection comprises two rock types:

(1) metadolerite

(2) porphyritic albitic rhyolite.

The metadolerites plot on the alkaline/subalkaline boundary of
MacDonald (1968) of the total alkalis versus silica plot,
indicating that the metadolerites of Peake 1 represent a
slightly ‘alkaline variant of those from Caringa 1 (Fig. 16c).
These rocks have undergone greenshist facies metamorphism and
are mildly altered with LOI values of approx. 2.5%. The albitic
rhyolite has a high Si0, content (72.8%), and plots in the field
of anomalous granites in the Ba-Rb-Sr classification plot (EL
Bouseily and EL Sokkary, 1975; Fig. 18a). The albitic rhyolite
is enriched in S$1i0,, Na,0, Fe,0,, Zr, Y, Ga and Cu but low in K)0O,
Ti0,, MgO, Rb and Ba relative to normal granite; this anomalous

geochemical character is reflected in the predominance of albite
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in the phenocrysts and groundmass of this rock. However, on the
Zr/TiO, versus Nb/Y volcanic classification of Winchester and
Floyd (1977) (Fig. 16b) this rock plots as a sub-alkaline
rhyolite.

Wynarka 1

The drilled intersection contains two rock types:

(1) metadolerite

(2) granitoid.

Both rock types have been metamorphosed, however, the overall
level of alteration is mild with LOI values usually <1%. Two
metadolerite compositional groups are apparent from an AFM plot
of Wynarka 1 samples (Fig. 19), the 1least fractionated
geochemical type 1is represented by sample 6827RS151. Both
metadolerite types plot in the sub-alkaline field of MacDonald
(1968) of the total alkalis versus $i0O, plot (Fig 16c).

The felsic rocks, described petrographically as protomylonitic
granodiorite, plot as a single group of Normal Granites
according to the Ba-Rb-Sr classification of El Bouseily and El
Sokkary (1975) (Fig. 18b).

Wynarka 2

Intense chlorite + calcite alteration associated with tectonic
deformation is the predominant feature of the metadolerites of
Wynarka 2, with CaO concentrations up to 28.1% and LOI values up
to 24.3% (no doubt much of this being CO,). All samples with
greater than 8% LOI were excluded from geochemical plots,

therefore the samples utilised were 6827 RS 139, 142, 149.
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In all discrimination and classification plots the metadolerites

of Wynarka 2 appear analogous to those of Caringa 1 (Fig. 16).

Geochemical Synthesis

Geochemical analyses of drillcore from the current drilling
program exhibit a bimodal SiO, distribution between basalts and
metadolerites on the one hand and granite/granodiorite and

rhyolite on the other.

Furthermore, the mafic rocks fall into two distinct groups:

Group 1 - metabasalts of Peebinga 1
Group 2 - metadolerites of Caringa 1, Wynarka 1 & 2, and
Peake 1.

Group 1 metabasalts have the lowest initial SiO, level but evolve
to the highest SiO, mafic rocks. These rocks are alkaline and
evolve with rapid enrichment in Fe,0, relative to MgO (Fig. 20a),

as well as anomalous enrichment in TiO,, Ba and As (Fig. 20b).

Group 2 are sub-alkaline (?shallow intrusive) metadolerites
exhibiting less marked enrichment in Fe,0, relative to MgO. This

group can be further subdivided into:

Sub-Group (a) Caringa 1, Wynarka 1 and 2
Sub-Group (b) Peake 1.

The Peake 1 sub-group represents a more fractionated and

alkaline version of the sub-group (a) metadolerites.

Group 1 metabasalts exhibit a wide geochemical range compared to
the combined subgroups of the Group 2 metadolerites, suggesting
that the Peebinga 1 basalts have undergone a greater degree of

fractionation than the metadolerites.
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This fundamental division is further emphasised in the Ti/100
versus Zr versus Y*3 discrimination plot (Pearce and Cann,
1973); Fig. 21&) which classifies Group 1 metabasalts as within-
plate type, sub-group (a) as mid-ocean ridge type and sub-group
(b) as calc-alkali type.

This is further confirmed in the discrimination plot of Meschede
(1986) (Fig. 21b), where Peebinga 1 basalts plot as a clear
group in the within-plate field and all of the metadolerites
plot in the field of normal mid-ocean ridge basalt (N-type
MORB) .

The majority of granitic rocks classify as I-type granites
(classification of Chappell and White, 1974) on the basis of
having Mol Al,0,/ (Na,0 + K,0 + Ca0) <1.1; furthermore these rocks
are higher in Na,0 for specific values of K,0 than would be
expected for S-type granites. The exception is the Wynarka 1
granite. However, this is a borderline case at 1.12 (Mol
Al,0,/ (Na,0 + K,0 + Ca0).

The Peake 1 albitic rhyolite, although interpreted as extrﬁsive,
represents an anomalous granitic composition and according to
the definitions of Whalen et al. (1987) would classify as an A-
type granite with relative enrichment in 2r, Y and Ga and

depletion in Ca0 and Ba.
Metallic Commodities
Base Metals

Base metal values within the limestone-basalt sequence in
Peebinga 1 are generally low. Cu values range from 18 to 64 ppm
(maximum within metabasalt), and Pb values range from 15 to 46

ppm (maximum within micritic limestone). 2Zn values are slightly
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elevated, ranging from 48 to 190 ppm. A total of 6 samples of
amygdaloidal and agglomeratic basalt within the interval 589-636
m yielded values of >100 ppm Z2n. The maximum Cu, Pb, Zn values

are not coincident in any one sample.

The metabasic suite intersected in Wynarka 1 and 2 and Caringa
1 also has low base metal values. Cu values are generally in
the range 4-60 ppm, with an anomalous value of 180 ppm within
a zeolite-epidote veined amphibolite in Caringa 1. The zeolite
vein contains abundant patches of pyrite up to 10 mm across. Pb
ranges from <4 ppm (detection limit) to 66 ppm. The maximum Pb
value occurs within a clast of protomylonitic granodiorite
contained within metadolerite in Wynarka 1. Zn values range
from 15 ppm to 125 ppm, with 6 samples of amphibolite yielding
>75 ppm Zn in Caringa 1. These values are scattered throughout
the core from 198 to 307 m. Values of >75 ppm 2Zn are also
common throughout the carbonate-replaced metadolerite in both

Wynarka 1 and 2.

The Delamerian granitoids intersected in Wirha South 1 and Tori
Hills 1 have low base metal values: Cu 6-30 ppm, Pb 34-54 ppm
and Z2n 58-64 ppm. The ?Cambrian meta-arkose in Kringin 1 also

has low base metal values.

The albitite within Peake 1 has an anomalous Cu value of 280
ppm, represented in drillcore by copper staining along fracture
planes. Pb and 2Zn values for the albitite are <50 ppm. One
specimen of the metadolerite interpreted to intrude the albitite

has an anomalous Zn value of 125 ppm.

Precious Metals

Au values for all of the intersected basement rocks are
typically < 1 ppb (detection limit). A sample of micritic

limestone, and one of phyllite from Peebinga 1 recorded values
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of 6 ppb Au. One pyrite-rich, carbonate-replaced metadolerite
specimen from Wynarka 1 recorded 4 ppb Au. Amphibolite within
Caringa 1 contained no Au values above detection limit, but 2
separate felsic to intermediate clasts yielded values of 2 and
4 ppb respectively. The maximum Au value recorded was 8 ppb for

granite intersected in Tori Hills 1.

Almost all samples analysed have Ag values < 1 ppm (detection
limit). Only one specimen of carbonate-replaced metadolerite in

Wynarka 2 recorded a higher value of 2 ppm.

Pt and Pd values for all specimens have values at or below
detection 1limits (5 ppb and 1 ppb respectively), with 2
exceptions: 2 ppb Pd were recorded in both a pyrite-rich
phyllite in Peebinga 1 and a carbonate-replaced metadolerite in

Wynarka 2.

STRATIGRAPHIC AND TECTONIC CORRELATIONS

The weakly metamorphosed Dbasalt-limestone-shale sequence
intersected in Peebinga 1 is lithologically similar to the Early
Cambrian Truro Volcanics and Fork Tree Limestone association of
the Normanville Group in the eastern Mt Lofty Ranges. The
basalt also shows geochemical similarities to the Truro
Volcanics; both are alkaline and have within-plate
characteristics (using the Ti-Zr-Y discrimination fields of
Pearce and Cann, 1973; Fig. 22a). However, the basalt in
Peebinga 1 occurs at the northwestern termination of the

geophysically~-defined Stavely Belt.

The Stavely Belt contains calcalkaline volcanics associated with
clastic sediments, whereas Heathcote and Mt Wellington
greenstone belts further to the east within the Lachlan Foldbelt
are dominated by MORB-type tholeiitic basalts, dolerites with

occassional boninites and peridotites within the Lachlan
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Foldbelt, which are depositionally overlain by Upper Cambrian to
Ordovician sediments (Crawford, 1988; Coney et al., 1990). The
tectonic setting of the Stavely Belt is ambiguous with some
workers (Brown et al., 1968; Crawford, 1988) suggesting the belt
is a wvolcanic arc that formed after Kanmantoo Group
sedimentation. However, Cas (1983) and Coney et al. (1990) note
that no ‘trench assemblage’ and therefore no facing for an arc
have been recognised. A Ti-Zr-Y discrimination plot of all the
major volcanic rock types occurring in the Victorian greenstone
belts (Fig. 22b; data ffom Crawford, 1988) shows that tholeiites
of the Heathcote and Wellington belts plot in the MORB field,
and that andesites of the Mt Wellington belt plot within the
calc-alkali basalt field. However, none of the Victorian
greenstone belts exhibit the within-plate character of the
Peebinga 1 metabasalt (and Truro Volcanics; Fig. 22a).
Therefore, several models can be proposed to explain the
association of the Peebinga 1 basalt with the Stavely Belt
geophysical trend.

The first model accepts that the Stavely Belt represents a
volcanic arc formed during reconvergence of a Victorian
microcontinental block with the Australian Craton-Kanmantoo
Trough during Middle to Late Cambrian (as suggested by
Schiebner, 1985 and Brown et al., 1988). However, the volcanics
and sediments represented by the Peebinga 1 represent an
allochthonous block of Early Cambrian shelf sediments and
volcanics of the Stansbury Basin incorporated on the margin of

the volcanic arc.

Alternatively, the Mount Stavely Volcanic Complex may be
correlatable with the Early Cambrian Normanville Group. The
tectonic setting for the volcanics in this instance 1is
problematical, but must account for the calcalkaline nature of
the Mount Stavely Volcanic Complex. This may be accommodated by

envisaging volcanic arc and back-arc basin development in the
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southeast along the margin of a continental plate during the
Early Cambrian. In this model, both the Stansbury Basin and
Stavely Belt are overprinted by major crustal extension and

deposition of the Kanmantoo Group.

A third alternative is that the Peebinga 1 basalt is equivalent
to a volcanic-arc Mount Stavely Volcanic Complex, and not
correlatable with the Truro Volcanics. This correlation would
require a change in the geochemical nature and source of the
volcanics along the length of the Stavely Belt. At present

there is no evidence which favours one model over another.

The meta-sandstone within Kringin 1 is interpreted as equivalent
to Kanmantoo Group metasediments. No relationships between
these and the weakly-deformed Peebinga 1 sequence can be

inferred from geophysical evidence.

The weakly deformed metabasic complex intersected in Wynarka 1
& 2, Caringa 1 and Peake 1 when compared with Victorian
volcanics, shows a close analogy to the tholeiites of the
Heathcote and Mt Wellington Belts although the andesites and
boninites of Victoria are much lower in TiO, and higher in SioO,
than any of the basalts and metadolerites encountered in the

South Australian Murray Basin basement (Fig. 23).

The metadolerites intersected in this drilling program mostly
have primitive MORB-like characteristics (Fig. 2la), and are
geochemically similar to the syn-Kanmantoo Group to syn-
Delamerian Orogeny metadolerites and amphibolities reported by
Liu and Fleming (1990) (also Liu and Parker, 1990) that intrude
the Kanmantoo Group in the eastern Mount Lofty Ranges. These
basic intrusives have been interpreted by Liu and Fleming (1990)
as intruded within a continental-oceanic marginal crust setting.
In the north of the Murray Basin area, a zone of similar

magnetic character was found to contain ?Cambrian basic and
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metabasic dolerite and ?basalt (CRA, 1985; Preiss and Radke,
1988; these rocks are analagous to the metadolerite intersected
in Peake 1. This zone, which swings in an arc eastwards into
NSW (south of the Broken Hill Block) is interpreted as a
volcano-sedimentary belt of late-Kanmantoo Group, early-
Delamerian Orogeny affinity. It is probable that the metabasic
complex at Wynarka-Caringa-Peake is related to this volcano-

sedimentary belt.

The stratigraphic position of the albititic rhyolite intersected
in Peake 1 1is wunknown, although it is possible that it
represents a bimodal magmatic component of the pre-to syn-
Delamerian Orogeny metabasics. The albititic rhyolite plots
within the field of ocean ridge granites in the discrimination
plot of Pearce et al. (1984) (Fig. 24) and therefore may
represent an acid differentiate of the MORB-like metadolerites.
An occurrence of rhyodacite in SADME M129 (Barnett, 1988) which
is adjacent to the interpreted extent of the metabasics
intersected in Caringa 1, supports this tentative

interpretation.

The deformed granitoids intruded by metadolerite in Wynarka 1
and the granitoid xenoliths within Caringa 1 are of unknown age
and association. These = may represent either felsic
differentiates from a parent magma for both the metabasics and
granitoids, or represent pre-existing Precambrian or Early
Cambrian crust. Similar gneissic and plutonic xenoliths within
Middle Palaeozoic mafic dykes in Nova Scotia have been
interpreted as fragments of deep c¢rustal basement to the

overlying host terrane (Ruffman and Greenough, 1990).

The granitoids intersected in Wirha South 1 and Tori Hills 1 are
relatively undeformed, and are tentatively interpreted as late
to post-Delamerian Orogeny intrusives, similar to those which

are exposed in the Padthaway Ridge area. However, Foden et al.

G01755



60

(1990) indicate that the post-Delamerian granites are typically
A-type granites whereas the Wirha South 1 and Tori Hills 1
granites represent I-type granites that plot in the "volcanic-
arc-granite" field (Fig. 24), and are therefore more chemically
analogous to the syn-tectonic granites of the Delamerian

orogeny.

The Padthaway Ridge post-Delamerian Orogeny granitoids are
associated with porphyritic rhyolite and are geochemically
related to amphibolite, intersected in drilling at Meningie, and
to the Black Hill gabbro-norite complex (Turner et al., in
press). The Black Hill gabbro-norite complex plots in the MORB
and calc-alkali basalt fields of Pearce and Cann (1973) (Fig.
25a) and in the MORB and calc-alkali basalt field (Fig. 25b) of
Meschede (1986), suggesting a VAB or MORB-type magma parent for

this large mafic-ultramafic intrusive.

Weakly-deformed basalt and andesite intersected by CSR (1986) in
the Yumali-Coonalpyn region (Farrand, in prep.), although
structurally juxtaposed to the post-tectonic granitoids and
gabbro intrusives of the Padthaway Ridge area, have within-plate
characteristics (Fig. 25c¢) which, combined with their foliated
nature suggest correlation with the Truro Volcanics and possibly

the Peebinga 1 volcanics.

An isolated sample from within the Yumali-Coonalpyn area
exhibits anomalously high MgO (approx. 15%). The plot of MgO
versus TiO, (Fig. 25d) shows that this isolated sample correlates
with the flat trend of increasing Mgo with constant TiO, levels
typical of the Black Hill mafic - ultra-mafic suite; whereas
boninites with similar MgO levels from Victoria (Fig. 23) are
considerably depleted in TiO, relative to this sample. It
appears therefore, that an equivalent to the Black Hill gabbro-

norite magma type exists within the Padthaway Ridge area.
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The basalts and andesites of the Yumali-Coonalpyn area show
steeply inclined trends of increasing MgO with decreasing TiO,

(Fig. 25d), analagous to that shown by the Truro Volcanics.

Compilation of geophysical and borehole data has allowed
tentative interpretation of the stratotectonic framework of the
basement to the Murray Basin (Fig. 26). Based on drillhole
intersections of Cambrian mafic wvolcanics/intrusives and, to a
lesser extent, associated sediments, coincident with
magnetically anomalous zones, the mafic rocks are interpreted to
be areally extensive. Semicircular magnetic zones along the
Padthaway Ridge and other magnetically-quiet =zones in which
granitoids have been intersected by drilling, also suggest that
there are large volumes of syn—- to post-tectonic granitoids.
The paucity of drillhole data and the wide line-spacing of the
regional aeromagnetic surveys has limited the identification of
granitoids and other domains beneath the deeper eastern section

of the Murray Basin.

MINERAL POTENTIAL

Although drilling did not intersect base-metal (or any other)
mineralisation, the interpreted stratigraphic and tectonic
framework for the region indicates that there are major
aerially-extensive areas of basement beneath the Murray Basin

with a potential for base metal mineralisation.

Basement intersections from both this program and previous
exploration, stratigraphic and groundwater drilling, plus
regional geophysical interpretation indicate three major
provinces of Early Palaeozoic volcanics and intrusives with

potential for mineralisation.
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(1) Stavely Belt - basaltic pillow 1lavas interbedded with
pyrite-bearing shelf-facies 1limestone and black shale
intersected in Peebinga are possible correlatives of the
Truro Volcanics to the west, or the Mount Stavely Volcanic

Complex to the southeast.

(2) A discontinuous arc of bimodal intrusives and extrusives
extending from north of the Padthaway Ridge to south of the
Broken Hill Block - these are possible correlatives to
metadolerite and amphibolite intruded into the Kanmantoo
Group both during sedimentation and syn-Delamerian Orogeny,

and exposed in the eastern Mount Lofty Ranges.

(3) Padthaway Ridge area - bimodal magmatism, including mafic
intrusives and ?extrusives and rhyolitic extrusives
associated with post-Delamerian Orogeny granitoids. This
province also includes a zone of older, deformed basalt-
andesite in the Yumali-Coonalpyn region, possibly related

to the Truro Volcanics.

From the limited basement intersections of associations (1) and
(2), it is difficult to assess accurately the potential for the
existence of extensive ?bimodal volcanism similar to those of
the Mount Read Volcanics. However, as noted above, the magnetic
domains in which these rocks occur are aerially extensive and
offer a large area in which to explore. Furthermore, some of
these domains represent relatively shallow basement of the order
of 100-200m in depth below ground level in areas where access

and availability of facilities are not a problem.

The bimodal volcanism of asSociation (3) suggests similarity
with the Mount Read Volcanics, although this association is
interpreted to be partly post-Delamerian Orogeny, while the
Mount Read Volcanics was deposited prior to the Delamerian

Orogeny (Solomon et al., 1988). However, the volcanics in the
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Coonalpyn-Yumali area are pre-Delamerian Orogeny, are relatively
shallow, and yet have not been fully explored or researched;

they may be quite extensive in both area and depth.

Although base metal wvalues within the basement intersections
from this programme were low, all of the metabasics and
associated sediments contained abundant pyrite as discordant
veins, nodules and disseminated mineralisation, with up to 5%
visible sulphide. All of the volcanic associations outlined
above have potential for stratiform exhalative and/or epithermal

feeder zone sulphide mineralisation.

With the presence of possible equivalents to the Mount Stavely
Volcanic Complex, plus abundant syn- and post-Delamerian
granitoids, there is also a high potential for volcanogenic

and/or hydrothermal gold mineralisation.

The potential for PGE mineralisation within mafic-ultramafic
plugs of the Black Hill gabbro-norite complex has yet to be
tested, but geophysical data plus drilling indicate that there

are various intrusives likely to be part of this suite.
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TABLE 1. Summary of Geophysical Modelling of Magnetic Anomalies
ANOMALY FLIGHT FIELD MODEL DEPTH WIDTH MAGNETIC DIP COMMENTS
# LINE VERIFI= FIT BELOW SUSCEPT-
CATION SURFACE IBILITY
MBT 1 1750 YES Fair- 385m 1429m 0.0001 86°E Modelled as steep, easterly-dipping suite of
Good rocks. Discrete anomaly, no regional gradient
involved.

MBT 2 - NO - - - - -

MBT 3 1850 YES Fair 318m 714m 0.004 84w Modelled as steep westerly-dipping body. Anomaly
not located in field ~ suspected to lie within
conservation park.

MBT 4 1650 YES Poor 250~ 1500- 0.0006- - Models require more work. Generally a

340m 1650m 0.00075 westerly-dipping suite of rocks. Perhaps a
regional should be first taken out to assist
modelling. Better data subsetting required.

MBT 5 - NO - - - - -

MBT 6 1810 NO - 608m 893m 0.00068 76°E Complex anomaly. Not field verified. Regional
gradient involved. Difficult to get a good depth
estimate due to complexity.

MBT 7 1770 YES Fair 251~ 1017m 0.0005- 80°E Modelled as single discrete

273m 0.00055 Degree of fit quite good.
MBT 8 1830 YES Not - - - - Very small anomaly on the
Attempted ground. Questionable location of peaks. Ground
curves need drift correction.

MBT 9 1890 YES Not - - - - Needs removal of regional

Attempted gradient before modelling. Probably needs further
fieldwork to extend lines to accurately locate
anomaly. Possibly quite deep.

MBT 10 1770 NO - - - - - No flightline anomaly.

MBT 11 2030 YES Poor 30-162m 1700m 0.006 90° Complex, degree of fit to model poor. Requires
further work.

MBT 12 1890 YES Fair 84-117m 525m 0.00035 83°E A good fit obtained using a 5-body anomaly model.
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TABLE 1. Summary of Geophysical Modelling of Magnetic Anomalies Continued

ANOMALY FLIGHT FIELD MODEL DEPTH WIDTH MAGNETIC DIP COMMENTS
# LINE VERIFI- FIT BELOW SUSCEPT~
CATION SURFACE IBILITY
MBT 13 1710 YES Fair 284-318m 950m 0.0005~ 81°W Requires removal of regional
0.0006 gradient before a good fit can be obtained.
MBT 14 1880 NO - - - - - No flightline anomaly.
MBT 15 1880 YES Good 50-134m 525m 0.0011~ 83°E Could have regional gradient
0.000668 removed to make a better model fit.
MBT 16 1700 YES Fair- 117-350m 178~ 0.004 83°E 5008 anomaly with suspected
Good 1429m shallower bodies. Quite a broad anomaly.
MBT 17 2090 - - - - - - No flightline anomaly.
MBT 18 1040 YES Good 207-296m 3250m 0.002- 90° 7508 anomaly on flightline data.
0.006 Approximately 4kms wide with 2 separate peaks.

Discrete stand-alone anomaly.
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PEEBINGA 1

7028 RS 24 TS C53470

Depth 584.3 m

Rock name Calcite with pyrite mineralisation.

Hand Specimen

Large masses of fine-grained, grey carbonate have been disrupted

and intruded by dark, fine-grained material carrying pyrite.

Thin section

The calcite host 1is micritic and pure except for disseminated
pyrite without gangue. Major fractures have been penetrated by
solutions carrying pyrite and a gangue of colloidal silica,
chlorite and sericite. The mineralisation has also incorporated

dolomite from the host rock.

The pyrite consists of euhedral to sﬁbhedral grains, irregular
patches and what appear to be framboidal forms partly filled in
with additional sulphide. Marked pressure shadows infilled with
amorphous silica occur associated with the large pyrite grains
in the dark matrix suggesting pyrite mineralisation occurred

prior to deformation.
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PEEBINGA 1

7028 RS 25, TS C53471

Depth 589.5 m

Rock name Amygdaloidal metabasic

Hand specimen

The rock 1is fine-grained and a relatively uniform pale grey
apart from elongated and round patches in the order of 1lmm wide

of a dark grey colour and branching white veins.

Thin section

Irregular vesicles occur throughout the rock which consists
essentially of closely packed ©plagioclase laths with
interstitial opaque minerals. The plagioclase is extensively
sericitised and the opaques are strongly leucoxenised. Limonite

pseudomorphs may be replacements of ferromagnesian phenocrysts.

The dark patches in hand specimen are probably original
vesicles. The walls are often lined with quartz of colloidal
origin and filled with fine-grained and fibrous chlorite, often
in rosette form. The same chlorite is present in a few veins
and in spaces bétween what appear to be autobrecciated fragments

of possibly semi-lithified tuff.

Veins and patches of carbonate are widespread.
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PEEBINGA 1

7028 RS 26, TS C53472

Depth 592.4 m

Rock name Fine-grained homogeneous metabasic agglomerate

Hand specimen

Fine-grained, dark grey fragments up to 1.5 cm across are
contained in a lighter grey matrix penetrated by a complex
network of fine veinlets. Pyrite is abundant in a lenticular

patch 2.5 cm long.

The rock is an homogeneous agglomerate consisting of fragments
of very fine-grained rock which exhibit an interlocking lath
texture presumably after plagioclase but now altered to

amorphous silica? and sericite with abundant opaque grains.

Alteration 1is concentrated along many veinlets and produces
various types of 1lithological changes. A common form of
alteration is a conversion to optically amorphous material in
which no distinctive optical properties are displayed. This
occurs along a few relatively broad bands. Sericitisation takes
place throughdut the rock on a multiplicity of fine bands in a
complex network and often spreads out into surrounding rock. A
similar, and partly coincident, network carries a yellow-brown,
amorphous material which 1is probably leucoxene. In a few

veinlets the alteration is argillaceous as well as micaceous.

Pyrite grains occur in the matrix without gangue minerals.
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PEEBINGA 1

7028 RS 29, TS C53473

Depth 605.8 m

Rock name Partially devitrified ash.

Hand specimen

A pale grey, fine-grained rock contains light coloured veins and

light grey patches with pyrite.

Thin section

The matrix of the rock is almost featureless in plane polarised
light apart from the same leucoxenised opaques that were seen at
608.4m. With crossed polarisers a very fine-grained, weakly to
moderately birefringent mineral displays a strong preferred
orientation. This is probably incipient sericitisation of a
very fine-grained ash which did not devitrify to produce

feldspar laths before developing a micaceous alteration.

Carbonate occurs as small scattered patches throughout the rock,
as veinlets with pyrite and as large patches 2.5 cm across. The
large patches contain concentrations of euhedral pyrite, often
as rims around the margins. They may have originated as nodules
at the centres of deposition by diffusion or possibly as lapilli
of different rock from the host ash. No features of the

original lithology remain.
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PEEBINGA 1

7028 RS 31, TS C53474

Depth 608.4 m

Rock name Amygdaloidal metavolcanic rock.

Hand specimen

A light greenish grey, fine-grained rock is homogeneous except
for random shaped patches of carbonate and dark greenish grey

inclusions with a round to lenticular outline.

Thin section

The main rock represented is fine-grained and strongly altered.
It consists of a closely interlocked mesh of plagioclase laths
about 0.lmm long and now mainly replaced by carbonate and brown,
weakly translucent interstitial grains with a rectangular to

irregular outline probably after original opaque oxide minerals.

The intensity of carbonate replacement is patchy and at its most
intense consists of total replacement in large patches and

irregular veins.

Silica also occurs in irregular veins but more abundantly forms
circular, lenticular and irregular patches averaging about 2mm
across. These are probably filling vesicles in the original

volcanic rock, which was probably a glassy lava.
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PEEBINGA 1

7028 RS 32, TS C53475

Depth 610.9 m

Rock name Metabasic agglomerate

Hand specimen

A homogeneous accumulation of massive volcanic fragments up to
2.5 cm across is packed closely together with 1little or no
matrix. If matrix were originally present, it has now been

replaced by interstitial carbonate,

Thin section

Fragments in the agglomerate are strongly altered, however
lithologies appear to originate from a single metabasic source
rock. The metabasic lithology consists of an interlocking
texture of plagioclase laths 0.2 to 0.5mm in length with altered

pPhenocrysts, probably feldspar, up to 4mm across.

Dolomitic carbonate 1is abundant in this specimen and, in
addition to the interstitial occurrence noted in hand specimen,
forms large patches and veins within the framework fragments.

In some fragments sericite is the replacement product.

Some fragments contain opaque grains, now leucoxenised, but

pyrite crystals are rare and widely scattered.
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PEEBINGA 1

7028 RS 34, TS C53476

Depth 617.6 m

Rock name Lapilli tuff

Hand specimen

Lenticular fragments of metabasic volcanic rocks up to 2cm long
are contained in a pale grey matrix probably derived from
volcanic ash. Preferred orientation of the long axes of the
fragments is at about 30° to the core. Patches and corrugated
veins of pyrite possibly formed during diagenesis before the

rock was completely lithified.

Thin section

The lapilli are of porphyritic volcanic rocks with an
interlocking plagioclase feldspar texture and phenocrysts of
altered Dbiotite, zoned feldspar and occasional quartz
phenocrysts which may represent replaced feldspar phenocrysts.
The magma may have changed towards an intermediate to acid
composition which may account for an increase in explosive

product.

Sericitisation of the matrix ash is not as pronounced in this
specimen as in earlier tuffs but fine-grained sericite is
present in material of low birefringence, possibly glass. This
may be influenced by factors such as temperature rather than
composition of the ash. Much of the sericite is extremely fine-
grained and the process of sericitisation may be inéipient

rather than complete.

Amorphous brown material, probably leucoxene, is abundant.
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Pyrite is accompanied by colloidal silica and pale chlorite and
veins of the latter minerals are common. Carbonate is extremely

rare.
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PEEBINGA 1

7028 RS 35, TS C53477

Depth 621.05 m

Rock name Sericitic phyllite with pyrite

Hand specimen

Bands of black and various shades of grey are inclined at a high
angle to the short axis of the core sample. The bands are
subparallel but branching. The rock is fine-grained. Pyrite is

present as several large patches of loosely clustered grains.

Thin section

The colour variations are the product of varied concentration of
sericite in a shale. Branching black bands are of organic rich
shale. The fabric 1is probably sedimentary but disturbed.
Sericitisation produced a weakly consistent foliation. Pyrite
is associated with colloidal silica and carbonate forms veins
and patches sometimes associated with quartz. The pyrite occurs

as relatively coarse grained euhedral to subhedral crystals.
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PEEBINGA 1

7028 RS 36, TS C53478

Depth - 621.6 m

Rock name Phyllite and black shale with pyrite.

Hand specimen

A band of fine-grained grey rock occurs with irregular contacts
between two bands of black shale. No systematic fabric is
apparent in either rock type but fine, irregular veinlets of
white mineral and patches of pyrite are randomly distributed in

the specimen.

Thin section

The grey rock consists of a mass of fine-grained sericite with
a preferred orientation. The black rock is mainly opaque but
fine lenses of sericite are sparsely distributed through it.
The contact 1is partly a single irregular plane and partly
transitional with lenses of one 1lithology contained in the
other. It 1is probably a depositional contact between volcanic
ash and organic ooze, but was either subject to disturbance
during sedimentation and diagenesis and/or affected by later

shearing activity.

Random 1lenses and patches of quartz, carbonate, silica and

euhedral pyrite occur together and separately through the rock.
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PEEBINGA 1

7028 RS 37, TS C53479

Depth 627.9 m

Rock name Plagiobasalt

Hand specimen

A fine-grained, greenish grey rock exhibits green and white

veins but no other textures.

Thin section

The mineralogical composition of this flow is similar to that of
the sheared metabasic tuff. The assays differ because the
basalt is little altered and contains fewer veins. The basalt
is rich in plagioclase with interstitial chlorite and opaque

grains. The few veinlets contain chlorite quartz and carbonate.

Plagioclase phenocrysts are prismatic in shape and up to 5mm
long. Grain size is strongly bimodal as groundmass plagioclase
consists of closely packed laths about 0.5mm long. The laths
exhibit a preferred orientation which is strong in places but is
not totally consistent. It is typical of magma flow. Multiple
twinning is well enough developed in some grains to indicate a

composition in the andesine range.

Interstitial spaces are relatively sparse but opaque minerals

and chlorite occur between the plagioclase laths.

Chlorite, carbonate and quartz occur individually and together

in all combinations in relatively small veinlets.
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PEEBINGA 1

7028 RS 38, TS 534890

Depth 630.3 m

Rock name Plagio-metabasic

Hand specimen

The specimen is pale greenish grey with indistinct textures

except for several types of discordant veins.

Thin section

The rock consists of fragmented areas of relict interlocking
plagioclase, several alteration products and veins containing

carbonate, quartz, chlorite and leucoxene.

Plagioclase is fragmented, sericitised, locally replaced and
structurally imperfect. Optical properties are too indistinct
for compositional identification. Analysis indicates a high
calcium content (7.55% CaO) but this is influenced by the
dolomite content of the veins. Sodium is more abundant (3.42%
Na,0) than in the specimen from 635.6m but so is the total
plagioclase. It is probable that the plagioclase is more sodic
than at 635.6m but the data 1lack precision. Porphyritic
plagioclase crystals up to 2mm across and clusters up to 5mm
across indicate a source containing phenocrysts but the
groundmass feldspar is up to 0.5mm across, indicating residence

in a subvolcanic magma chamber before eruption.
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Chlorite with weak anomalous birefringence occurs interstitially
but is substantially less abundant than plagioclase. Patches of
penninitic chlorite may represent altered ferromagnesian
phenocrysts but are often linked to thin veinlets of penninite
and it 1is clear that chlorite 1is also a mobile replacement

" product.

Opaque grains and small patches of translucent leucoxene are
probably original to the magma but leucoxene is also mobile in
the system of veinlets and schlieren. The titania content is
2.74% TioO,.

Lath-shaped and lenticular particles of opaque to translucent
material up to 1Imm long occur randomly through the rock and are

often fractured along and across the length of the particles.
Grains and patches of replacement products occur throughout the
rock both interstitially and within the feldspar grains. They

include carbonate, chlorite, sericite and leucoxene.

Broad veins are filled with coarse-grained carbonate and quartz

both as individual grains and as mosaic patches.
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PEEBINGA 1

7028 RS 39, TS (53481

Depth 635.6 m

Rock name Olivine metabasalt

Hand specimen

The rock is fine-grained and dark grey with a greenish tint.
Many very fine veinlets of a pale greenish mineral cover the
specimen in random to subparallel orientation. Many veinlets
are corrugated. Porphyritic minerals are detectable only as

faint outlines.

Thin section

Phenocrysts are up to 3mm across. They appear diffuse in hand
specimen because they are fragmentary and strongly altered. It
is not always clear whether fragmentary crystals are broken
fragments of original individual phenocrysts or an open cluster
of crystals which were always of finer grain size. The
groundmass is mainly composed of plagioclase laths between about
0.lmm and 0.2mm long in a closely interlocked mesh without any
apparent preferred orientation. Opaque minerals, amorphous
material and fine-grained ferromagnesian minerals are also
present. Several types of veinlets may indicate separate

episodes of hydrothermal activity.

Many of the phenocrysts are identifiable as olivine, often as
fragments surrounded by antigoritic alteration products. Others
consist of fine-grained alteration products including platy

minerals which are probably talc, antigorite and penninite.
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These phenocrysts may originally have been pyroxenes. Some
phenocrysts have preserved a prismatic shape but now consist of

sericitic mica. There were almost certainly plagioclase.

Groundmass plagioclase is not well enough crystallised to be
identified from optical properties but the relative proportions
of lime and soda in the assay (9.3% Ca0O and 2.72% Na,0) give an

approximate indication of the composition of the plagioclase.

Ferromagnesian minerals in the groundmass are interstitial and
anhedral. They are probably original pyroxene but cannot be

identified optically.

Opaque grains are probably ilmenite and the amorphous material
is probably leucoxene derived from the opaques. Titania is

assayed as 2.42% TiO,.
Veinlets contain dolomite and silica, penninite, dolomite and

talc, penninite and leucoxene, penninite and dolomite, penninite

and siderite and dolomite alone.
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PEEBINGA 1

7028 RS 42, TS C53482

Depth 601.1 m

Rock name Metabasic agglomerate

Hand specimen

Several different shades of grey outline round and irregular
shapes. A complex system of branching veinlets appears in a
greenish grey and a simpler vein system appears in greyish

white.

Thin section

Extensive carbonate replacement obscures the exact relationship
between several lithologies but their close proximity suggests
a collection of heterogeneous volcanic rocks as fragments in a
breccia or agglomerate. Glassy, porphyritic and homogeneous
meshes of feldspar laths are textures represented. Incipient
sericitisation and carbonate replacement on a granular scale
emphasise textural differences and add a chaotic character to
the rock.

Carbonate also forms thick veins and patches which obscure the

boundaries of many fragments.
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PEEBINGA 1

1028 RS 43, TS C53483

Depth 629.85 m

Rock name Black shale and green tuff.

Hand specimen

The rock is medium grey with flame-like green textures
superimposed on over half the area of the section. A granular

texture is visible only in one corner of the specimen.

Thin section

The corner of the section where granularity is apparent bears a
similarity to the frégmented metabasic rock sampled O.Sm'deeper
in the hole. Fragmented feldspar is contained in a matrix of
chlorite with carbonate, sericite and leucoxene alteration. The
plagioclase is 1less abundant and the other constituents
proportionately more abundant than in the fragmented metabasic

sample.

The flame like textures are produced by bands and ribbons of
chlorite, carbonate and sericite through a matrix of weakly
translucent, amorphous brown material. This is interpreted as

the product of shearing of a metabasic volcanic tuff.
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KRINGIN 1

7028 RS 49, TS C53488

Depth 408.2 m

Rock Name Meta-sandstone

Hand Specimen

The rock is medium-grained, black and white with a marked
foliation. Despite its deep intersection it is friable and

presumably weathered.

Thin section

The rock consists almost entirely of oriented quartz and biotite
with fine-grained lithic grains and many cavities. Quartz forms
separate grains and clusters of a few grains. Many of the
single grains and most of the clusters are elongated, usually at
an angle of about 25° to the preferred orientation of the

biotite.

Biotite (~20%) occurs as well crystallised, subhedral flakes in
open bands with a very strong preferred orientation. This
produces a foliation but not planes of cleavage. The section is
cut perpendicular to the width of the flakes and shows a slight

undulation in the foliation.
The lithic component (~10%) is of indeterminate origin. Some

grains are sericitised and may be either argillaceous with

prograde alteration or feldspathic with retrograde alteration.

GO1755 B



WIRHA SOUTH 1

7027 RS 1, TS C53487

Depth 330.8 m

Rock name Granite

Hand specimen

The rock is relatively fine-grained for a granite. Grain
boundaries are not sharply delineated and black and white grains

appear to be contained in a diffuse grey groundmass.

Thin section

The granite is not porphyritic but a few quartz and potash
feldspar grains are appreciably coarser than the average while
some patches of quartz and feldspar are finer grained than
average. The diffuse grey mass of the hand specimen are
probably those seen in thin section as areas of

recrystallisation.

Quartz 1is clearly recrystallised. Much of it consists of
partially annealed mosaics in which strain is still apparent.
The unusually large grains appear to have grown at the expense

of surrounding minerals.

Textures at the margins of large crystals of potash feldspar
indicate that the feldspar has grown at the expense of adjacent
plagioclase but is in turn replaced by quartz. Some potash
feldspar grains are zoned structurally so that centre is
orthoclase and the margins are microcline. Microcline is the
potash feldspar in the recrystallised part of the rocks. Very
little alteration affects the potash feldspar.

G01755



Plagioclase grains are often zoned and tend to be more altered
than the potash feldspar. Both sericite and coarser grained

muscovite are present as alteration products.

Biotite is the original mica but that too has been subject to
recrystallisation. Some flakes are partially altered to
muscovite while others are replaced by chlorite. Both

alteration products are sometimes represented in the same grain.

Apatite and zircon are accessory minerals. Both produce

metamict haloes in biotite.
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TORI HILLS 1
6927 RS 11, TS C53518

Depth 254.25m

Rock _name Xenolith in granite

Hand specimen

No hand specimen.

Thin section

The section consists mainly of the xenolith seen in hand
specimen with a fringe of granite at one end. The 3mm brown

vein is also represented.

In the granite large crystals of quartz with undulose extinction
are similar to those of the other sections. Parts of the
crystals are separate from the main body in the plane of section
but are optically continuous. In potash feldspar series of
weakly oriented quartz inclusions in optical continuity simulate

graphic granite.

Potash feldspar is orthoclase with rare patches of microcline
and occurs as very irregular, interstitial grains. It is weakly
perthitic and unaltered except for the exsolution of fine

granules of limonite in a streaky pattern.

Plagioclase occurs as medium grains which are subhedral when
isolated and anhedral in clusters. It is often heavily altered
to epidote, carbonate, sericite and clay minerals. Traces of

zoning are often evident.
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Biotite occurs as both euhedral flakes of good crystal structure
and as fragmented, ragged, often skeletal flakes of poor
crystallinity and strong alteration. Chlorite is the most
common alteration product but carbonate, epidote and muscovite

also replace biotite.

Opaque minerals occur as irregular inclusions in biotite.

Apatite and zircon are accessories.

The absence of hornblende is noteworthy.

The xenolith consists fundamentally of a closely interlocked
mosaic of plagioclase prisms about 0.5mm long. Twinning is
poorly preserved but, from the evidence of a few grains, the
composition on the basis of extinction angles is oligoclase.
Most grains are cloudy with fine grain alteration and do not
display sharply defined optical properties, probably because of
poor crystal structure. Many crystals are zoned with a highly
altered core and margins of clear plagioclase. Irregular
fragments of epidote are another common replacement product.

Large epidote grains are interstitial.

Biotite is common, largely interstitial and strongly altered to
chlorite. A green biotite appears to be an intermediate product
in the alteration process. Some flakes are completely replaced

by chlorite. Epidote is a minor alteration product of biotite.

Quartz has invaded the xenolith as well as the granite.
Interstitial patches of quartz about 0.2mm across extinguish in
optical continuity over an area of 3mm in the section. At the
edge of xenolith the development of quartz appears to have
wedged off fine-grained plagioclase and biotite which are now

incorporated in the granite.
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The vein is a compound structure. A thin, discontinuous layer
of carbonate occurs at each margin but is not quantitatively
significant. The margins are also marked in places by thin
lines of opaque granules. A more continuous structure is a
veinlet about 0.2mm across with opaque margins but consisting of
coarse crystals of carbonate as the major filling. The latter
veinlet meanders within the main constituent of the vein which
is a closely interlocked mosaic of prismatic zeolites. The
optical properties of these vary from crystal to crystal within

the chabazite~gmelinite series.
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TORI HILLS 1

6927 RS 12, TS C53519

Depth 257.5 m

Rock name Granite

Hand specimen

No hand specimen

Thin section

The same minerals as in RS 13 are present in RS 12. The
proportion of hornblende is somewhat lower and that of potash

feldspar somewhat higher in RS 12.

TORI HILLS 1

6927 RS 10, TS C53517

Depth 254.5 m

Rock name Granite

Hand specimen

No hand specimen

Thin section

The same mineralogy is present in this specimen as in RS 12 and

13. The proportion of quartz is particularly high in RS 10.
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TORI HILLS 1

6927 RS 13, TS C53520

Depth 260.5 m

Rock name Xenolithic granodorite.

Hand specimen

White, black and grey crystals are sharply defined. Most grains
are about 2 mm across but patches of fine-grained minerals are
frequent. A fine-grained, dark grey xenolith occupies 5 cm of
the specimen but only part of it is present. A straight brown

vein about 3 mm wide cuts the sample.

Thin section

A large xenolith is included in the granite at 254.25m but is
not represented in this particular thin section. A considerable
quantity of fine-grained material is present, including
hornblende. The overall composition of rock in the section is
granodiorite with abundant, strongly zoned plagioclase and
little potash feldspar.

Quartz occurs as large patches in optical continuity but often
discontinuous in the plane of section. The quartz is presumably
continuous below or above the plane of section. It exhibits
strain polarisation and, from extreme embayment of adjacent
minerals, has been emplaced largely by corrosion and replacement
after most of the rock had crystallised. Individual grains in
the plane of section measure up to Smm and dispersed grains in
optical continuity extend over 1.5cm. Interaction between quartz
and potash feldspar has produced an intergrowth of quartz

inclusions in feldspar host which resembles graphic granite.
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This may be the result of simultaneous crystallisation at the
eutectic point but is not completely regular. It appears more
likely that a similar intergrowth can be produced by the

replacement of feldspar by quartz.

Potash feldspar occurs as small, very irregular, interstitial

patches. Both orthoclase and microcline are present.

Plagioclase crystals tend to be euhedral, strongly zoned and
partly sericitised. Replacement by quartz diminishes the good
shape of crystals. A zone of reaction of the contact with
potash feldspar indicates a lack of equilibrium and a minor

amount of replacement.

Biotite is the most abundant dark mineral. It consists of
subhedral to anhedral flakes, most of which are clustered
together with hornblende. Biotite is often altered in part to
chlorite and contains large, irregular inclusions of opaque

material. Some biotite flakes are poorly crystalline.

Hornblende also occurs as strongly altered grains of poor
crystal structure in clusters with biotite. In some grains it
appears that biotite is an alteration product of hornblénde,
suggesting that the hornblende was derived from the xenolith and
that biotite was produced by reaction with the granitic magma.
This probably does not apply to all biotite, some of which was
almost certainly crystallised directly from the granitic magma.
Both hornblende and biotite were subsequently altered to
chlorite muscovite, epidote and carbonate. A rare mineral in
the clusters of dark minerals which is probably an alteration

product is aragonite.

Apatite and zircon are accessory minerals occurring mainly in

the ferromagnesian clusters.
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PEAKE 1

6827 RS 127, TS C53484

Depth 174.55 m

Rock name Metadolerite

Hand specimen

The rock 1is medium grey, fine-grained with black and white
minerals. It is cut by a brown vein and several short white

veinlets.

Thin section

The rock is essentially the same as that intersected at 180.75m.
Altered and corroded plagioclase prisms and anhedral pyroxene
with leucoxenised ilmenite make up the original constituents.
Alteration products such as chlorite, epidote and carbonate
occur interstitially and as inclusions in earlier minerals.
Quartz 1is common as an interstitial phase and is probably

introduced, possibly at the time of alteration.

Meandering carbonate and chlorite veins cut the section.
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PEAKE 1

6827 RS 128, TS C53485

Depth 180.75 m

Rock name Metadolerite

Hand specimen

The rock is medium grey and clearly granular in black and white.
Pinkish-brown grains are visible in the walls of a small

fracture.

Thin section

The rock is coarser grained, more strongly altered and richer in
ferromagnesian minerals than the specimen from 186.6m. It
consists of plagioclase, relict pyroxene, leucoxenised opaque
minerals and abundant epidote and chlorite replacement with

quartz as a late stage introduction.

Decussate prisms of plagioclase are too strongly altered and too
poorly twinned to determine composition. The abundance of
epidote suggests that the present calcium content of the
plagioclase may be considerably lower than it was at the time of
crystallisation. Many plagioclase exhibit a very irreqular

extinction which indicates a very imperfect crystal structure.

Very few pyroxene grains show no signs of alteration. Both
chlorite and epidote replace large parts of many grains. Enough
remains to indicate a brownish monoclinic pyroxene of augite
type. Crystal form varies between subhedral prisms to

completely anhedral grains.
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Brownish, weakly translucent, amorphous grains are probably

leucoxenised ilmenite.

Epidote occurs as irregular grains enclosed in both feldspar and
pyroxene. It also fills a vein which cuts one corner of the

section.

Frequent tufted, fibrous interstitial patches of a penninitic
chlorite with anomalous birefringence are either replacing both
plagioclase and augite in place or are possibly the results of
corrosion and precipitation of all minerals by hydrothermal
solution. This type of chlorite is often accompanied by quartz
which makes the latter process the more probable. A less
optically anomalous chlorite is sometimes a clear alteration

product of pyroxene.

A few clusters of pyrite grains are accompanied by a quartz

gangue.

Thin brown veins contain very fine grained brown carbonate.
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6827 RS 129, TS C53486

Depth 186.6 m
Rock name Albitite

Hand specimen

The rock is a uniform light grey colour with yellow reflections
from disseminated pyrite grains. Occasional white crystals are

distinguishable but without much precision.

Thin section

Plagioclase phenocrysts about 1lmm long are sparsely distributed
in a groundmass of plagioclase laths about 0.lmm long. Quartz
grains are up to lmm across. Pyrite forms irregular clusters of
grains up to 1.5mm across. Epidote and chlorite are alteration
products. The assay is distinguished by high soda (6.3% Na,0)
and silica (72.8% SioQ,).

Groundmass plagioclase forms a closely interlocking mosaic and
is by far the most abundant mineral present. Few grains are
well twinned but from available evidence the composition is in
the albite range. Optical sign is positive which confirms

identification.

Plagioclase phenocrysts are either untwinned or display only

simple Carlsbad twins.
Quartz occurs both as subhedral phenocrysts and as anhedral

constituents of the ground mass. Phenocrysts appear to be

original since groundmass laths are oriented around them.
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Groundmass quartz appears at least in part to be introduced,
possibly with the pyrite since it is more abundant in the
vicinity of sulphide clusters. "Some gquartz may have been

introduced as colloidal silica.

Pyrite clusters are associated with small, irregular masses of

carbonate as well as with quartz grains.

Many small, irregular, ragged interstitial patches of chlorite
are disseminated throughout the rock and are probably the only
indications of an original minor content of ferromagnesian
components, possibly the result of alteration of an interstitial

glass between the feldspar laths.

Small, ragged, irregular interstitial grains of epidote may also
mark replacement of former dark minerals but may alternatively
be evidence of calcium rejection by plagioclase equilibrating at

lower temperatures to more sodic species.
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CARINGA 1

6827 RS 111, TS C52821

Depth 218.42 m

Rock name Epidotised amphibolite

Hand specimen

The rock is medium grey with a closely interlocked but poorly
defined structure. Individual grains are patchy without sharp

boundaries.

Thin section

Approximate mode by wvisual estimation

Epidote 30% Plagioclase 10%
Amphibole 20% Opaques 5%
Chlorite 15% Sphene 5%
Quartz 15% Limonite trace
Leucoxene trace

Epidote is widespread as formless patches of fragmented grains.
From textural evidence epidote has replaced amphibole-chlorite
aggregates as much as plagioclase. Epidote is more abundant in

this sample than in all others examined.

Amphibole occurs as tabular grains and acicular grains in
bundles and individual needles. Chlorite is less abundant than
in the other specimens examined. Distribution of amphibole -
chlorite clusters in bands and the preferred orientation of many

acicular grains impart a directional fabric to the rock.
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Quartz occurs as individual grains and mosaic patches in bands
parallel to the  amphibole-chlorite bands. Much
recrystallisation has taken place and it is not certain whether
substantial amounts of quartz have been introduced. Frequent

zones of recrystallisation may contain quartz.
Plagioclase occurs in the same bands as quartz. It has been
extensively recrystallised. Much of the finely recrystallised

zones appear to consist of more plagioclase than quartz.

Opaque minerals occur in irregular patches of fine grains.

These are surrounded by zones of finely granulated sphene.

Sphene also occurs as coarse grains independent of opaque

material.

Some of the opaque grains have been altered to limonite. Some

of the sphene has been replaced by leucoxene.
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CARINGA 1

6827 RS 112, TS C52822

Depth 242 .52 m

Rock name Zeolite vein at contact between medium and fine-

grained amphibolite.

Hand specimen

A white vein 2.5cm across cuts the core at 45° to its length. a
fine-grained green rock occurs on one side of the vein, a dark
grey, medium-grained rock occurs on the other. Patches of
pyrite up to lcm across are present in the vein itself and in
both walls.

Thin section

Approximate mode of grey amphibolite by wvisual inspection

Amphibole 35% Sphene trace
Chlorite 25% Epidote trace
Plagioclase 20% Carbonate trace
Quartz 10%
Opaques 10%

Amphibole and chlorite are much hore abundant than plagioclase
and quartz in the grey, medium-grained amphibolite. The fine-

grained amphibolite is not included in the thin section.

Tabular amphibole grains are up to 1.5mm across and make up the
major part of the amphibolitic fraction. This is a possible
indication of the extent of amphibolitisation since the textural

evidence suggests that prismatic amphibole has coalesced to form
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tabular amphibole rather than that the tabular amphibole has

degenerated into prismatic amphibole.

Chlorite often surrounds separate amphibole grains to make a

massive patch of ferromagnesian mineral.

Plagioclase and quartz are partly obscured by the growth of
acicular amphibole. No multiple twining is evident in the

feldspar.

Opaque minerals consist of large, irregular and fragmented
patches, probably of pyrite, and of graphite flakes in the

zeolite vein.

Zeolites are the most abundant type of mineral in the vein and
include several different species based on optical properties.
Quartz, plagioclase and possibly alkali feldspar are also

present.
Sphene occurs as a few coarse grains in the margin of the vein.

Frequently epidote is distributed throughout the amphibolite.

A few thin veinlets contain carbonate.
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6827 RS 113, TS C52823

Depth 250.01 m

Rock name Amphibolite with feldspathic inclusion.

Hand specimen

A dark grey, medium-grained amphibolite is cut by a band of
fine-grained, strongly foliated amphibolite (foliation at 60° to
the length of the core). One end of the specimen consists of
coarse- grained, white crystals with dark, interstitial material

and limonite staining.

Thin sectién

Approximate mode of amphibolite by visual estimation

Amphibole 30% Opaques 10%
Plagioclase 30% Quartz 5%

Chlorite 25% Epidote trace

Most of the amphibole is anhedral but a few grains are
subhedral. Coarse, tabular grains are frequently marked at the
margins by clusters of acicular amphibole. Clusters of
prismatic to acicular amphibole are random to radiating or form
bands, both straight kand curved. The inclusion of coarse-
grained felsic minerals is invaded at the margins and along
grain boundaries by needles of amphibole, many of which are

curved.

Plagioclase in the main amphibolite is interstitial but is also
invaded by acicular and prismatic amphibole. It is poorly

twinned to untwinned and the composition is obscure.
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Chlorite forms masses of anhedral grains and patches of

alteration surrounding amphibole grains.

Opaque minerals occur as irregular and fragmented patches. One

flake of graphite is present.
Quartz is interstitial and forms irregular grains and mosaics.
A few fragmentary patches of epidote are present.

The strongly oriented band which cuts the section consists
largely of acicular amphibole with occasional knots of tabular
amphibole, quartz and plagioclase. A thin vein of zeolites with
low birefringence contains radiating clusters of acicular
zeolite. It is subparallel to and at the margin of the oriented

band which is probably a shear zone.

The coarse-grained cluster of plagioclase with minor quartz is
probably a xenolithic fragment incorporated in the amphibolite.
It contains one mass of chloritised and limonitic amphibole
which may have been an original mafic mineral. A few grains of
limonitic oxide were probably original ilmenite or magnetite but
a widespread limonite staining was probably a late stage

process, as is fine carbonate veining.
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CARINGA 1

6827 RS 114, TS C52824, 278.3m

Depth 278.3 m

Rock name Amphibolite

Hand specimen

The rock is greenish grey, compact and medium to fine-grained

with occasional white and green phenocrysts.

Thin section

Approximate mode from visual estimation

Plagioclase 25% Epidote 5%
Chlorite 25% Opaques 5%
Amphibole 20% Sphene trace
Quartz 20%

Much of the colourless interstitial material is without twinning
but with slight cloudy alteration. Minerals with multiple twins
are almost certainly, and cloudy minerals probably, plagioclase
but no composition can be determined. Tabular grains are up to

3mm long.

Chlorite is present as partial alteration of amphibole grains
but also occurs in separate grains which may be original. Most
of the chlorite is a weakly anisotropic type but a few flakes

exhibit an anomalous birefringence.
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Amphibole is both tabular and acicular. Tabular grains are up
to 2mm long with a tendency towards preferred orientation.
Clusters of tabular amphibole are up to 6mm across. Most grains
are anhedral and strongly to. weakly altered. More abundant
amphibole is acicular and occﬁrs as fringes to tabular grains
and as clusters and bands of grains with a strong preferred
orientation. ' Both types of amphibole are pleothoic from blue

green through olive green to pale yellow brown.

Quartz occurs as patches of recrystallised mosaic elongated
along the direction of preferred orientation. Bands of
recrystallisation are also preferentially oriented. Some of the

recrystallised material may be feldspathic.
Epidote occurs as fragmentary patches and clusters of prismatic
grains included in, and probably alteration products of,

plagioclase.

Opaque grains form irregular patches, probably of ilmenite since

they are often surrounded by haloes of sphene.
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6827 RS 115, TS C52815

Depth 294.05 m

Rock name Contact between amphibolite and granodiorite

Hand specimen

The contact between a dark green, fine-grained amphibolite and

a granodiorite is almost parallel to the length of the core.

Thin section

Approximate modes by visual estimation

Amphibolite Granodiorite
Amphibole 80% Plagioclase 715%
Opaques 10% Quartz 15%
Plagioclase 5% K-feldspar and
Quartz 5% granophyre 5%
Chlorite trace Opaques 2%
Epidote trace Amphibole 1%
Biotite trace biotite 1%
Chlorite 1%
Sphene-
leucoxene trace
Epidote trace

Only a small sliver of amphibolite is included in the section.
Amphibole'is‘by far the dominant mineral and occurs as oriented
fine grains. Plagioclase and quartz occur interstitially. Very
fine, opaque grains are abundant. Chlorite, biotite and epidote

are rare.
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The granodiorite consists mainly of albitic plagioclase with
grains up to lmm across in the main part of the section and up
to 3mm in the coarse grained inclusion. The margin of the

inclusion is marked by a gradational change in grain size.

Some of the quartz may have been introduced since it exhibits a
replacement relationship towards the plagioclase. Other quartz
is intergrown with alkali feldspar. The latter is a single

phaée and appears to be anorthoclase rather than microcline.

Disseminated grains and patches of opaque minerals are probably
ilmenite. Pyrite occurs in thin veinlets, often with a chlorite

gangue.
Clusters of fine prisms of amphibole are more abundant near the
amphibolite contact. Biotite and chlorite are more common away

from the contact.

Patches of sphene and leucoxene are sparsely distributed.

Epidote occurs rarely associated with opaque minerals.
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6827 RS 116 TS C52825

Depth 295.52 m

Rock name Porphyritic granite

Hand specimen

Pink and white phenocrysts are enclosed in a dark grey matrix or

groundmass.

Thin section

Approximate mode by visual estimation

Albite 60% Leucoxene 2%
Quartz 17% ; Amphibole 2%
K-feldspar and Chlorite 1%
granophyre 10% Zircon trace
Biotite 5% Epidote trace
Opaques 3%

Grainsize distribution of the albite is bimodal. Euhedral to

subhedral phenocrysts are up to 8mm long in the thin section
while in the matrix or groundmass the average grain size is
almost O0.5mm. Some phenocrysts have been fragmented and the
fragments are between the two grainsize populations.
Recrystallisation is widespread and some has occurred along

discordant planes cutting the whole area section.

Quartz forms recrystallised mosaics and also occurs as complex

intergrowths with alkali feldspar.
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Biotite 1is widespread but not abundant as clusters of fine

flakes. It is mainly interstitial but also occurs in discordant

fractures.

Opaque grains and patches are iron oxides rather than sulphides

and are often accompanied by leucoxene alteration.

Fine prisms of amphibole are mainly associated with clusters of
biotite flakes.

Epidote occurs as inclusions in plagioclase crystals, probably

alteration products.

Zircon is extremely rare.
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CARINGA 1

6827 RS 117 TS C52826

Depth 295.87 m

Rock name Granodiorite

Hand specimen

Medium-grained, dark grey rock with white crystals about 1mm

across. Abundant pyrite.

Thin section

Approximate mode by wvisual estimation

Plagioclase 65% Amphibole 3%

K-feldspar 10% Chlorite trace
Quartz 10% Sphene trace
Biotite 7% Limonite trace
Opaques 5% Epidote trace

Albitic plagioclase forms a closely interlocked mosaic of
anhedral grains up to 2mm across, exhibiting fracture and
recrystallisation. A discordant band of recrystallisation
suggests that some at least is related to shearing. A slight
tendency for elongated plagioclase crystals to form radiating
aggregates 1is possible evidence for a magmatic rather than

volcaniclastic origin.

Potash feldspar is mainly anorthoclase.

Quartz consists mainly of scattered patches of recrystallised

mosaic.
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Interstitial clusters of fine flakes of biotite are widespread.
Much of the mica is weakly pleochroic and probably poorly

crystalline.

Less abundant clusters of fine-grained acicular amphibole are

similarly distributed.

Chlorite is present as an alteration product of biotite and as

a primary constituent.

Opaque minerals include fine grains of ilmenite and larger,
irregular patches of pyrite. Some iron oxide is limonitic.
Clusters of ilmenite grains are sometimes surrounded by

structureless leucoxene.

Epidote and sphene are very rare.
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CARINGA 1

6827 RS 118 TS 52816

Depth 298.8 m
Rock name Contact between amphibole schist and granite.

Hand specimen

Two lithologies are in contact along a steeply dipping, slightly

undulose plane about 30° from the axis of the core.

One lithology is fine-grained, dark green and weakly foliated.
On the slabbed surface the fabric is seen as green, brown and
grey bands parallel to the contact. Thin, discontinuous bands

of sulphide are similarly oriented.
The second lithology consists of white and grey grains about 2mm
across 1in a dark, fine-grained matrix containing abundant

sulphide.

Thin section

Approximate modes by visual estimation

Fine-grained schist Coarse-grained granite
Amphibole 40% Quartz 45%
Quartz 30% Albite 35%
Opaques 15% Biotite 15%
Chlorite 10% Opaques 5%
Sphene 5% Chlorite trace
Carbonate trace Amphibole trace
Plagioclase trace Epidote trace
Zircon trace Zircon trace
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The fine-grained lithology consists largely of flakes of biotite
with a strong preferred orientation. Flakes are mainly
subhedral with a strong brown to green pleochroism and moderate
birefringence. In many flakes the pleochroism and birefringence
are weak to absent and the mineral is bright green rather than
olive green. This is interpreted as partial to total alteration

towards a chlorite of amesite type.

A second type of chlorite with anomalous birefringence is
present in trace amounts associated with sulphide bands. This

is penninite.

Quartz occurs as fine, anhedral grains throughout the fine-
grained 1lithology. The laminated fabric is the result of
variations in the relative proportions of biotite and quartz.

Neither mineral occurs entirely without the other.

Two types of opaque minerals are present. Fine grains of a non-
magnetic oxide are ubiquitous and are probably ilmenite.
Massive lenses of opaque sulphide, probably pyrite, occur in
bands parallel to subparallel to the foliation, as can be seen

in hand specimen.

Sphene is widely distributed in fine, anhedral grains and tends

to be assocliated with biotite.

Massive carbonate, probably dolomite, 1is associated with

sulphide in bands.

Plagioclase occurs as rare, scattered grains.

Zircon is present but extremely rare.
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Within the fine-grained schistose unit, the quartz-rich horizons
preserve a foliation oblique to the principal intense foliation
within the biotite-rich zones. The general appearance of the
schist is of a crenulated schist or mylonite, with an oblique
and folded foliation (S-plane) preserved between an intense
foliation which may be either a crenulation schistosity or C-

plane microshears.

Quartz and plagioclase are the major constituents of the coarse-
grained lithology. Both occur as coarse grains but quartz is
strongly recrystallised. Patches of fine-grained quartz are the

product of several episodes of dynamic recrystallisation.

Plagioclase grains tend to be better shaped than quartz but are
also affected by patches of recrystallisation. Symmetrical
extinction angles of 17° and a positive optical sign indicate an

almost pure albite.

The matrix, interstitial to coarse grains of quartz and
plagioclase, consists partly of finely recrystallised mosaics of
felsic material but also includes fine flakes of biotite. This
biotite is distinct from the green type of mica seen in the
fine-grained lithology. It is well crystallised and pleochroic

from pale to dark brown.

Two types of opaque material are present. Euhedral grains and
irregular patches of pyrite are mainly associated with clusters
of biotite flakes in the matrix. The second type consists of
large sometimes bent or split, opaque flakes which are almost
certainly graphite since this is frequent in the core. The
flakes are concentrated at the contact between the two

lithologies and are oriented parallel to subparallel to it.
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Scattered fine flakes of chlorite and prisms of hornblende
appear to be rare alteration products of biotite and tend to be
randomly oriented.

Zircon grains are very rare.

Fine grains of epidote are occasional alteration products of

plagioclase.
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CARINGA 1

6827 RS 119 TS C52827

Depth 297.58 m

Rock name Adamellite

Hand specimen

Clusters and separate grains of pink and white feldspar up to
4dmm across and neutral grey quartz up to 2mm across are
contained in a fine-grained grey matrix. Many of the feldspars
are visibly fractured and fragmented. Pyrite is a minor

constituent,

Thin section

Approximate mode by wvisual estimation

Plagioclase 35% Sphene-

K-feldspar and leucoxene 5%
granophyric Epidote trace
intergrowth 25% Chlorite trace
Quartz 25% Zircon trace
Hornblende 5% Zeolites trace
Cpaques 5%

Plagioclase crystals are large and may initially have been
euhedral. Fracturing and recrystallisation is common. From

optical properties the plagioclase is oligoclase.

Potash feldspar is present in several forms. Pure microcline is
the simplest form and may be the product of recrystallisation.
The original form may have been anorthoclase as a single phase.

This has unmixed to an antiperthite in frequent instances
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although in some grains the single phase persists. A late stage
in the history of the original magma was possibly the
crystallisation of a granophyric intergrowth of potash feldspar
and quartz. Many rather irregular examples of such intergrowths
are present and may be the product of relatively rapid chilling
of the last magmatic fractions. Present textures are somewhat

blurred by recrystallisation.

Recrystallisation has involved the mobility of some
constituents. Opaque grains of euhedral shaped indicating
ilmenite have been concentrated in pods of recrystallised
quartz. Other grains are scattered sparsely through the matrix.
Sparse sulphide occurs in association with quartz in irregular

patches and thin veins.

Patches of sphene and leucoxene are widespread. These are often
associated with opaque grains and sometimes with clusters of
acicular hornblende. The patches are interstitial to quartz and
feldspar but the evidence is not clear as to whether they are

part of the original matrix or introduced material.

The third minor component is a pale green, pleochroic hornblende
which forms fine, euhedral crystals in radial clusters, random
masses and individual grains. It is partly interstitial and
often associated with ilmenite, sphene and leucoxene. It 1is
thus possibly part of the origihal matrix. It is also present
in discordant veinlets and as a replacement of plagioclase at
grain margins. It is thus also a mobile phase and a known

replacement product.
Epidote is present as fine alteration products of plagioclase.

Chlorite occurs as an alteration product of hornblende, as a

gangue mineral with pyrite and as a filling of discordant veins.
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Zircon is a rare accessory mineral.

A few grains of isotropic to weakly anisotropic minerals are
probably zeolites.

The granitoid has undergone minor dynamic recrystallisation
during shearing, with the development of both minor rims of new
grains around slightly-strained original grains, and narrow
discordant shear zones containing fine, dynamically

recrystallised quartz, feldspar and biotite.
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CARINGA 1

6827 RS 120 TS C52828

Depth 306.8 m

Rock name Albite amphibolite

Hand specimen

The rock is composed essentially of a close intergrowth of green
and grey grains about 1lmm across. A preferred orientation is

detectable and appears to be parallel to the length of the core.

Thin section

Approximate mode by visual estimation

Albite 35% Chlorite 5%

Tabular Epidote trace
amphibole 25% Leucoxene trace
Acicular Sphene trace

amphibole 20%
Opaques 10%
Quartz 5%

Albite is identified by low birefringence and a large positive
optic axial angle. The absence of twinning precludes a more
precise estimate of composition. The albite is anhedral with a
tendency towards elongation parallel to the length of the core.
It is interstitial to tabular amphibole and is the host for many
radiating and oriented acicular <crystals of the second
amphibole. Apart from these acicular inclusions the albite
contains scattered patches of 1leucoxene surrounding fine
granules of opaque mineral. Fine grains of epidote are

occasionally included in albite.
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Tabular amphibole consists of hornblende with strong pleochroism
from blue green to pale green to pale yellow brown. It is
usually anhedral to subhedral but occasionally exhibits euhedral
faces. The margins of most grains are ragged and often pass
outwards into acicular amphibole. Grains of hornblende usually
enclose patches, grains and fine granules of opaque minerals and
occasionally inclusions of sphene. Some tabular hornblende is

altered in patches to chlorite.

The acicular amphibole is actinolitic but composition is
transitional to that of hornblende. Prismatic outgrowths from
the tabular hornblende exhibit almost the same pleochroism as
the coarser grains but the finely acicular amphibole is
pleochroic in pale shades of green. Thinly prismatic amphibole
is often oriented in directions close to the axis of the core
but the finely acicular crystals are randomly oriented or in
radiating aggregates with no apparent relationship to either a

directional fabric or to a specific nucleus.

Opaque minerals vary from fine grains to patches with a flaky
structure. Granular material is often surrounded by leucoxene
and rarely associated with fine grains of sphene. The opaque
mineral is probably ilmenite. Flaky material is abundant and
often strictly oriented in the same direction as the feldspar
and amphibole. It is probably graphite which 1is frequently

visible on shear planes in this part of the core.

Quartz occurs as isolated grains in the feldspathic parts of the
rock and as fine—grained mosaics along narrow shears parallel to

the fabric outlined by acicular amphibole.

Chlorite is mainly of penninite type and occurs as an alteration

product of hornblende.
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Epidote is a rare alteration product of plagioclase.

Leucoxene and sphene are associated with ilmenite and amphibole

respectively.
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CARINGA 1

6827 RS 121, TS C52817

Depth 294 .45 m

Rock name Contact ©between fine-grained amphibolite and

granodiorite.

Hand specimen

The contact between a very fine-grained, dark green rock and a
coarse to medium-grained light grey rock trends at 30° to the
length of the core. Phenocrysts up to 5mm across are localised
in a patch 3cm across within the light grey rock. Pyrite is
abundant and occurs in a vein 2mm across with quartz, in a
series of thin veinlets at and near the contact and disseminated
throughout the grey rock with relative concentration in the most

coarse-grained patch.

Thin section

Approximate mode by visual estimation

Amphibolite Granodiorite
Amphibole 65% Plagioclase 50%
Plagioclase 25% Quartz 25%
Opaques 10% Biotite 10%
Chlorite trace K feldspar and
Biotite trace granophyric
intergrowth 10%
Amphibole 2%
Opaques 1%
Chlorite 1%
Sphene 1%
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The fine-grained green amphibolite consists dominantly of
prismatic amphibole crystals about O.lmm long and strictly
oriented. They are pleochroic from green to pale brown. A few
tabular amphibole crystals up to 0.3mm long are randomly

oriented.

The rock 1is finely banded with interstitial plagioclase
producing lighter coloured bands. Scattered plagioclase

phenocrysts are up to 0.5mm long and are not strictly oriented.

Abundant very fine grains of opaque mineral are probably

ilmenite. A few flakes of chlorite and biotite are present.

The amphibolite grades from a fine-grained, weakly-foliated
amphibolite with randomly-oriented fine-grained feldspar laths,
into an intensely-foliated, sheared amphibole schist at the
contact with the granodiorite. The foliation is kinked in
several localities, and a weak grain-shape fabric oblique to the

contact is visible.

The granodiorite consists of medium to coarse-grained tabular
plagioclase intergranular with granophyric quartz-feldspar
intergrowths, medium-grained, strained quartz and minor fine-
grained biotite and opaques. Small patches of recrystallisation

of quartz and feldspar are evident.

Biotite and amphibole with chloritic alteration form
interstitial clusters of fine grains which often include sphene.
Potash feldspar occurs above or with a granophyric intergrowth
of quartz. Opaques consist of fine grains of ilmenite and as
large, irregular patches of pyrite with chlorite as a gangue

mineral.
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CARINGA 1

6827 RS 122 TS 52818

Depth 295.87 m
Rock name Contact between granite and amphibolite

Hand specimen

The specimen contains a contact between a dark green-grey, fine-
grained lithology and a medium~-grained grey and white lithology.
Sheared faces in the core are coated with graphite flakes. The

grey lithology contains abundant sulphide.

Thin section

Approximate modes by visual estimation

Amphibolite Granite
Amphibole 65% Plagioclase 50%
Quartz 20% K-feldspar 20%
Sphene 10% Amphibole 15%
Chlorite 3% Quartz 5%
Opaques 2% Opaques 5%
Epidote trace Leucoxene 3%
Plagioclase trace Sphene 1%
Epidote 1%
Biotite trace

The fine-grained, dark lithology consists dominantly of fine
prisms of amphibole with a very strong preferred orientation.
The amphibole is pleochroic from pale brown to green and is

probably hornblende.
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Quartz occurs interstitially to the hornblende and in sheets

parallel to the fabric.

Discontinuous sheets of massive sphene are also aligned with the
fabric. The sphene is pale brown with a small, positive 2V of
about 30°.

Sheets of chlorite are similar to and associated with those of
sphene. The <chlorite 1is a ©penninite with anomalous
birefringence. At and near the contact with the coarse grained
lithology amphibole, sphene and penninite are both coarser
grained and more abundant, possibly indicating growth through

higher temperature.

Opaque material occurs as scattered fine grains through the rock
and as masses within quartz sheets. These types are probably

ilmenite and pyrite respectively.

The coarse-grained lithology is dominantly feldspathic, with
plagioclase more abundant than potash feldspar. The plagioclase
is albitic with grains varying from subhedral to anhedral and
frequéntly bent, fractured and fragmented. Recrystallisation

along grain margins is common.

Potash feldspar appears to be anorthoclase antiperthite.

At the contact with the fine-grained rock individual grains and
large masses of oriented amphibole have been disrupted and
incorporated into the coarse-grained lithology.

Quartz tends to be concentrated locally and may also have been

introduced in veins and patches late in the history of the

granite. It is possible that some quartz is original.
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Opaque minerals include fine grains of ilmenite and large,

irregular patches of pyrite.

Leucoxene, sphene and epidote occur in patches of cloudy

alteration which are widely distributed.
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CARINGA 1

6827 RS 123, TS C52819

Depth 286.5 m

Rock name Amphibolite

Hand specimen

A compact, fine-grained grey rock is foliated on a plane about
45° to the length of the cofe. A thin vein cuts the plane of
foliation with an orientation about 20° to the core length. The
vein contains pyrite and fine grains of sulphide are

disseminated throughout the rock.

Thin section

Approximate mode from visual estimation

Amphibole 40% Plagioclase 10%
Quartz 25% Opaques 5%
Chlorite 20%

Amphibole ocdﬁrs as fine-grained, preferentially oriented,
acicular prisms. Together with parallel chlorite flakes this
produces a foliation which anastomoses ardund knots formed by
mosaic quartz to form a knotted schist. Much of the chlorite is

penninite.

Fine grained quartz occurs within and between bands of amphibole
and chlorite. Coarser grained mosaic patches of quartz form

some of the knots in the schist.

Plagioclase also forms bands of elongated grains within and

between bands of amphibole and chlorite. Coarse grained
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plagioclase, sometimes euhedral in shape, forms knots similar to

those of mosaic quartz.

Fine grained opaque minerals are widespread but rarely euhedral.
Massive pyrite occurs in a thin vein with a gangue of quartz,
chlorite and carbonate. A few elongated opaque grains may be
graphite. |
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6827 RS 124, TS C52829,

Depth 286.9m

Rock name Amphibolite

Hand specimen

A dark green, fine grained rock contains relic phenocrysts of
white crystals up to 2mm long and darker, rounded inclusions up

to Smm across.

Thin section

Approximate mode by visual estimation

Amphibole 40% Opaques 10%
Plagioclase 30% Quartz trace
Chlorite 20%

Amphibole crystals include tabular and prismatic forms. Both

are pleiochroic from blue green through olive green to pale
yellow brown. Tabular crystals are weakly porphyritic, up to
0.5mm across compared with about 0.Z2mm in the groundmass.
Megacrystic amphibole is often corroded and chloritisation of
both types 1is widespread. No systematic compositional
difference 1is evident between groundmass amphibole and

megacrysts.

Plagioclase is mainly interstitial but a few crystals are
megacrystic and up to lmm long. In the rounder inclusions
individual crystals of feldspaf are up to 2mm across. These
inclusions are composed of segregations of early minerals and
therefore are not amygdales. Most of the plagioclase 1is
untwinned and where twinning is present it is not sharp enough

in definition to be used to estimate composition.
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Two kinds of chlorite are present. The most common is an
alteration product of amphibole and a rarer type appears to be

associated with opaque minerals.

Opaque minerals occur as disseminated fine grains and as coarser
grained patches. It is not apparent whether more than one

composition is involved.
A little quartz is present as a replacement product of corroded
amphibole phenocrysts and in association with patches of opaque

minerals.

The absence of preferred orientation suggests that the rock may

be a post-Delamerian intrusive.
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CARINGA 1

6827 RS 125, TS C 52830

Depth 197.9 m

Rock name Amphibolite

Hand specimen

The rock is medium-grained and dark green. Elongated dark green
and light grey grains produce a fabric oriented close to the
long axis of the core,. A thin vein at 45° to the core axis

contains yellow minerals.

Thin section

Approximate mode by visual estimation

Plagioclase 25% Epidote 10%
Amphibole 25% Opaques 5%
Chlorite 15% - Sphene 5%
Quartz 15%

Plagioclase forms the major part of the leucocratic fraction.
It has been extensively recrystallised. It is interstitial to

the green minerals and tends to form discontinuous bands.

Amphibole occurs as tabular and acicular forms and, with
chloritic alteration, tends to form discontinuous bands of green
minerals which produce the oriented fabric evident in hand

specimen.

Quartz occurs as individual grains and patches of recrystallised
mosaic 1in the leucocratic bands. Much of the finely

recrystallised material is probably quartz.
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Epidote occurs in fragmented patches, mainly in grains of former
pPlagioclase but OCcasionally as an alteration product of
amphibole.

Opaque material forms irregular patches composed of fine grains.

It is almost invariably Surrounded by sphene, some of which is
leucoxenised.
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CARINGA 1

6827 RS 126, TS C52820

Depth 285.2 m

Rock name Contact between amphibolite and chlorite schist.

Hand specimen

A contact at 45° to the 1length of the core divides a fine-
grained, dark green rock with a prominent foliation from a pale
grey, slightly coarser grained rock without a preferred
orientation. A branching fracture system subparallel to the

contact carries pyrite.

Thin section

Approximate mode by visual estimation

Amphibolite Chlorite schist
Amphibole 30% Chlorite 50%
Chlorite 30% Zeolites 30%
Quartz 20% Plagioclase 5%
Plagioclase 10% Amphibole 5%
Opaques 10% Quartz 5%
Epidote trace Opaques 5%
Carbonate trace Sphene trace
Epidote trace
Garnet trace

The amphibolite is the same as that at 286.5m. A directional
fabric is constructed by strictly oriented amphibole, chlorite
and quartz with minor plagioclase and opaque minerals. Knots
are produced by lenses and pods of quartz, chlorite and

plagioclase.
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The contact is more complex than appears in hand specimen. A
straight line is marked in section by a vein containing coarse-
grained chlorite and quartz with local plagioclase, epidote and
carbonate but this line only separates different lithologies in
the centre of the section. The same amphibolite occurs on both

sides of the vein for much of its length.

In the centre of the section the amphibolite is disrupted and
replaced by contorted veins of coarse-grained penninite and a
variety of zeolites. On the basis of optical properties
heulandite, thomsonite and chabazite are recognisable species
but most properties are +transitional rather than sharply
distinctive and there is probably a continuous rénge in chemical
composition between sodic and soda-lime zeolites. A contorted
carbonate vein is continuous with the carbonate alohg the

contact.

Minor plagioclase, quartz, amphibole and traces of epidote and
sphene are present. Sphene often forms a rim around ilmenite

grains.

Outlines of <cubic minerals now completely replaced by

pseudomorphous alteration products were probably calcic garnets.
Large, irregular patches of pyrite are associated with two types
of chlorite, one isotopic and the other with anomalous

birefringence.

The relative chronology of disruption and metasomatic

recrystallisation is not revealed by the petrographic evidence.
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6827 RS 130, TS C53504

Depth 287.0 m
Rock Name Contact between medium-grained and fine-grained
amphibolite.

Hand specimen

The core is split along a plane coated with carbonate and
pyrite. These minerals are also apparent within the rock. A
similar contact as those examined in RS 131 and 132 is present
in this specimen but the fabric is interrupted by pale grey

lenses.

Thin section

The contact is between a fine-grained, intensely-foliated
amphibole schist, and a medium-grained weakly-foliated

amphibolite.

The medium-grained amphibolite consists of anhedral blue-green
hornblende and plagioclase with a granoblastic to granoblastic-
elongate texture. Common fine-grained opaques are associated
with hornblende. Narrow s-c fabric shear zones (<lmm) are
defined by finely recrystallised needles of amphibole with fine-

grained plagioclase and quartz.

The amphibole schist is formed by mylonitisation of an amphibole
+ feldspar + quartz amphibolite, producing an intense foliation
defined by fine-grained acicular amphibole and elongate
recrystallised aggregates of quartz + feldspar plus minor trains
of opaques. Narrow calcite and quartz veins are parallel to the

contact of the amphibolite and amphibole schist. Several coarse
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aggregates of quartz and feldspar preserve zones of crenulated

foliation within amphibole-rich inclusions.
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CARINGA 1

6827 RS 131, TS C53505

Depth 289.8 m

Rock name Contact between banded amphibolite and medium-grained

amphibolite.

Hand specimen

A dark green, fine-grained rock shares an irregular contact with

a pale, greenish grey granular rock.

Thin section

The fine-grained amphibolite contains a few plagioclase
phenocrysts but is very high in prismatic amphibole. The
banding is produced by differences in grain size and orientation

of amphibole prisms rather than by compositional variation.

The medium-grained amphibolite exhibits a moderately pronounced
preferred orientation. It consists primarily of amphibole and
plagioclase. It contains abundant quartz but this is probably

introduced.

The medium-grained amphibole and, to a lesser extent, the fine-
grained amphibolite have been invaded by sulphide, quartz and
chlorite, mainly along foliation and discordant veins. The
sulphide is probably pyrite. ’A small amount of carbonate is

associated with the mineralisation.
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CARINGA 1

6827 RS 132, TS C53506

Depth 292.4. m

Rock name Contact between fine and medium-grained amphibolite.

Hand specimen

A fine-grained, dark green rock has an irregular contact with a

pale grey, coarser grained rock. Pyrite is frequent.
Thin section

A fine-grained, well-foliated amphibolite is in irregular

contact with a medium-grained amphibolite.

The medium-grained amphibolite consists of a granoblastic to
weakly elongate framework of amphibole (?blue-green hornblende)
and plagioclase. Opaques occur both as fine anhedral grains,
and as minor euhedral grains. Biotite is uncommon, occurring as

fine ragged plates. The amphibolite has a weak foliation.

The fine-grained amphibolite <consists of fine acicular
actinolite, <chlorite, minor biotite and very fine-grained
disseminated opaques. Minor medium-grained, subhedral

plagioclase laths are partially overprinted by amphibole.

The contact between the two amphibolites is highly irregular.
Fine euhedral grains of opaques are concentrated in the fine-
grained amphibolite near this contact. Medium, euhedral grains
of pyrite occur near the contact, and have pressure shadows of
biotite and quartz, suggesting the pyrite predates the

amphibolite foliation.
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Several pyrite grains associated with relic feldspar grains are

severely fractured. Pyrite also occurs as discordant veins

within the fine-grained amphibolite.
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CARINGA 1

6827 RS 133, TS C53507

Depth 296.4 m

Rock name Contact between fine-grained, amphibole-chlorite

schist and protomylonitic granite.

Hand specimen

An irregular contact, broadly parallel to the length of the core
divides a dark green, fine-grained rock from a grey, coarser
grained rock with white crystals and a white selvedge along part

of the contact.

Thin section

The specimen contains the contact between a well fine-grained,

well foliated amphibole schist and a protomylonitic granite.

The amphibole schist consists of fine acicular ?actinolite-
hornblende and minor elongate feldspar grains, plus very fine-
grained disseminated opaques. A narrow vein of strained quartz

cuts obliquely across the foliation.

The granite consists of medium to coarse plagioclase, orthoclase
and quartz grains within a matrix of fine, dynamically
recrystallised quartz and feldspar. Fine-grained, ragged
amphibole and biotite grains are common. Minor ?magnetite
occurs as fine aggregates associated with amphibole grains.
Elongate recrystallised ?actinolite occurs associated with
narrow shear zones intersecting the granite. The overall

texture of the granite is protomylonitic.
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Along the contact of the two 1lithologies, medium-grained
biotite, amphibole and stringers of opaques are common. Minor
elliptical lenses of quartz exhibit s-c mylonite textures. A
step in the contact corresponds to a late stage shear zone which
has been subsequently overprinted by further shearing parallel

to the general orientation of the contact.

An apparent high-angle discordance between the amphibolite
foliation and the granite contact may be due to a small-scale
step geometry along the contact, oblique to the plane of the

thin section.

?Pyrite veining along the contact extends well into the granite.
An elongate, irregular flake of graphite occurs in the granite

near the contact.
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6827 RS 147, TS C53521

Depth 168.4 m

Rock name Carbonate-replaced metadolerite

Hand specimen

No hand specimen

Thin section

Most of the section consists of fine-grained calcite without any
detectable oriented textures. Enough relict plagioclase,
hornblende and epidote remains to indicate that the rock was
originally a metadolerite.

zoning is visible in relict plagioclase.

Disseminated fine-grained anhedral opaques are pyrite.
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WYNARKA 1

6827 RS 148, TS C53522

Depth 170.7 m

Rock name Metadolerite

Hand specimen

Metadolerite is in contact along an arcuate boundary with a
fine-grained rock banded along the same arc with green, light
grey and greenish grey colours. The core fractures along the

boundary.

Thin section

Under magnification plagioclase is sericitised to the extent
that individual grains are not 1longer distinguishable,
particularly close to the contact. Hornblende is distinct but
many grains are replaced by chlorite. Quartz and opaque

minerals are unaltered.

Occasional interstitial calcite is seen in the metadolerite and
the fine-grained white rock at the contact is dominantly, plus

opaques and chlorite.

The fine-grained banded lithology appears to be a calcite +
chlorite + opaques brecciated shear zone. This may represent a
carbonate-rich vein that has been subsequently sheared, or the

carbonate may have been introduced during deformation. The mica

and opaque-rich bands exhibit S-C mylonite foliations.
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Most of the alteration is calcite. Green bands are composed of
penninitic chlorite. Pale green bands are carbonate with
epidote and chlorite. This is a distinct type of replacement,

not encountered deeper in the hole.
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WYNARKA 1

6827 RS 149, TS C53523

Depth 172.75 m

Rock name Contact between granodiorite and altered dolerite.

Hand specimen

A tongue of light coloured rock unit with 8mm white crystals is
in contact with a brown and grey rock with poorly defined grain

structure.

Thin section

The 1light coloured unit is a feldspathic rock with a high

proportion of recrystallised quartz and biotite.

The brown and grey rock is strongly altered dolerite. Traces of
dolerite are visible about 15mm from the contact but closer than
that the rock is almost completely replaced by a mass of fine
biotite flakes and mosaic quartz. Minor epidote and a system of
carbonate veins at the contact are also replacement products.
Opaque grains, quartz and.minor plagioclase and amphibole are

occasionally retained from the original rock.

Both the dolerite and granodiorite exhibit protomylonitic
recrystallisation, with the contact exhibiting intense
recrystallisation and development of a mylonitic foliation.
Minor fine-grained opaques, including pyrite, occur with calcite

in the contact zone.
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WYNARKA 1

6827 RS 150, TS C 53524

Depth 173.25 m

Rock name Dolerite in contact with granodiorite.

Hand specimen

An even-grained dark brown and grey rock with a grain size of

about lmm is cut by a poorly defined band of white minerals.

Thin section

The mafic assemblage of plagioclase, hornblende, quartz,
opaques, sphene, biotite, chlorite, epidote, relict pyroxene and
apatite is similar to that at 174.7m apart from somewhat finer

grain size.

The poorly defined, white minerals are coarse-grained (5mm)
plagioclase with minor quartz, biotite and chlorite. These are
similar to those in the granodiorite between 175.2m and 182.3m.
The crystals exhibit minor recrystallisation along grain

boundaries.

Very heavy alteration has affected the dolerite at the contact
with the granodiorite replacing the feldspars with a felt of
sericite and grains of epidote and the hornblende with

penninitic chlorite.

A thin, meandering vein of carbonate cuts both lithologies.

G01755



A-81

WYNARKA 1

6827 RS 151, TS C53525

Depth 174.7 m

Rock name Metadolerite

Hand specimen No hand specimen

Thin section

The rock is altered but the extent of alteration is
substantially less than that affecting metabasic rocks below
182.7m. Plagioclase laths up to 2mm long and hornblende up to
lmm across which is mainly of poor shape and interstitial are
the main constituents. Minor constituents are quartz, biotite,
opaque minerals, pyroxene, epidote, sphene, chlorite and

apatite.

Many plagioclase laths are unaltered. Sharply defined twinning
enables a composition on the borderline between andesine and
labradorite to be determined from symmetrical extinction angles.
The laths are decussate without preferred orientation.
Alteration is varied in intensity. Some plagioclase grains,
particularly those of tabular rather than prismatic habit, are

strongly altered to sericite.

The amphibole is hornblende, pleochroic from pale brown through
olive green to blue-green. It is sometimes zoned with brown
dominating the pleochroic scheme in the centre and blue-green at
the margins. Most grains are interstitial to the plagioclase

but some are subhedral and a few euhedral. At least some of the
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amphibole appears to be original rather than a replacement of
pyroxene. Some alteration of amphibolite to chlorite has

occurred.

Relict pyroxene is present as inclusions in amphibole. Textural
relations suggest that much of the amphibole is an alteration

product of pyroxene, the mineral originally crystallised.

Quartz is widespread as an interstitial mineral.

Skeletal opaque minerals are surrounded by a reaction zone of
sphene. Biotite flakes often surround such grains and other
biotite flakes occur within the wvicinity. It appears that
titanium from what must originally have been ilmenite has been

fixed in sphene while iron released from the same reaction.
Chlorite 1is a common alteration product of amphibole. The
change from blue-green amphibole to blue-green chlorite is a

transitional reaction.

Epidote is present as a minor alteration product of plagioclase

and, more substantially, in a thin, meandering fracture system.

Apatite prisms are rare.
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WYNARKA 1

6827 RS 152, TS C53526

Depth 175.2 m

Rock name Protomylonitic granodiorite.

Hand specimen

No hand specimen.

Thin section

The rock is essentially the same as that from 182m. Minor
differences are that more microcline is present, more of the

quartz is original and the mica is not as strictly oriented.

Microcline is more abundant as part of a muscovite-microcline
association in interstitial ©bands, not as an original

constituent.

Some of the quartz grains have been rounded into shapes with an
oval cross section, surrounded by a zone of recrystallisation
and sericitisation and embayed by the matrix.

Feldspar grains also exhibit protomylonitic recrystallisation.
Biotite and minor muscovite are somewhat less abundant than in
RS 153 and are not quite as consistent in orientation. This may

be a result of the orientation of the plane of section.

Differences between RS 153 and 152 are of degree rather than of
kind.
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WYNARKA 1

6827 RS 153, TS C53527

Depth 182.0 m

Rock name Protomylonitic granodiorite.

Hand specimen No hand specimen

Thin section

Fractured and fragmented feldspars up to 4mm across are
contained in a matrix of recrystallised feldspar, biotite,
muscovite and quartz. The biotite imparts a weak preferred
orientation to the rock. Lenticular areas of sericite replace

the rock.

Feldspars occur as individual crystals and clusters. Plagioclase
is the main feldspar but occasional crystals of microcline are
original constituents. The plagioclase is zoned but appears to
be oligoclase for the most part. With 4% Na,0 in the rock, the

plagioclase cannot be calcic.

Microcline occurs as both original crystals and slightly
distorted grains in bands of biotite and muscovite. In the
latter situation the microcline 1is possibly a product of

recrystallisation.

Biotite consists of red brown, strongly pleiochroic flakes both
of relatively coarse grain size and as clusters of fine flakes.
Both types are aligned with a preferred orientation. The
biotite contains inclusions of opaque minerals and abundant

zircon.
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Muscovite occurs as medium-grained flakes with biotite and
microcline. It also occurs as massive sericite which forms

lenticular masses replacing many grains of different minerals.

Most quartz occurs as lenticular or irregular masses of highly
strained mosaic, as grains up to 3mm across composed of several
parts with different optical orientation, as scattered,
irregular grains in optical continuity over 8mm and as oriented

or irregular fine-grained inclusions in plagioclase.
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WYNARKA 1

6827 RS 154, TS C53528

Depth 181.4 m

Rock name Contact of granodiorite and epidote-rich altered

metadolerite.

Hand specimen

A grey rock with white crystals up to 5mm across is penetrated
by a light green, fine-grained lithology forming two poorly-
defined bands.

Thin section

The coarse-grained rock consists of plagioclase, quartz, biotite

opaque minerals, microcline and muscovite.

Plagioclase forms zoned, subhedral grains with grain boundaries
marked by recrystallisation. Compositions vary between andesine
and albite. Not all grains exhibit twinning but zoning is

usually evident. Grains are altered to varied extents.

Quartz grains vary between 2mm and a few microns across. Most
grains exhibit strain polarisation and the coarse ones are often
constructed of partially annealed mosaics of finer grains.
Regular to irregular intergrowths of quartz and plagioclase are
common. Quartz frequently embays adjacent plagioclase but
textural relationships are often concealed by recrystallisation

along grain boundaries.
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Biotite is interstitial to plagioclase and quartz and consists
of clusters of fine flakes of pale, weakly pleochroic mica
associated with epidote and opaque minerals with rims of sphene

and leucoxene.

Microcline is rare, fine-grained, interstitial and apparently
associated with mica. The mica surrounding microcline includes

muscovite as well as biotite.

The fine-grained green lithology forms flame-like masses of
alteration which extend interstitially into the coarser
lithology from the edges of bands of total replacement. The
products of this alteration are mainly closely packed, equant,
fine grains of epidote. In places interstitial chlorite is
present and, where the alteration penetrates the coarse grained

rock, biotite accompanies the epidote.
Thin veins of calcite are roughly parallel to the main direction

of the body of epidote in the margin and centre of the mass.

Pods of mosaic quartz occur along the main axis of the mass.
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WYNARKA 1

6827 RS 155, TS C53529

Depth 182.7 m

Rock name Metadolerite with pyrite

Hand specimen No hand specimen

Thin section

The essential mineralogy is the same in this rock as 1in
specimens RS 156 and 157. Grain size is finer,
recrystallisation is not as intense and no preferred orientation
is apparent. Pyrite occurs in veins about 0.5mm across which
broadens into patches up to 5mm across at a few points. A brown

carbonate is associated with the pyrite.

Hornblende of the same type as in the coarser grained rocks is
more abundant, better shaped and of better crystal structure.
Acicular amphibole is present but most grains are subhedral
rather than completely anhedral.

Feldspar grains are often recrystallised at the margins but less
so in the centres. Extinction tends to be undulose rather than

patchy.

Epidote is less abundant but quartz more abundant than in the

more recrystallised rocks.

Biotite is common and is little altered to chlorite.

Sphene and apatite are rare accessories.
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WYNARKA 1

6827 RS 156, TS C53530

Depth 188.7 m

Rock name Metadolerite.

Hand specimen No hand specimen.

Thin section

Apart from the absence of consistent orientation the rock is
almost identical to that at 193.4m. Patches of poorly
crystalline hornblende and opaque minerals are surrounded by
recrystallised plagioclase and quartz which is more abundant
than in RS 157. Epidote is abundant as patches in plagioclase.

Biotite is common. Chlorite is rare.
These rocks are identified as metadolerites on the basis of

grain size but, since grain size may be a product of

recrystallisation, the original rocks may be basalts.
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WYNARKA 1

6827 RS 157, TS C53531

Depth 193.4 m

Rock name Metadolerite.

Hand specimen No hand specimen.

Thin section

The rock is strongly recrystallised with one moderate preferred
orientation parallel to the length of the section and a second,
weak and arcuate, at a high angle to the first. Amphibole,
plagioclase and opaque minerals are the main constituents with

minor epidote and quartz and very minor biotite and chlorite.

The amphibole is an acicular hornblende with pleochroism from
pale green through straw yellow to blue-green. Crystals are
often zoned with browner interiors and blue-green margins.
Crystal structure is poor and most crystals are acicular or with
acicular margins. Little consistent orientation is evident in
individual crystals but an imperfect banding is apparent in the
overall distribution of amphibole, giving the rock a moderate

directional fabric.

Plagioclase is identified from the assay rather than from
optical properties. Few grains exhibit measurable and
consistent properties and most are clearly partially annealed,
strongly recrystallised irregular masses. Recrystallisation is
particularly marked at grain boundaries but extends throughout
the masses. The weak arcuate fabric appears to be related to

regrowth of feldspar rather than orientation of amphibole.
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Opaque minerals are irregular as grains and clusters, mainly

associated with amphibole.
Quartz is widespread, probably introduced and often a mosaic of
partially annealed granules. The history of recrystallisation

is complex.

Epidote occurs as irregular patches mainly, but not exclusively,

in plagioclase.

Biotite occurs both as an alteration product of amphibole and as

independent flakes.

Chlorite is an alteration product of both amphibole and biotite.
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WYNARKA 2

6827 RS 134, TS C53508

Depth 167.4 m
Rock name Carbonate-replaced metadolerite.

Hand specimen

The rock is a pale greenish grey with a darker grain structure.

Coarse grains of pyrite are visible.

Thin section

Broken plagioclase laths and interstitial penninite are again
the main constituents of the host rock, indicating the same
metadoleritic composition as has been intersected down to
187.3m.

Carbonate alteration is less intense in this specimen than in
others above 185.4m. It affects both plagioclase and penninite.
A pale green, isotopic chlorite partly replaces the penninite

but does not affect the plagioclase. Quartz is little affected.

The opaque minerals are altered to sphene and leucoxene. A few

grains of pyrite are present.

Thin veins of carbonate cut the specimen.
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WYNARKA 2

6827 RS 135, TS C53509

Depth 171.3 m

Rock name Strongly altered metadolerite.

Hand specimen

The rock is pale greenish grey with a poorly defined grain

structure.

Thin section

The rock is virtualiy identical to RS 139 from 180.85m. Lath
shaped plagioclase identifies the mafic affinity but is strongly
replaced by carbonate and a pale green chlorite. Interstitial
penninite has also undergone replacement by carbonate and a
second chlorite. Interstitial quartz is unaffected. Abundant
opaque minerals include altered grains of original ilmenite and

a late introduction of pyrite.

Thin c¢carbonate veins cut the section.
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WYNARKA 2

6827 RS _136, TS C53510

Depth 173 m

Rock name Calcite-chlorite quartz tectonite.

Hand specimen

Subparallel to undulating white bands, ribbons and streaks cut

a grey green rock.

Thin section

White bands consist of coarse-grained calcite. They are
subparallel to bands and streaks of penninite with fine-grained
calcite which make up the green rock. Some opaque material of
indeterminate origin occurs with the chlorite. Quartz occurs as
coarse grains with the calcite bands and as lenses of very fine,
dynamically recrystallised grains, with the chlorite-calcite
bands. A few crystals of pyrite are present. The intense

foliation anastomoses around elliptical lenses of calcite.

The nature of the original rock is totally obscured.

GO1755



A-95

WYNARKA 2

6827 RS 137, TS C53511

Depth 173.8 m

Rock name Calcite altered amphibolite + tectonic breccia.

Hand specimen

No hand specimen.

Thin section

The specimen consists of angular clasts up to lcm wide of well-
foliated quartz + calcite + chlorite schist within a matrix of
fine- to medium grained carbonate and quartz. The clasts are
also cut by narrow calcite and quartz veins, which are commonly
offset by solution cleavage and shear-band foliae within the
clasts. Minor relic grains of quartz + feldspar occur within the

schist.

Both quartz and calcite within the matrix have undergone

blastomylonitic dynamic recrystallisation.
The specimen is interpreted as an amphibolite which has

undergone mylonitisation and brittle fracturing, with

progressive carbonate-chlorite replacement.
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6827 RS 139, TS C53512

Depth 180.85 m
Rock name Carbonate-replaced and chloritised ?metabasic rock.

Hand specimen No hand specimen.

Thin section

The rock is a strongly altered plagioclase, penninite and opaque

mineral assemblage. Relict plagioclase is lath shaped and
penninite 1is interstitial. Interstitial quartz is present.
Opaque minerals are abundant and include late pyrite. The

original rock was probably similar to, but more mafic than, the

metadolerites intersected deeper in the hole.
Alteration consists mainly of carbonate but includes a second

chlorite. Thin veinlets of carbonate and chlorite cut the

section.
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WYNARKA 2

6827 RS 140, TS C53513

Depth 181.9 m

Rock name Banded calcite-chlorite tectonite.

Hand specimen

Subparallel to undulating ribbons and streaks of carbonate cut

greenish grey rock at about 45° to the length of the core.

Thin section

The rock consists of alternating bands and patches of calcite,
chlorite, fine grained mosaic quartz and opaque material of

indeterminate origin. A few grains of pyrite are present.

The calcite bands exhibit a moderate-intensity S-plane foliation
subparallel to trails of medium~-grained chlorite. Trails of
opaques are both subparallel to the chlorite bands and at a high
angle to the foliation. Relic quartz lenses exhibit intense

dynamic recrystallisation to produce a very fine-grained mosaic.

The foliation is ~25° to the mesoscopic compositional banding

within the specimen.
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WYNARKA 2

6827 RS 141, TS C53514

Depth 183.7 m

Rock name Strongly altered ?metadolerite.

Hand specimen

The rock is pale grey green, fine-grained and uniform except for
a white band.

Thin section

Alteration is intense in this specimen. Both the feldspars and
matrix penninite are replaced to a varied but generally wide

extent by carbonate and a second, pale green chlorite.

Quartz is unaffected and opagque minerals are somewhat less
altered than in the specimens from 185.4m and 187.3m. Opaque
minerals are particularly abundant in this specimen and include

both original ilmenite and introduced pyrite.

The white band is a compound, branching vein of calcite and

minor quartz.
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WYNARKA 2

6827 RS 142, TS C53515

Depth 185.4 m

Rock name Chloritised ?metadolerite.

Hand specimen

The rock is fine-grained, greenish grey and uniform except for

a few thin green bands parallel to the length of the section.

Thin section

The same altered mafic as was intersected at 187.3m occurs at
185.4m. Fractured plagioclase crystals are contained in a
matrix of penninite. Altered opaque minerals are original,
occasional pyrite grains are late introductions. Quartz is

interstitial.
Disseminated carbonate is present throughout but no carbonate

band occurs in the section. The thin green lines consist of

penninite with minor disseminated carbonate.
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WYNARKA 2

6827 RS 143 TS C53516

Depth 187.3 m

Rock name Chloritised ?metadolerite

Hand specimen

The rock is medium grey, fine-grained, non-porphyritic and

without directional textures except for a crenulated white band.

Thin section
Plagioclase of oligoclase composition is the main constituent
and the fresh nature of most of it with well preserved twinning

suggests that the original rock was doleritic.

Quartz is interstitial.

The chloritic matrix retains no trace of relic amphibole.

Some of the altered opaque minerals are rimmed with an
alteration zone of sphene, suggesting similarity to
metadolerites encountered in other holes. A few grains of

pyrite are present.

Fine, disseminated grains and patches of carbonate occur
throughout the rock, becoming more concentrated towards the
white band seen in hand specimen. In thin section this is seen

to be a band of carbonate.
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SUMMARY COMMENTS

The eight thin sections discussed in this report are of samples from 1:100,000
Map Sheet No. 6827 and include six drill-core samples from Siamon drill holes
MBT 12 and MBT 1A. Five separate lithologies are present in various
combinations, as:

(1)

(2)

(3)

(4)

Generally gneissic tonalite or porphyritic microtonalite, to
granodiorite. This lithology is present in 6827 RS116, 121, 133 and
153. It typically has albitised plagioclase * granophyre and rarely
has separate alkali felspar grains (6827 RS153). Biotite and
hornblende are present except in 6827 RS153 which has lenses of
retrograde muscovite. This was originally a shallow intrusive rock
which has been metamorphosed.

Metamorphosed holocrystalline even-grained dolerite, basalt and
quartz dolerite. This lithology occurs in 6827 RS113, 130, 132 and
156. It is typified by subequal amounts of hornblende and plagioclase
(*granophyre in 6827 RS156), and probably represents relatively
small basic dykes which have been metamorphosed but are typically
not strongly schistose.

Schistose porphyritic very fine grained basalts occur in 6827 RS121,
132 and 133 intruding tonalite (RS121) or dolerite. These dykes have
phenocrysts, microphenocrysts or small laths of plagioclase, which
serves to distinguish them from the shear zone (lithology 4). These
basalts are very rich in fine grained hornblende and represent very
small dykes or the chilled margins of large dykes.

Hornblende rich shear zones Narrow shear zones cut the
metadolerites in samples 6827 RS113 and 6827 RS130. These shear
zones contain albite as irregularly dispersed grains or in lenses (6827
RS130, where they contain ilmenite), rather than replacing definite
phenocrysts or microphenocrysts. The zone in 6827 RS113 is less
clearly a shear zone than those in 6827 RS130, where there are three
shear zones of different sizes.



(5) Gabbroic anorthosite occurs as a xenolith in sample 6827 RS113. Itis
coarse grained and is a plagioclase cumulate with postcumulus
pyroxene altered to amphibole.

Sulphide, probably pyrite is present in 6827 RS121 and 132. -Veins containing

- albite and ilmenite are present in 6827 RS130 and 132. The vein in 6827

RS130 is in a shear zone that in 6827 RS132 is on the contact between
holocrystalline and porphyritic metabasalts.

In summary, these samples represent two suites of igneous rocks, or tonalite-
granodiorite suite, and later basaltic to doleritic dykes with a cumulus
textured xenolith in one of chilled dykes. The chief difficulty is to resolve the
difference between fine grained, sparsely porphyritic to aphyric basalts from
hornblende rich shear zones, as both are clearly present. Both can have veins
emplaced along their margins and both are strongly schistose.
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INDIVIDUAL DESCRIPTIONS

6827 RS113: Metamorphosed  dolerite with a
probable xenolith of gabbroic
anorthosite and a hornblende-rich zone,
either a shear zone or a schistose small
later dyke. (most probably a shear
zone).

The bulk of this section is occupied by a hornblende-rich metadolerite, with
zoned pale to deep blue green amphibole apparently replacing clinopyroxene
grains to 1lmm long. The interstitial material includes clay-clouded
plagioclase laths and anhedral grains of clear albite. Opaque grains to 1mm
diameter appear to have been recrystallised to fine grained probable ilmenite.
Abundant acicular amphibole crystals occur in the recrystallised felspar-rich
interstitial areas. A xenolith with a minimum dimension of 20mm consists
predominantly of coarse plagioclase grains to 6mm in size, with amphibole
replacing post-cumulus oikocrysts, probably of clinopyroxene, and oxidised
opaque grains, possibly magnetite or pyrite.

A strongly schistose zone about Smm wide contains dominant fibrous
hornblende and lenses of plagioclase different,from those in the host
amphibolite, and minor opaque oxides. The schistosity in this zone is
crenulate and at a low angle to the margins of the zone, which is consistent
with its representing a shear zone.

A vein along one margin of the schistose zone contains felspar, clay and
probable-stilbite. Other thinveins contain probable adularia.



6827 RS116: Recrystallised albitised probable
tonalite porphyry with minor biotite,
hornblende, chlorite, magnetite and
apatite, trace zircon and pyrite.

Albite 50-55%
Quartz 40%
Hornblende, biotite,

chlorite 5%
Magnetite 1-2%
Apatite <1%
Zircon tr.
Pyrite tr.

This is a somewhat heterogeneous rock, most of it is porphyritic with
fractured, albitised plagioclase phenocrysts from 1 to 7mm long, clouded by
clays. Probable ferromagnesian phenocrysts to 2mm long have been
recrystallised to diffuse aggregates of hornblende, biotite and felspar, with
inclusions of magnetite, apatite, zircon and rarely, allanite.

The groundmass is predominantly composed of quartz and albitised felspar
grains 0.2-0.6mm in size, with minor hornblende,. biotite, chlorite, opaque
oxides and fine acicular apatite. Relatively even-grained, felspar-rich patches
to 6mm in diameter with small recrystallised ferromagnesian grains are
possibly xenoliths.

Schistose veins with quartz biotite and chlorite are present. Pyrite is present
in thin veins and within some of the recrystallised ferromagnesian grains.
There are rare suggestions of recrystallised, silicified granophyre patches in
the rock.
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6827 RS121:MTB12, 294.45m Contact between, even-grained,
' albitised, partly granophyric,
microtonalite and schistose porphyritic

hornblende-rich metabasalt(? dyke)

pyrite and clays on and adjacent to the

contact.

Tonalite
Albite 50-55%
Quartz 35-40%
Orthoclase(albitised) 2%

Biotite, chlorite,
hornblende 3-5%
Quartz 1.2%
Apatite <1%
Pyrite 0-5%

The bulk of this section is occupied by a relatively even grained rock, similar
to the possible xenoliths in 6827 RS116, but with clouded albitised felspar
laths about 1mm long. Phenocrysts to 3mm long are rare, occurring only
adjacent to the hornblende-rich schist.

Rare patches of granophyre have been preserved in this rock, with the original
alkali felspar altered to albite, locally with a checkerboard texture. Fine
ferromagnesian minerals, mostly biotite, with minor hornblende and chlorite,
are evenly dispersed but are not strongly schistose. Fine oxides and apatite
are also dispersed.

The hornblende schist contains rare scattered plagioclase phenocrysts to Imm
long and moderately abundant (10%) plagioclase microlites set in schistose
hornblende. Opaque oxides occur in and adjacent to the phenocrysts and in
the schist, particularly along the margin. A vein-like zone, rich in
recrystallised albite is present along the contact and contains oxide g\rains
0.2mm in size.



6827 RS121: MBT-12, 294.45m continued:

A zone containing abundant pyrite hornblende and clays extends 4mm into the
tonalite, and is connected to veins of filamentous pyrite passing into the schist
at a low angle (15-200) to the contact. The schistosity in this area is
crenulated but hornblende in the albite-rich contact zone is axial plane to
these crenulations. A diffuse vein containing hornblende and biotite carries
minor pyrite into the microtonalite.



i

6827 RS130: MBT12, 287.0m Metadolerite cut by hornblende schist
zones with albite and probably ilmenite.

The metadolerite in this sample is less deformed than that in 6827 RS113 with
prisms of green hornblende about Imm long clearly derived from pyroxene
crystals, and with recognisably igneous plagioclase laths about 1mm long.
Opaque oxides are dispersed as small probably recrystallised grains, and
small apatite needles are common. Fine acicular amphibole needles also
penetrate into the felspar laths.

Three subparallel zones of hornblende-rich schist, from 0.2mm to over 10mm
wide are present within this rock. The narrowest zones are also rich in
granular clear albite. One of these is sharply defined but the other has a
diffuse contact with the metadolerite, the schistosity developing over a zone
up to 3mm wide and swinging from 40° to the shear zone to nearly parallel.

The widest zone is sharply defined with the schistosity parallel to the zone,
except in a lens rich in coarse albite, up to 6mm wide, where the schistosity is
contorted. Minor albite and oxides are dispersed through this zone, and the
albite-rich lens contains coarse probable ilmenite crystals to 2mm long.



6827 RS132 MBT12 292.4m Contact between metamorphosed
holocrystalline basalt and schistose
metamorphosed porphyritic fine
grained basalt. (both possibly dykes)

A B

Hornblende 40% 70-95%
Plagioclase 50% 5-25%
Oxides 7% 5%
Biotite 7% 5%
Pyrite 1-2% <1%
Apatite <1%

Quartz - <1%

Part of this thin section is a fine grained metabasalt(A) with amphibole prisms
about 0.3mm long and plagioclase laths of similar size. The plagioclase laths
are zoned and probably residual igneous grains. Fine oxides and apatite are
accessories and there are scattered irregular grains of pyrite.

This rock has been intruded by an even finer grained basalt with scattered
phenocrysts and microphenocrysts of plagioclase, typically from 0.5mm to
2mm long in a fine grained, generally hornblende-rich schist. Irregular
patches in this schist are richer than the rest of.the basalt in felspar and
biotite. Small possible vesicles are present containing hornblende,
plagioclase, biotite and magnetite.

Fine oxides are concentrated into a zone on, or about 1-3mm from, the
irregular contact between the two basalts, within the finer grained rock. This
zone also contains fractured porphyroblasts of magnetite set in pressure
shadows of quartz, biotite, and chlorite. Pyrite grains occur within this zone
and in a fracture parallel to it, but further from the contact.



i

6827 RS133 MBT12 296.4m Gneissic albitised microtonalite or
microgranodiorite with granophyric
patches, c.f. 6827 RS121, and a schistose
fine grained basaltic dyke.

Albite 60% % 2-3%
Quartz 30% . <1%
Hornblende 5% 90%
Biotite 3% -
© Oxides 2% - 5-7%
Apatite <1% <1%?

Part of this rock was a porphyritic microtonalite or microgranodiorite with
albitised plagioclase phenocrysts to 4mm long in rare clusters to about 10mm
diameter. The groundmass, which is micro gneissic, contains albitised
plagioclase laths mostly 0.5-1.5mm in length, recrystallised quartz grains and
deformed patches of granophyre with albitised probable alkali felspar. The
albite replacing plagioclase is clouded but that in the altered granophyre
patches is clear. The biotite and hornblende define a gneissic foliation partly
wrapped around the plagioclase crystals, but roughly parallel to the foliation
in the adjacent hornblende schist. Opaque oxides and apatite occur in and
adjacent to the biotite and hornblende.

The basalt dyke has been altered to a fine grained hornblende schist with fine
oxide grains and rare small felspar laths. Minor quartz is possibly present.

The contact is irregular and may have been folded. A lens of quartz and albite
occurs on the area of the fold and contains an elongate, bent crystal of
probable ilmenite. A thin vein of albite and possible ilmenite has cut the
hornblende schist. The albite is altered weakly to clays adjacent to thin clay-
filled fractures.



6827 RS153 MBT 14, 182.0m Foliated biotite tonalitic to
granodioritic  gneiss with  minor

muscovite.
Plagioclase 50-55%
Alkali felspar 5-10%
Quartz 30%
Biotite 7%
Muscovite 5%
Oxides <1%
Apatite <1%

Weakly sericitised plagioclase crystals to 3mm long are common in this rock
together with deformed quartz grains to 2mm and rare grains of perthitic
microcline to 4mm long. The interstitial areas have been recrystallised but
appear to have contained some granophyric areas. Some of the finer grained
alkalifelspar has apparently been altered to albite, so it is difficult to estimate
the original alkali felspar content. The original rock could have been a either
a tonalite or a granodiorite.

Lenses of schistose biotite are common with lenses of finer grained
(retrograde?) schistose muscovite * quartz occuring with the biotite or
separately. Some of the muscovite-rich lenses are up to 8mm long.
Accessories include magnetite and apatite.
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PEEBINGA 1
MAJOR ELEMENTS IN.PERC£NT

7328 7028 72023 7023 7028 7028 7023 7028 7028

24 25 26 29 31 35 37 38 39

\ §i02 ?.35 45.60 45440 37.00 45.9¢0 66.70 57.30 42.30 46.20
Ti0?2 0.27 3.02 3.98 4.00 2.36& 0.75 1.60 2.74 2eb2
A1203 2254 16.20 16.560 16.00 15.1C 14.10 15.50 14.70 14.20
Fed03 4.30 18.10 29.80 14.50 14.50 5.30 12.90 12.80 12.30
FeO - - - - - - - - -
Mn0O 0.03 ~ 0.20 0.28 D.13 0.14 0.95 0.12 0,22 0.15
Mg0 0.73 4.36 2.32 2.04 4,44 2.74 1.54 7.40 5.90
Cao 47.2C 175 1.48 ?.35 5.45 1.19 1.37 755 9.30
Na20 0.03 1-.05 1.14 0.09 Ta&7 0431 6«55 3.42 2.72
K29 0.53 2.22 3.08 $.052 1.74 3.72 J3.17 0.37 0.96
P205 0.91 0.46 0.86 J,.3¢ D.3% 0.11 0.54 0.34 0.29
" H20+ . . . . - . . - - -
Hz0 . . - . . . - - .
co2 - - . . - . . - -
LCI 21.9C 5.50 4,82 10.°0 3.45 4.90 2e34 8.563 4$.98
Total $3.26 $9.%8 121 98.52 100.3 100.6 100.9 101 99.42

TRACE ELEMENTS IN PPM

Ag 1.0¢ -1.06 -1.95 1.00 -1.900 -1.90 -1.00 -1.00 -1.00

As 464.0C xg.uU 14.30 %.00 42.0C 22.480 -2.90 2.00 3.00

Au $.0C ® 2.00 3 1.00 & 2.N0 18 2.20 7 5.0C 2 1.0C B 1.00 & 1.00

Ba 3590 2330 2250 2530 153 2730 390 320 640

8i 4.0C -4.00 5.20 3.20 3.2C 4.90 -4.00 -4.90 18.00

Ce 314.0C 115 110 £2.00 . 33.00 22,00 138 44.00 32.00

Lo 2.00 4,00 40,733 42.30 56.0C 17 .00 12.00 44.00 40.00

cr 24.9C 125 15.00 35.90 103 £5.90 12.00C 115 105

Cs 9.4C 1.20 2.%0 240 2.20 2.30 -3.2¢ 0.30 0.20

Cu 36.0C 25.9C z25.30 323.2C 32.00 45.00 18.00 £2.00 &4.00

Jy 5.2C 3,00 12.50 7.90 5.00 5.20 15.00 S8 5.40

Er 3.0¢ 3.3C 5.00 3,190 2.50 3.50 7.2C 2.7¢C 2.30

= 1.5¢C 2.30 .90 2.30 Z.4C 1.70 4.90 2.30 2.20

Ga 5.00 23.506 I3.00 25.500 26,26 22.00C 34.00 24.00 20.00

Gd 7.2G 11.66 14.5C 3.40 5.90 7.20 15.20 6.50 5.30

La 23.C0 54.30C £0.90 28,90 25.900 64,99 50.90 20.00 14.60

Lu 0.4C 0.50 J.30 .40 340 J.30 1.00 D.40 D.40C

1o 3.00 2.30 4.50 2.50 1.58 2.920 3.50 2.50 2-60

Nb 5.0C 34.20 54.50 43.30 32.96 15.50° 80.00 20.00 18.00

Nd 32.0C 52.00 ¢5.00 24.50 32.0C 23.20 4£6.00 26.00 20.00

Ni 18.0C 115 49.00 74.00 &2.00 55.00 256.90 90.30 85.00

Pb 45.0C 24.06 $4.96 15.20 24.90 10.30 20.90 28.00 28.00

Pd 1.0C 8 -1.9C z -1.00 3 -1.90 5 =-1.00 = 2.208 =-1.00 5 =-1.00 23 =1.00

Pt =5.96 B ~5.00 2 -3.92 8 ~5.00 g -5.00 & -5.308 -5.00 B -5.00 2 -5.00

Rb 15.0C 43.00 £5.90 72.00 £9.00 190 6.990 7.40 17.60

Sb -4.90 -4.00 5.00 4.00 -4.00 -4.90 ~4.00 -4.00 -4.00

Sm 5430 12.60C 15.50 3.00 3.20 7.20 15.60 5420 6.20

Sn ~4.0C 4.00 -4.00 4,3 -4.00 -4.20 5.00 - =4.00 8.0¢

Sr 306 $2.00 100 75.90 155 24.00 310 -390 420

Ta 0.40C 2.60 4.00 3.20 2.40 1.50 5.40 1.80 1.40

1) Th 4.9C 16.00 6.20 3.60 2.00 22.00 7.40 4.30 1.20
o U 3.50 1.30 2.10 1.10 0.60 " 4.530 2.20 3.10 0.90
R v 180 270 230 210 290 110 10.00 310 280
o W 1.0C 1.60 1.090 1.00 1.00 2.00 2.00 1.00 2.00
( Y 38.00 32.00 $0.00 28.00 24.00 39.00 64.00 20.00 19.00
o o Yh 2.3C 2.%0 4.20 2.40 2.20 4.10 6.00 2.40 2.10
i In 43.00 - 190 120 180 130 85.20 155 105 86.00
o r -4.00 236 350 - 280 220 169 64C o145 150

M ( Negative values indicate < ie. less than- * « = Not Analyseds 8 = PPBs X =2%1)
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KRINGIN 1

MAJOR ELEMENTS IN PERCENT

$i02
Tio2
Al1203
Fe 203
Fel

MnO

MgO
Cao
Naz0
K20
205
H20+
H20
coz2
LOI

Total

TRACE

Ni

Y‘b, o e
In "
e 0 F

7028
49

72.50
0.6¢6
11.2C
4.82

0.07
1.79
0.66
11.20
4.82
0.07

ELEMENTS

IN PPM

(eI dv)

WIRHA

SOUTH 1

7027
1

.69.20

0.41
13.50
4.72

0.906
1.07
1.3¢C
2.438
5.25
0.10

O

[

()}

o

-1.0C
-2.90
1.3C
528
L.G0G
116
12.0C
44,.5C
12.0C
2400
7.2C
3450
1.5C
17.3C
2.30
54.00C
D.6C
4.9C
14.0C
42.0C
246.06
54.0C
1.00
-5.0C
22C
-4.00
10.9C
6.0C
135
2.00
33.00
3.7C
65.00
2.0C
30.00
3.3C
64.00
14C

s

[ES AN 6

tad

TORI HILLS
6927 6927
10 12
69.00 68.30

0.56 0.56
13.30 13.50 -

4.60 4.78

0.07 0.06

1.17 126

3.03 2.54

2.86 2.78

3.58 346

0.11 0.11

1.22 2.03
99.55 99.43
-1.00 -1.00
-2.00 -2.06
-1.0C ¢ -1.00

45C 450

4.00 19.00
72.0¢ 68.00

2.0C 10.00
24.900 28.00

843 3.60
12.0C 30.06

650 5.80

3.7C 3.40

1.4C 1.30
18.0C 13.00

5.3C 620
42.0C 39,00

D.60 .50

1.5C 2.00
12.9¢ 12.06
34.9C 21.96
14.00 14.9¢
34.90 52.00
-1.06 8 -1.00
-5.90 &  -53.00

136 176

6.0C -4.00

7.2C 5.60

4.0C 8.00

13¢ 2¢

0.30 1.00
18.5C 15.50

4.2C 3.40
70.0C 85.00

2.96 2.00
32.0C 27.00

3.50 3.30
60.0C 58.50

195 210
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2.006
-1.CC
33¢C
-4.00
15C
34.90C
155
J.4C
33.0C
13.58
7.4
2.3C
21.9C
15.9¢C
72.0C
1.2C
2.9C
5.5C
66.00
74.0C
45.00
-1.00
=5.930G
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37.00
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113
26C
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6827
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53.50

1.33
14.00
10.90

0.19
5440
(75
3.48
1.32
0.18

~N
N
g
Qrw a4 »

100.3

=1.0C
-2.00
1.80
340
4.G0
36.00
24.0G
150
1.50
4400
11.30C
7.50
2.10
21.906
7.80
14.C0
1.1C
2.0
5.50
25.5C
&5.00
32.00
~1.00 B
=5.60 3
36.90
5.8¢
7.060
4230
185
0.640
3,70
0.90

270
-1.90
53.00

6.80

125

240

X))

pre

2.50
23.956
14.506
25+50

1.58

2.50
11.50
23.20
19.39
53.00
=1.30
-5.00

3.3¢

~4.00

11.09
-4 .34
38.00

1.00

5.60
160

~1¢
1.00
$4.00
10.00
35.90
359

oy



(

CARINGA 1

MAJOR

5i0z2
Ti02
A1203
Fe?203
FeO
MnO
MgO
Cal
Na20
K20
P205
HZ20+
H20
co2
LOI

Total

TRAC
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As
Au
31
Ce
Co
Cr
Cu
Dy
Zr
Zu
Ga
Sd
La
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Mo
Nb
Nd
Ni
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Pd
7t
Rb
Sb
Sm
Sn
Sr
Ta
Th
U

v

W
Y

Yb
In-----.
I -035

{ Hegative values indicate <

6827
111

51.3C

1.47
14.60
12.10

0.20-

5.80
9.75
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0.13
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w
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42.90
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-4.00
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-4.00
155
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0.48
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1.00
25.06
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90.0C
76.00
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ELEMENTS IN PERCENT

6827
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1.32
15.10
12.10

0.18
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8.55
3.78
0.20
0.33

170

97.00

PPM
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20.40
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13.80
4.86
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0.72
G.35

©
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-1.20
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4,30
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2,40
80.090
2.00
54 .00
.50
44,30
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15.00
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11.50
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6.30
~4.30
-1.499
-5.5C
30.00
=4.00
8,20
‘4.50
E6.00
$.50
19.00C
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-1.00
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-1.00 8

30.96
-4.00
80.0G6
9.00
32.50
0.40
46.00
7.30
4.30
1.5C
10.00
7.3C
44.900
0.60
0.5C
11.50
40.00
3.00C
~4.,00
-1.906 8
~5.00 3
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-4,00
7«50
8.020
$6.00
1.00
17.60
1-30
25.00
-1.00
35.00
3.90
15.00
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6827
120

48.90

2«58
13.40
15.30

0.25
5.50
7.90
4.02
0.146
0.48

0.43

99.12

1.00
—2.00
3.00
20.00
4.00
30.00
40.00
54.00
0.50
30.00
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5440
2.10
20.00
8.00
11.40
0.70
3.00
5.00
20.400
14.00
22.400
-1.00
-5.00
9.00
-4.00
6.20

-4.00

170
0.40
2«10
0.50

135
1.00
44.00
4.90
96.00
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-1.00
2.00
1.00

25.0C

-4.00
3.30

35.00

44 .00
0.50
4 .00
5.20
53.10
1.20

16.00
4.20
3.20
0.40
1.60
2.50
.60

18.00

20.00

-1.00

-5.00
9.20

~-4.00
3.00

" ~4.00

150
0.40
0.560
0.40

165
1.00
24.00
3.00
84.00
68.00
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6327
125

50.20

1.51
14.70
12.00

0.20
5445
3485
3.02
0.18
0.36

2.56

99.03

-1.90
-2.00
-1.00
30.C6
-4 .00
13.60
44.00
33.00
J.50
44.00
5.2%0
3.5C
1.30
19.00
4.30C
5.8C
J.50
1.60
2.50
10.6C
18.00
40.00

—1-00 ¢

=5.00
11.20
~-4.G0
3.40
-4 .G0
145
0.40
0.80
0.40

160
1.00
26.00
3.50
84.00
64.00



WYNARKA 1 | WYNARKA 2 :

ssimmartpenn | bt nlEALs,

MAJOR ELEMENTS IN PERCENT
L 6827 6827 €327 6827 63827 6827 6827 6327 6827 £827 6827 5827 6827 6827 6827
B 147 151 152 153 155 156 157 134 135 137 138 139 140 141 142
Si0n2 34.3C 54.60 £9.60 70.30 56440 546.30 55.1¢ 43.9C 45.40 §5.90 13.30 456,90 29.70 49.20 4£9.70
Ti02 1.2C 1.30 0.5C J.60 1.69 1.65 1.73 1.67 171 2.24 0.74 1.%8 0.53 1.89 1.95
Al203 12.40 14.40 13.70 13.80 13.90 14.90 14.10 12.2C 12.40 8.30 C4.98 13.50 4.36 13.20 - 13.80
Fe203 414 11.60 4.54 .66 12.70 12.50 13.10 12.90 11.70 3.30 6.30 12.70 6.60 12.30 12.90
FeO - - - . . n - - . . - . . - -
Mn0 0.26 0.18 0.07 0.07 0.18 0.18 0.19 0.18 0.18 5.15 0.37 0.20 0.22 0.17 0.15
430 2.2¢ 5.00 1.37 1.39 3.22 3.10 3.48 6.55 5.35 585 3.10 5.90 © 5.40 4.96 5.95
Ca0 22.50 B8.55 2.04 2.04 $5.75 7.90 6.75 8.95 9.20 13.460 35.30 $.70 23.10 7.45 4.98
Na20 1.87 ~2.40 2.56 4.00 3.33 3.15% 3.54 2.36 3.22 J. 31 0.07 3.28 0.05 3.22 3.50
K20 1.79 1.23 3.90 2.16 .45 0.50 0.45 G.16 0.21 0.09 0.40 0.2z 0.97 0.28 0.19
P205 0.15 0.10 .12 G.14 0.19 0.19 0.20 0.19 0.20 2.14 . . 0.13 0.21 0.09% 0.20 0.21
420+ - . . . . . . . . . . . . . .
‘120 - . - - . - - - . - - - - - -
o2 . . . . . . 3 . . . . . . . .
LOI 20.1C 1.1% 1.10 .67 0.5% 0.45 .39 11.00 10.30 13.20 29.20 $.90 26.30 7.55 690
101 100.¢6 $%.50 77.52 ¢%.38 99.92 99.53 100.1 99.37 196G.1 $92.89 99.49 99.53 100.4 100.2
TRACZ ZLSMENTS 1IN pPPH
Ag 1.0C 1.00 -1.40 ~1.96 -1.9¢C -1.0Q 1.50 2.00 1.00 1.3¢€ 1.90 -1.30 1.2 1.900 1.00
As . =2.3C ~2.3U -<.aC =2.50 -2.70 -2.90 ~2.30 -2.3C -2.9C -2.90 2.90 3.340 2.0 2.9C -2.00
iu 1.03C = -1.00 & 1548 2 -1.00 & £.2C 8 -1.00 B -1.00 & 1.50 & -1.390 & ~1.430 & -1.906 & -1.2C = -1.30 5 -1.00 B8 1.00
2a 53.00 120 57¢ L3I0 60.0C 75.00 75490 50.9C <5.0 13030 15.500 72.3C -10 150 70.00
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diamond coring DATE OF RUN 2/6 /20 LOCATION
CIRCULATION RECORDED BY N. Taylor
START 19/8/90  FINISK  3/6/20 FIRST READING (m) | ®37 G37 &37 ) &08 @37 ELEVATION -© m DATUM AHD
TOTAL DEPTH 6857 m LAST READING {m) o} ; 2 410 o (o] 410 LOGGED BY S. Barngtt DATE 13/8/90
B. Clough
DRILLED 8Y: Rockdril Contractors
R 3 - GAMMA
(= LITHOLOGY 3 go T L. DENSITY
a o =z = © 150 300 o
e ov < g L — L 4
4O [ AP
2lule W22 | 32 |E NEUTRON CALIPER e
Qlo|z DESCRIPTION gl = 0z & ° 2500 o 20
s Y ol 5 8 ray | e 1
cps cm
O-55m SAND: Palke oronge-
pink, well sorted ond fine grained
10-15m: Slightly clayey, mottled
dark orange
[/p]
0 15-468m: Weall sorted, fine fo
Z medium , becoming
w| « coorace balow 22m
4K Sub-roundad
Bl w
(g Oflw
L
<|dlo
alo
J
Q| 46-56m: Gravelly sand wifth
50 % shall Fragmants Y L - , - I
9 56-66m SILT: Pale grey-graaen,
oo g O | very shally and sandy
8%\ 0|2 | Slighty glouconitic
4l 0(9_]
wo x| 66-216 m LIMESTONE: Gray,
'Ed 29| very silty and glaueonitic.
Bin !:"f‘) FossilifFerous ond unconsolidated
[o] I
2 0 75-85m: Consclidatad fina |
2o groinad, pale gray limestone [
Slightly Fossiliferous I I"L—
85-212m: Mainly semi- L1 E
consolidated limestone as aobove, i )
pole gray to off-white Hl
W 1
Z I l [ 100 = : -
2 |
’_
) 18 i
&l |2 T
w2 1T
< A I
W, LTI
05 Y
-19]9 -
43| 0 SR
% . [ : [
g 9| V]
119 ¢ 1]
=]
a|a H150 - o —
1t T |
(19} - I
2 rvji
|
I }
[ : I
I T I
[ . I
T{‘_’E
|1 . 1]
I ] [
e 200
g> WM MY .
R Z Q A
CU az
Gg*m i 209-212m: Lignitic interval
£ Ok 212 - 216 m: Dk grey, very silty Imsf, -
O |0 fossilferous, becoming marty with T ?
— O — depth
il 3 216~ 226 m SAND: Dork grey, ver
8§*6’ % | Fine grained, well sorfud,%\ighrly Y
% Fa| Slouconitic ond fossiliferous
Q
Eg 226-30! m CLAY: Dark brown,
00| corbonacroous ond silty with fing
O | grainad sond intarbads.
[
% ==
.
é—) = 230 : - - -
L —
o
&
J I
g |a l
3| z01-327m SAND: siity, dork 300 -
e @ brown, fing to madium grained
& O No! well sorted
£l
4K
Ulo Y
0% |
0 4
— 2
s Z | 327-332m CLAY: Dork brown,
85_ W | carbonaceous, shiff
U"J 4
——
332-403m SAND: Medium ko
coarsa grainad, cleon
Not well sorted
350
8
5
B
<
B
£
¢
s S.P
-220 -20
L ]
mV
400,, - S - p R _— . —
170 195
403-58023m DIAMICTITE ¢ [ I
Light grey-green arkosic sandy Ohms
units with Frequent coorsely
graded matrix supported polymict
conglomerate horizons. o
Rounded clasts up fo 18em diom S
include gramite, diorite, bictita
schist, deid voleanics ele
Sandy . silty herizons occasionally
exhibit convoluted bedding and
ripple cross lamination
Corad interval: 417- 6357 m
450 - - — >
p4
0
F
< .
Z 2
2|8
PR .
04
Ll
o« 500
Z
q
04
2
550 e - ; ]
580-23-589m LIMESTONE: Pale
rey. mottled, slight breccation )
%‘ceq pyrita in Fnatrix. la— TO28 RS 24
Shear 25° to core axis
25
589-G02:6 m METABASALT: Dark [T TozeRe
Z gray o black, lomeratic, omygodoidal, T\ TO%BRS 2@
< greenschist meYamorphism and )
3 o?ccs»onol coleife veining, infilling voids
= 1% pyrite le0o
3 ©02:6-608-3m LIMESTONE : Pale = Toz8 RS 42
gray, mottled, slight brecciation, minor
a fUffacaous horizons. Traca pyrite |=—7028 RS 29
g 608.3-6121m METABASALT: Black 202888 3
porphyritic, agglomeratic, amygadoidal. | 7028 RS 32
! Graegnschist malamophism.
P4 Shear 40° lo cora axis.
<« 612:1-6l47m BLACK SHALE. T028RE
=~ c14-7-g18 m BASIC LAPILLI TUFF: 7028 RS 40
a 2 bedding ol 30°fo cora axis. 702828
<o Gi6-G24 I BLACK SHALE: With 7028 125 36
= pala green Fine gron ash horizons
< 1-2% pyrite lend  « 7028R8
O ©624-2- 630 7m METABASALT: Grey, “""% g
o plagiobasalt, agglomeratic. Ra=
Q | o 8357~ 6357 (ECH) METABASALT:
@ S Black, massive, magnetic 7028 RS 39
11 Q
ol
1)




DEPARTMENT OF MINES AND ENERGY - SOUTH AUSTRALIA
REGIONAL GEOLOGY BRANCH & GROUNDWATER - ENGINEERING DIVISION

KRINGIN 1

COMPOSITE WELL LOG

89 - 16

DRILLING DETAILS GEOPHYSICAL LOGS PROJECT MURRAY BASIN BASEMENT TRANSECT
ORILLING METHOD Rotary mud and TYPE OF LOG | GAMMA {NEUTI?ONLV SP {CALIPERIDENSlTY‘NoksM"AL NoSmAL FIELD No.  MBT-2  UNIT No. 70280025W00483
bottorn hole core. DATE OF RUN 1/5/90 LOCATION 35°00'S 140°48'E
CIRCULATION RECORDED BY B. Taylor .
START 21/4/90  FINISH . 2/5/90 FIRST READING (m)| 406 | 407 405 407 407 407 404 ELEVATION 87 m DATUM AHD
TOTAL DEPTH 409 - '
" " LAST READING (m) o 33 &3 o o &5 @5 LOGGED BY S. Bornalt DATE 20/2/90
L. Rankin
POINT RESISTIVITY : &3 - 405
DRILLED BY : SADME 'S ™
< 2’ ﬂ _ NEUTRON PR L. DENSITY 64" NORMAL
s LITHOLOGY S ) E 300 1200 170 120 400 o 10 100
<ot o s 5 it L ] L . J L J [ J
o 8 g @ cps Ohms cps am
[e) 5’ 3 b 3 T GAMMA SP CALIPER 16”7 NORMAL
x| wl ¥ ¥ D .n_. ° 135 75 200 10 20 10 100
e O |z DESCRIPTION = 82 ] L } L ! — ] L J
Ti<|> ol 5 & a cps mVolts cm Om
0-30m SAND: Fine grained,
silty . Pale orange - fown,”
subroundad
(2]
0
Z
Wi<q
gz (o
Gl
]
56 |2
<310 | 30-39m GRAVEL : Modarataly
a2 wel sorted, subrounded fo sub:
= | angular. Pale brown Qtz grains 2-3mm
0 f 39~ 46m SILT: Sandy, clayay.
Dark fawn, calcareous, micacoous
Shally 44-46m
4G-57m SILT: Dork grey-greaen,
b vary shelly, glauconitic , slightly L 50
w
O™ ¢ | sondy. Occasiono! carbonaceous
ooz Q | Fragmants . CORE 48-48.9m
16727 57-190 m LIMESTONE : Silty,
0| 0| pole grey and gloucenitic. Fine to
a g medium grained, fossiliferous
w|z
z|Qa
wilo
Qla
o |x
3|8
J | @
100
5 w
&« V4
‘% 0
},—
()]
w
w3
o|lZ]|3
gli|-
Elo
o]
o2 8
.' ' a
ilgl°
51¢
J
5| %
a -180
44
2
2
o é 120-200 m MARL : Silty, glouconitic| | T _Te
., | @ | &= Groy-graan, darkar with ‘depth, T+ T T
ola E‘* fossilifarous. CORE 128- 200 m. oT_
E 200-204 m LIGNITE: Block - 1200
brown, friable.
@D 204-224 m CLAY : Dark brown,
E carbonacaous, slightly sandy,
‘.E finaly micacecus
5 215-220m: Sandy
O
224-252m SAND: Maedium to
coarse grained, modarately well
sortaed, roundad.
g Slightly colcareous and
s fossilifarous
-
2
g
<
250
2 | 252- 339 m INTERBEDDED
1 0 SAND ond CLAY :
Lc.i w g Sond and clay as abova
gl z
AWy
ol 9|
0|«
glw|z
Ca" V4
w
3 a
b
(o]
&
5 300
%
=
@]
5
[on
<
359- 407-5m CLAY:
Weathared basement. Micaceous,
mottled grey and off-white
z|z % ]
w
E
Qs
2|35
0l a
o W
44
Ola
) 2
e
Zlo
o
[o]
o5
>k
< 2
4
oL
Qa z 4004+
Sle | &
€ N Fine to med
407-5-402m Fine to medium
4 ¢ grained quartz -Feldspar-bictite WL 7028 RS540
melosandstona Steep Foliation ~ 20°- EOH
30° fo core axis




c92-16

554

DRILLING DETAILS

DEPARTMENT OF MINES AND ENERGY - SOUTH
REGIONAL GEOLOGY BRANCH & GROUNDWATER - ENGINEERING DIVISION

BRIAKEN PARK 1

COMPOSITE WELL LOG

GEOPHYSICAL LOGS

AUSTRALIA

PROJECT MURRAY BASIN BASEMENT TRANSECT

DRILLING METHOD Rotary mud and TYPE OF LOG | GAMMA [NEUTRON‘ SP JCALIPER[DENSITY{ P.R. I FIELD No. ~ MBT-4 UNIT No. 7028003SWO0Q482
bottern hole coring DATE OF RUN 26/5/20 LOCATION 34°48's, 40°32'E
CIRCULATION ‘RECORDED BY N. Taylor
START B/5/90 FiisH  7/@/20 FIRST READING Im) | 455 | 457 458 458 458 458 ELEVATION 70 m DATUM AHD
TOTAL DEPTH 539 m [ o o A T ae T A
LAST READING (m)| O 22 <o ! ! N LOGGED BY  S. Barnelt DATE 21/9/90
DRILLED BY: Rockdril Confroctors
2 w NEUTRON P T
P LITHOLOGY 3 ) = o 260 3 R 53 250 DENSITY
< = @© 13 o]
o [T} b v - ! ) [ J L ]
3 g g @ cps N counts
4 o 2 | E GAMMA S.P. CALIPER
Elw E ul ¥ x 2 Elo o 40 5 25
e o=z DESCRIPTION &l = 8 z WL ) L ] L 1
(2|35 ol o & o cps o~ peee
-—
O-43m SAND: Red-orange,
o | fine grained and silty, stightly
0| clayey.
w2
B Z|6 16 - 40 m: Pale orange, medium —_—
Wl fo coarse grained, modarately
oo | Y well sorted, subroundoed
g 0 E Bacoming coarser with depth
1|9
a3
o
40-43 m: Silty coorse sand, dark
orange with abundant shell frogs
43-5!m SILT: Dark grey-greaen,
8,4 l; o shelly and glauconitic Clayay.
U I‘I)J A | CORE: 48-5m | =0 -
+ o4
[¢]
51 %] 51-187m LIMESTONE:
OI- . OFf-whita - pale gray, 30 % shell.
w (Z) Bryozeal fragmants. Fine grained
z
‘(‘)‘ (z) GG - 108 m: Predominantly
0|« coarsae groined , unconsolidatad
s 8 bryozoal Fragments
hY)
]
o]
o
Jd| @
ul I-100
p4
o}
F—
wi i
Z|z
wi;
(@]
& 0 a
1313 |
ol 0
o8
|09 [T
© | l I
J1 Below 140m : dorker grey and L
0|« sillier with some well“cemerted| | 1Y |
04 layers. 1
o 1 1m0l
> [
5 1
I
[ 1
I
1 _
atkmn
170-187 m: Less fossiliferous I
| =
[ 1
1
[ 1
T
O[X | 187-201m SILT: Dark gray- o —
o Q: graeen, shelly and gloucoenitic. —
j r‘!ll- Marly ::_@;_:
.| O | -] |
o = 200
>~ 201-208 m LIGNITE :
s] Block - dork brown, Friable.
|
208-241m INTERBEDDED
o CLAYS and SANDY CLAYS:
ol Dark brown carbonacaous cloys
g with Fine lo medium grained
(_é sondy clays.
O
O
84 241-251 m SAND: Dark brown,
< poorly sorted, medium to coarse
3 grained , subrounded. L 280
251-307m CLAYEY SAND:
As for 208-241 m.
"
o Q -
» 2
g1 |0
v
V]
Plu
B1Z|y
Cluly \
09|
O|>
Wiz
w 300
1%
. 307-309 m SAND: Madium ko /
:%)_, coarse grained as above
1 319-335m CLAYEY SAND:
As abova
g
e
g8
OH
i 335- 352m SAND: Bacoming
@ coarser grained with depth.
b=
g
i 350
o
-a
e
83
]
400 — E
z f
0 450
v 2 Dark groy,massive to leminated i‘ { ? /’J ;
shala
gp:
S|«
2|0
0|
Lt
Q
<4
Z
<
o
]
500
538- 539 m: Moltied red and greaen-
m ray polymict conglomaratic
b iomictite . Subrounded cobbles up
c 40 mm wida . Cobbles includae closks
3 of gronite, dolerite & matasadimant.
@ 550
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DRILLING DETAILS

DEPARTMENT OF MINES AND

ENERGY - SCUTH

AUSTRALIA

REGIONAL GEOLOGY BRANCH & GROUNDWATER - ENGINEERING DIVISION

GEOPHYSICAL

WIRHA SOUTH 1
COMPOSITE WELL LOG

LOGS

PROJECT MURRAY BASIN BASEMENT TRANSECT

DRILLING METHOD
bottorn hole core

CIRCULATION

START 29/3/90 FINISH

TOTAL DEPTH 332

Rotary mud and

n/a/s0

m

TYPE OF LOG

GAMMA

T

lNEUTRONJ SP JCALIPERJDENSlTYl P.R. [

DATE OF RUN

10/4/20

MBT -5
as° o8’ s

FIELD No.
LOCATION

UNIT No.
140° 31'E

7027004SWO0G4)

RECORDED BY

B.P. Taylor

FIRST READING {m)

33 333 | 3al 333 | 326

ELEVATION 20 m DATUM AHD

LAST READING {m)

331 ;
3 i c7 1 1 42

LOGGED BY . S. Barnelt DATE 26/9/90

DRILLED BY: SADME

L.. Rankin

LITHOLOGY

(m)

HYDRO DATA
AGE

DESCRIPTION

CORE

LITHOLOGICAL
LOG
ROCK SAMPLE
NUMBERS

DEPTH

NEUTRON
o

L J L

cps
GAMMA

IOIO 1'l20

Obhm
CALIPER

150 2'00l

DENSITY

20 nme
—

GAPL

cps

O-56m SAND: Dark red-brown,
Fine grainad, silty.

QUAT.

G- 1I0OmM: Pale red-brown, fine fo
madium grained

10~ 38m: Pale orange, subrounded,
well sorted, coorse grained
20-23m: Mottled Fawn - orange
clayey sand

38-56m: Fine graval as abova

PLIOCENE
PLIOCENE SANDS WIORIWNEN| ynjT

56-59m SILT: Pole orange-brown,
shelly, sandy
59-83m CLAY: Dark grey-grean,

Aaquifer

glauconitic, abundant coarsa shell
fragmants and rounded brown limonihe
graing. CORE 801 1o 63-1m
G3-185m LIMESTONE : OFf-white,
semi - consolidated, Fine grained

ond Fossiliferous.

@5-100m : Mostly coarse graned
unconsolidaled bryozoal Fragments

LATE MIO-
PLIOCENE
BOOKPURNONG

BEDS

GROUP LIMESTONE

OLIGO - MIOCENE

150-184 m: Pola grey in colour

MURRAY

1864 -177m: Grey, Fine grained,
slightly glauconitic. Seme wall
camanted loyers. Siltier below 17im,
CORE: 164 ho 200 m

177-185m: Gray- grqon,glcuconihc,
Darker and siltiar with dapth
Sorme shelly layers

Laovar

OLIGOCENE
cmp'ronl ETTRICK,

185-198 m MARL: Dark grey-green,
Finely fossiliferous. Fing silb
laminations with minor
corbonacaous interbeds

FM

198-202m SAND: Grey, sub-
rounded and peorly sortad. Fine to
coarse grainad. Occosional glauconita
pyritic nodules and carbonacaecus

CONGL.

l Con
Loryar

Aquifar

Canfining Layer

Aquifer l

fragmants. Slightly fossiliferous
zo% -219m CLAY: Dork brown-
black, carbonaceous

214- 218 m: Soft white ?limestona

219- 247 m SAND: Medium to
coorse grained, subrounded to
rounded, dark brown

Clear guartz grains

247-223 m CLAY: Sandy
interbads as abova

EOCENE
RENMARK GROUP

293-3068m SAND: As abova

2unbi 4

e

306-329 m CLAY: Waathered
basement, white cloy with angular
smoky guartz groins and black
biohte flakes

329-332m GRANITE: Gray,
fine to medium grainad

? CAMBRIAN
ORDOVICIAN

E.OH. 332m.

— 50

100

P~ e

e b b b e

—

-130

|

;2001

2507

300

-— 7027 RS1
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DRILLING DETAILS

DEPARTMENT OF MINES AND ENERGY - SOUTH AUSTRALIA
REGIONAL GEOLOGY BRANCH 8 GROUNDWATER - ENGINEERING DIVISION

TORI HILLS 1

COMPOSITE WELL LOG

GEOPHYSICAL LOGS

PROJECT MURRAY BASIN BASEMENT TRANSECT

ORILLING METHOD  Rokary mud and TYPE OF LOG | GAMMA \NEUTRQN[ sP ]CALleRlnENsnY[ 17 - FIELD No. MBT-& UNIT No. &927004SWO0G35
bofttom hole coring DATE OF RUN 29/6/90 LOCATION . 35°04°'s 140°14'E
CIRCULATION RECORDED BY B.Toylor
START 24/@/90. FNISH  28/G/20 FIRST READING (m) | 251 o ELEVATION 72 m DATUM  AHD
TOTAL DEPTH 2806 m 4 1
LAST READING (m) o} LOGGED BY  S. Barnett DATE 22/9/20
L. Ronkin
DRILLED BY: Rockdril Controclors
| W
= LITHOLOGY § ig - GAMMA
g (4] > w -~
oV [ o o 50
o a9 “s z L |
x|, wl § X D GAPI
olo|z DESCRIPTION g = 9z &
x|<(> el 3 o
©~47m SAND: Pale orange, fine
O grained and silty to 18m.
a]
2
Wl —
Z
3 ] 24-33 m: Medium to coorse
o Ej grained, poorly sorted. Silty with
= depth
o~ 8 33-47m: Fine fo madium grainad
a 3 sand o8 above.
a
47-165 m LIMESTONE : Off-white
fossiliferous, very silty. Fine |50 I
grained and semiconsolidated
w
5| |6
Gl 1k
8‘ il | W
<|z|z
ul| 4
O
Ola
< |2
38
o 100 -
0
o
a0 >
<
o 44
a
]
|
2 1
|
] I
|
]
I
|
& 148-185m: Gray-graen, T
w|2 gloucoenitic and silty limastone ¥
8 Z | os above - '
g wiy + | - 150 -
Jlele - |
0| @ ]
o3| E - 17
E‘ oW [~
b 1€5-173 m CLAY: Dark brown-
Lg black, carbonaceous. Slightly
O colcareous
] 173- 210m SAND: Black, poorly
sorted, Fine to coorse grained.
Rounded quartz grains
185 - 206 m : Medium grained,
o clean well sorted sand
&
2
@
o
3 200} - ,,
8 20G-210m: Coarse grained
Wl o sand os cbovae
Z 210- 250 m CLAY: Dark brown
8 ¥ | and sandy (fine grained)
V4
0|«
w2
Zz
w
04
250-260-@ m: Madium o coarse 250 ' ) o
o 4 | greined pink gray granite to [+ @227 RSN
©® (-8 4z| gronodiorite. Cecasional le—go27R8 12
=15 a( intermadiate fo mafic xenoliths [ GB27 RS 13
| ®0] up o 8em long
=] k9 55 -
(o] 0§
o
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DEPARTMENT OF MINES AND

ENERGY - SOUTH

AUSTRALIA

REGIONAL GEOLOGY BRANCH 8 GROUNDWATER - ENGINEERING DIVISION

PEAKE

1

COMPOSITE WELL LOG

DRILLING DETAILS GEOPHYSICAL LOGS PROJECT MURRAY BASIN BASEMENT TRANSECT
DRILLING METHOD Rotary mud and TYPE OF LOG | GAMMA iNEUTRON[ SP lCALIPERIDENSlTYl [ FIELD No. MBT-1I UNIT Nt’l 68270025W01634
- . — , o
bottorn hole coring DATE OF RUN c/6/20 LOCATION = 35°21' S 139° b4 E
CIRCULATION RECORDED BY N.Toylor
START . 4/8/90 FINISH  14/6/90 FIRST READING (m) | 186 187 ELEVATION 15 m DATUM AHD
ToraL oeerw ®7 ¢ LAST REAOING (m)] © 2 LOGGED BY  S. Barnelt / DATE 27/9/90
B. Clough
DRILLED BY: Rockdril Controclors
- w
= LITHOLOGY 3 go | E GAMMA NEUTRON
3 ® = | E
oL xa 2] 30 50 150
o 49 3 T L i) L ]
& - wl € x> ~
& lw|E wl I %3 o cps cps
Sle |z DESCRIPTION S| b ]
x|9|> el I & Q
O-4m CALCRETE: OFF-white, - : T
> | nedular, vary hard to 4m. I
L | 4-@7m LIMESTONE: Off-white, 1 {
W with dark pink layers. |
EJ X | Fine grained | | g
——
8 § 14-35m: Pole oranga, —?J—r
|z unconsolidated, very” fine grainad I
(2N and slightly Fossiliferous [ ]
w2 I £,
=~ (8 -
Q S ; [®
- 35-87m: Dark fawn, mora
u lg glauconitic, abundant fine I
E < caleite rhombs [ |
0 la rl
0o K3 50
3> [ T
1 & I
(o} I
0|y |
. P
o|z l
G7-172m SAND : Dark brown,very
fine grained with occasional -y
glauconitic grains. Slightly
fossiliferous. Some black
carbonaceous fragments prasant. <
" Bacoming siltier with depth.
(8
5
g —
95-128 m: Up lo 50% she!l and -100 S
bryozoal fragmants, medium
0 lo coarse groinad, ofF-white
8]
ul
oo
W
P4
w T ) :
o O 128-162 m: Silty sand as For
[o] G7 to 85m with shelly bed
w a 1470 153 m
).
Q
O
2
o
150
162-172m: Dork brown - black
ligniric silty sond
172-17%5 m: Weathared basamaent p
175-185m: Gray massivq, med-grained N /\ -~ @827 RS127
1 glclgio;:lcfﬂq-pyrgx:no-chmrq rnq,:rc— /\ v,
e. Minor dissemina rite N -
i% noralisation Common thin Raicita N/ ) o e-eszIRs 128
ED veins ::442”01'%13;0 axis. Becomes Finer v v\
- gr’cnna low v -
©> | ig5-188m: Fine grained gray albitile | Faarrd ~ o
n |29 Abundant dissaeminatad pyrite
= |40 mineralisation. Minor Cu staining en
(-8 (34 fractura surfacas v
B (\,o Contact with overlying metadolerite
Q is sharp ond irregular | 200
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DEPARTMENT OF MINES AND ENERGY - SOUTH AUSTRALIA
REGIONAL GEOLOGY BRANCH & GROUNDWATER - ENGINEERING DIVISION

CARINGA 1

COMPOSITE WELL LOG

DRILLING DETAILS GEOPHYSICAL LOGS PROJECT MURRAY BASIN BASEMENT TRANSECT

DRILLING METHOD Rotary mud+diamend TYPE OF LOG GAMMA [NEUTRON’ SP [cmpsn[nsnsnv[ susc ‘ FIELD No. MBT-12 UNIT No. ©827001SWOI833
Coring DATE OF RUN N. Taylor LOCATION 35°09’' &  139°46  E

CIRCULATION RECORDED BY 21/ 3/90

START 7/3/90 FINISH _ 23/3/20 FIRST READING (m1 | 304 200 g e ELEVATION - i arom
TOTAL DEPTH . 3085 . m e
LAST READING {m) o 58 o 1 196 LOGGED BY s Barnalt DATE a/s/00
. Rankin

DRILLED BY: Rockdril Contractors

NEUTRON SHORT SPACED DENSITY

5° it € 4 % SUSCEPTIBILITY
GAMMA °pe CALIPER LONG DENSITY 5, , ,  =o
SI

LITHOLOGY

{m)
—Q

NUMBERS

DESCRIPTION

1 | L i I !

HYDRO DATA
CORE
LITHOLOGICAL
LOG

ROCK SAMPLE
DEPTH

5]

g

~0
8

AGE
UNIT

~12m SAND: Red-brown and
silty. Fine gramnad Clayay

T_,—‘;

SANDS

12-40m SAND: Yallow-~brown,
calcoreous, fine grained sond
Sqmi- consolidatad

PLIOCENE

PLIOCENE

40-127m LIMESTONE: Pale fawn, I
fine graned, sll?hﬂy fossiliferous I
Semi- consolida

I
1 - 50
I

Aquifer

OLIGO - MIOCENE

GROUP LIMESTONE

80-20m: Light aray, sllqth [
gvcucomhc

20-98 m: More iron-stainad fossi!
Fr‘cqmonl‘s, orange in colour @

MURRAY

98- 104 m: Pale olive-grean, T F100

EOCENE
BUCCLEUCH BREDS

Confined Aquifar | Confinng Layar

el -6

foliated 6 ~15°)
1963 - 198 m : Waatheraed
amphibolife, abundant green clay,
minor carbonale vaeining.” Madium
groined hornblande - actineclite +
plagioclasa + chlorite, minor ~'\
disseminated opaques, including !, 7 leresm
pyrite. Minor discordant pyrite ARV
vains up o 3mm wida -

Interpratad as metadolerite

242-4 m: 3cm vain of coarsae RS 112
grained caleite + chlorite + 10%

pyrite. Vein ©~456°

~RS U3 | 280

ORDOVICIAN

’
\ _}—PRsI4
/|

amphibole-chiorite schist grading inko
fing-grained omphibolite infruding \ |l.-rsi2e
mad- grcmed amphibolite. Contacls 1 TSRS 123,124, 180
rypically steap and schist has under-
qona infensa shaaring clong
Confocts, producing on infense

\ Ve
'
289-300-6 m: Complax zone of Ny
N
N

>
roRe B
@ "/RS ns

|
RS 7,732 L 8
[E=pawe —Rp 132
__)/i RS 1iB 300

+— RS 120

? CAMBRIAN —

glauconitic, fine grained B
Semi-consolidatad. r
104 - 114 m: Unconsolidated, medium |
grained, pale green and orange
Fossiliferous _L(?_L4
N4 -127 m: Orange, siithy I
micaceous, fine grcinqd and . - I
silty. Sandy toward bosa JVI R -
127-136m SILT: Black, carbonaceous| [~ 1.1
Lignitic ot tep, scndZ with clay ‘h
inferbeds Slnthy oss:l»quous T
CORE 1371 —181-6m —
135-154 m CLAY : Dark chocolate
brown and carbonacecus. Finaly
laminafed with silty intercelations
Bioturbation present. Glauconitic
shelly ond brz;:zool layer al bose
154 - l5'7m LIMESTONE: Strongly D L1%0
cemented pink /grey medium grainad 3
for top 30ecm, than mad /coorsa semi-
consolldcf'ad fawn grey fossiliferous .
157-181 m SAND: Dork brown/black,
carbonaceous silty sond, non-
laminatad, vary fine graired N
181-196 m CLAY: Groy-green,
black silt and minor pyrita”
Waathared basemant
196:3- 309 m AMPHIBOLITE: N Negrs 28 po 8
Medium grained, grey-green, waakly -\ 200

NN

foliation . Minor xgnoliths of protom- A
ylonitic qmnl)‘Old are included in the //{
schistose mofic phase and are y;
intruded by the mafic phase. Minor [l
veins and pods of pyrite A%
300-8m: Graduation from Ffing-

grained amphibole - chierite schist

info fine to madium-grained

amphibolite

ECH 308:5m
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DRILLING DETAILS

DEPARTMENT OF MINES AND ENERGY - SOUTH AUSTRALIA
REGIONAL GEOLOGY BRANCH & GROUNDWATER - ENGINEERING DIVISION

WYNARKA

]

COMPOSITE WELL LOG

GEOPHYSICAL LOGS

PROJECT MURRAY BASIN BASEMENT TRANSECT

vL-16

ORILLING METHOD Rotary mud and TYPE OF LOG | GAMMA }NEUTRON[ sP ICALIPER[DENSITY] FIELD No. MBT-14.  UNIT No. @827004SW01832
A o ; o’
bottorn . hole coring DATE OF RUN 19 /6/ 90 LOCATION 35°08'S 139° 43" E
CIRCULATION RECORDED BY N.Tc\/lor
START . 18/@jeo  FINISH ... 12/a/e0 FIRST READING (m) | 193 | 188 ELEVATION 72 m DATUM  AHD
TOTAL DEPTH 1285 m T
LAST READING (m!| O &7 LOGGED BY  S.Bornatt/ DATE 30/9/20
L. Ronkin
DRILLED BY: Rockdril Controclors
< - 4
g LITHOLOGY S ze | ¢ GAMMA NEUTRON
o [ W —
o v g o o 50 150
o = S 3 x L ] 1 j
Elwik wl ¥ x 2 & GaPT
s ©olz DESCRIPTION & = 8 z w
(<> s & o
O-18m CLAYEY SAND:
2]
0
W)
Z|w
Wi,| ®-42m sSAND: NOTE: No cuthng samples
Olz obtoined. Geological log
o|u inferred from ?czophysics
J|o and neorby drillholes
0d
o
42-128-5m LIMESTONE: lI
- 6o | -
w 1
3 1
o I
[ H
u
w2 2
1IN -
o =
Y 0 o ]
g 2|2 r
|20 | P
! I
o I
0% I
=
Jdnx lT
Ol T F100+— -
2 I =
[e
T =
l_
— - I_
Becoming more silty and l—_[ 'i'
marly toward base =
o I |128-5-145m CLAY: Dark brown,
E& u 8 carbonaceous
ke 2 mm
‘Eg w48
o 8 Yo
o ul |2 | 45-152m LIMESTONE:
g ® | Cementad layers, with fossiliferous | L1so —-
semi-congolidated layers. i
152 -168-4 m CLAY : Weathered
basament
168-4- 172-8 m: Madium d T SezIRS U7
amphibolite Abundorlutr) cagggvl'\r:quo replace- / "_“Z;:: }:g
mant. Becomas finer grained downhole “R<§827r8 120
172-8- 173 m: Medium grained grano- /[N 8827 RS 161
digrita. Contacts ~ 30° to cora oxis + | ~@827RS 152
173 -173-7m: Fine grnd amphibolite. S carns 4
173-7-174-3m: Med. grnd gronadiorita. P I*g..z-, jres
174-3-175.1 m: Med §rnd Bmphibolite PSRN -+ L11- 31+
1751 -181-4 m: Med. grnd granodiorite. s\ I'(
181-:4-195 m: Fina graingd NN .
amphibelite, grading down-hole info 71 L~ /[ S82IRS 158 =
n medium fo coarse dgrained A TEIAS
w0 amphibolite. Norrow pyrite veins at 4 N\'Z f}u-e827RS 157
c 182 6m ‘
© L2004
@
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DRILLING DETAILS

DEPARTMENT OF MINES AND ENERGY - SOUTH AUSTRALIA
REGIONAL GEOLOGY BRANCH & GROUNDWATER - ENGINEERING DIVISION

WYNARKA 2

COMPOSITE WELL LOG

GEOPHYSICAL LOGS

PROJECT MURRAY BASIN BASEMENT TRANSECT

ORILLING METHOD Rotary mud and TYPE OF LOG | GAMMA INEUTRON} SP ]CAUPER[DENSITYL l FIELD No. MBT-15  UNIT No. 6827004SWOI83!
. o T [} ] 2
bottom  hole cormng DATE OF RUN 23/@/20 LOCATION 35°09'S8 139° 38 E
CIRCULATION RECORDED BY B. Trcoeor'
START 20/G/20  FiNISK  23/8/20 FIRST READING (m) | 186 | 187 ELEVATION 7 0m DATUM  AHD
TOTAL DEPTH 188
i LAST READING (m) | © 67 LOGGED BY S, Barnott DATE 28/9/20
L. Rankin
DRILLED By: Rockdril Controclors
< 2 o
= LITHOLOGY o ie | E GAMMA NEUTRON
[=] (L] © z w ~—
° 98 w3 | o 70 100 200
ole|z DESCRIPTION &l gz v GAP cps
T|<|> Cl a -3 o
0 -39m SAND: Pale oronge, silty,
Ol Fine rained
3| Signf
E ighfly micacacus
vla
W w 16-18m: Medium -coorse grainad
8 l—ﬁ NOTE: No samples betweaen
3 O 18:Om and 1862m. Log
a g inferred from gaophysice
a ond nearby drillholes.
w 20-94 m LIMESTONE
8
b
[ - 4
€lylw so
W
oz S
uJ =
g ol-
ola
2|0
o
V1o
o]
o l
Jly
Ol w [ 1 3
) Te
b3 L1 X
l I
83 94-122 m CLAY : Carbonaceous,
Ug with interbedded sands and /or
= I cemented limestone 100 -
y 8
Z
| |48
&GO oW
5 O |Om]
oWz
« ]
[
122-1662m CLAY - =
Weathaerad basemeaent
Z
<
1
2
(o]
(e}
14 F150 1+— —
(o)
!
4
g
44 166:2-187-7m Altered and carbonate
1] replaced oamphibolite (? metadolerita ), - G827 15 134
> Abundant calcite veins and disseminated
g e Pepein
172:6-174-6 m: Fault Q conk >
© tecfonic brczcg’o cﬁ:usrszgrr:d shgc?rlggs [=Te827RS 137
[o8 bands of amphiboelite ond chlorite schist
vzwhm cgcg%on;:te matrix. . 6827RS 138
ong ~ -30° to core axis
181:7 - 182:4 m: Minor breccia zone :ggg;gi ]:1?
with abundent corbonatle ha—GB27 RS 142
Zoene ~ 30° to core axis. l—GB27RS 143
U
Q0
[+
8
2001
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Figure... 1B }
’\L DEPARTMENT OF MINES AND ENERGY COMPILED
g SOUTH AUSTRALIA |BClough| 5o  pamw
MURRAY BASIN BASEMENT TRANSECT an lseae  —
PEEBlNGA ] ] 'D'A’TE PLAN NUMEBER
METABASALTS & METASEDIMENTS, MAJOR |un. 1991 DIOD"
ELEMENT TRENDS seee | S 21927
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Na,0 + K,0 (%)

a)

Na,O + K0 (%)

c)

16-0
/
] / !
/ |
/ 1
12:0 - / |
' |
/ \ |
. 7\ i
/ \ :
- / \  Trachyte |
. \
Basaltic &/ \ I
- Trachyandesite \ !
Y / \\ Trachy- }
8:0— \ \ andesite _4  Rhyolite
Trachy- \ v T 0
7 basalt 7\ \ 4 % \
/N \ e n\E
. x \ N7 : u\ ©
\\ ///Al' ' \\
4 Tephrite/ £————- owg | | o \
Basanite ! ! | I \
4.0 — LI A \
a | . @ | \
| Bx ™ { a D; = I \
- w o TEE ey @ | pacite \
| Basalt | 5 | B | \
_ i 188! < | \
!
| Ry : A
o) | I 1 | \
| I \
I S ] :
Y T T T T
35 44 53 62 7
SiOg2 (%)

Classification of volcanic rocks (La Bas et al, 1986)

80

16 0
12:8 7 Alkaline Series
96 KUNO (1966)
/"‘/”
MACDONALD T
(1968) I s u
64 7 o}
//
Vd
j/lo n
A I a
L a A
A a4 {l oD
32 - a0 J L N}
//
Ve .
g Sub- alkaline
7 Series
//
0 T T T T
35 43 51 59 67
8102 (o/o)

75

Alkali/ sub-alkali discrimination boundaries of

MacDonald (1968) ond Kuno (1966).

- \
B \
- \
\
] \
. \
\
. \
s Rhyolite \\
° ~— //X\\ Trachyte
. 010 S~ /TS
o 3 Rhyodacite /Dacite \I( N
Q N ~~ . ! A
5 i e } Trachyandesite ~~———
] IR > SR
X = TNl ! “ /
™ ] Andesite  TT~—— - : TN /
O %0 A N/
e I e Y
}— ——————— / 1 |
- ool - s A !
~ . Andesite / Basalt / '
L ] o /7 | a8 | Basanite
%__.——/ | a i
N 1 ) A |
§ | Alkali
. I
] Sub - alkali Basalt I Basalt |
[m] 1 !
] ' |
I !
i |
o T T T 1 17T ll T H T T T l' T T 1 LA
001 010 1-0 100

Nb/Y

b) Classification of volcanic rocks (Winchestaer & Floyd, 1977)

LEGEND

& Paebinga 1

O Peaoke 1

L SUU Caringa |

g.......Wynarka |

X . Wynarka 2

s Wirha South 1

o ... Tori Hills 1

Figure... 16
== Sy kil 00 O A
MURRAY BASIN BASEMENT TRANSECT MR lseae  —

CHEMICAL CLASSIFICATION PLOTS N

FOR ALL SAMPLES CHECKED o1-76
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— ' E @ RS 120
g\j 19 %. 160 —
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<
15 * o 80
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o RS 120
13 1 1 I 40 T T T
48 50 52 54 56 48 50 52 54 56
Si0, (%) Si0, (%)
Fe, 0,
® ... Meladolerites
} X........Felsic xenoliths
Na,0 + K,0 MgO
Figure ... 17
é",’g DEPARTMENT OF MINES AND ENERGY (OMPILED
A% SOUTH AUSTRALIA B.Clough (oo Dpam
MURRAY BASIN BASEMENT TRANSECT DM”;“ coate —
CA RI NGA ] DATE PLAN NUMBER
Jan. 1991
. MAJOR AND TRACE ELEMENT TRENDS CHECKED S 21928




Anomalous

/ granites
g oo e A\
.éo °Q / T ll-
S / Granodiorites and /°  w Diorit
7/ quartz diorites / torites
. — 1 TR 1 ) 1
Ba Sr

Rb

L d

e Wirha South 1

Ccringc 1
Wynarka 1

Figure...18

=) =—— CARTVMENT OF MINESANDENERGY [ OEEOT
MURRAY BASIN BASEMENT TRANSECT °:A‘g" scale  —

GRANITIC UNITS - TRACE ELEMENT Jam 1681 PLAN NUMBER

3 CLASSIFICATION AND TRENDS Tecken ] S 21929




Fe, 04

Na,0 + K,0 MgO
.
e ... Metadolerites
X ....... Felsic intrusive
Figure ... 19
:’Q‘L DEPARTMENT OF MINES AND ENERGY COMPILED
A\ W) SOUTH AUSTRALIA B.Clough cbo DATE
MURRAY BASIN BASEMENT TRANSECT ORAWN 1l scate —
M.R.
WYN A RK A ] DATE PLAN NUMBER

Jan. 1991

MAJOR ELEMENT TRENDS-AFM PLOT CHECKED S 21930
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Na,0 + K,0 MgO
4000
...p(ZQbinSCl 1
3000 |-
.......... Wirha South 1
E & Tori Hills 1
Q “ee e
2 000 |
s | e, ... Peaka 1
m a
......... Ccrinac 1
1000 |
A ..Wynarka 1
a oo & - Wynarka 2
0 X -xx!. %n : n ¥ X0
40 50 60 70 80
SiO2 (%)
Figure ... 20
%’E DEPARTMENT OF MINES AND ENERGY COMPILED
ey £ SOUTH AUSTRALIA B.Clough coo__ oate
MURRAY BASIN BASEMENT TRANSECT MR [seme  —
MAJOR AND TRACE ELEMENT TRENDS Ja:flrggl PLAN NUMBER
FOR ALL SAMPLES CRECKED S 21931
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R T e

Ti/ 100

Low K Tholeiites

Mid-ocean ridge basalf

... Cale-alkali basait

Yx3

..Within-plofe basalt

A Peebinga 1
o....Peake 1
o........Ccr-ingc 1
a.....Wynarka |
X...... Wynarka 2

a) Discrimination plot of Pearce and Cann (1973)

Nbx 2

AI AT

AL,C..

Zr/4 Y

b) Discrimination plot of Meschede (1986)

Cc,D..

wore Within-plate  tholeiite

Plume- type mid-ocean
..... ridge basalt.

Normal-type mid-oceaon
...... ridge basall.

.....Noleanic arc basalt

Figure.... 21
:7‘,’ DEPARTMENT OF MINES AND ENERGY COMPILED
g SOUTH AUSTRALIA B.Clough cDo DATE
MURRAY BASIN BASEMENT TRANSECT D’;A“,;“ scale —
TECTONIC CHEMICAL DISCRIMINATION PLOTS Jan 1501 PLAN NUMBER
FOR ALL MAFIC SAMPLES CHECKED S 21932




Ti/ 100

A+B.. ..
\ B+C.. ..
D...

.. Within- plale basalt

Zr Yx3

Low K tholeiites
Mid-ocean ridge basall
Colc-alkali basalt

Mt Rufus |
o.....(Truro Volccmics)

Easltern MF LoFl'y chgas

( mefadolerites and
X...... ..cmph«bohkzs).

a) Discrimation plot of Pearce ond Cann (1973)
Eastern Mt Lofty Ranges data from Liu and Parker (12920)

Ml Rufus 1 data from Gatchouse ¢t al.

Ti/ 100

Zr Yx3

(1991)

..Low K tholeiitas

...Mid-ocean ridge bosalf

Cale-alkali basolt

...Within-plale basalt

Cale-alkali andesites
o.....Mt Stavely Belt)

Boninites ( Heathcole &
... Mt WQ,llinsl’on Bells)

Low Ti andesites
A (Mt Stavely ond
....... Heathcote ‘Balts )

Tholeiites ( Heatheole
e M Wellington Belts )

b) Discrimination plot of Pearce and Cann (1973)

Data from Crawford (1288)
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Figure ... 22

(I e =3 I
MURRAY BASIN BASEMENT TRANSECT ";‘l“g“ SCALE  ——

TECTONIC CHEMICAL DISCRIMINATION PLOTS Jaﬁf‘,’gm PLAN NUMBER

SAMPLES FROM ASSOCIATED PROVINCES CHECKED S 21933
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b)

Nanyah metabasics data from Preiss and Rodke (1989)
Yumali / Coonalpyn metabasics data from CSR (1986)

Eastern Mt Lofty Ranges melabasics dafo from Lin and Parker (1990)
Mt Rufus 1 data from Gatehousa et al. (1991)

80
LEGEND (Figs 23q,c) 6a
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c) Data from Crawford (1988)
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d) As for Fig. 23b
- Figure .. 23
g&’g DEPARTMENT OF MINES AND ENERGY COMPILED wC  72-2-9(
\ SOUTH AUSTRALIA B.Clough cpo DATE
MURRAY BASIN BASEMENT TRANSECT e |scae —

PROVINCES WITH VICTORIAN GREENSTONE BELTS

COMPARISON OF MAJOR ELEMENT TRENDS FROM DaTE
MURRAY BASIN BASEMENT & ASSOCIATED

Jan. 1991

PLAN NUMBER

CHECKED
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Figure ... 24
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T1/100

Zr

Yx 3

a) Discrimation plor of Paarce and Cann ( 1973)

T1/100

Zr

Yx 3

c) Discrimination plot of Pearce and Cann (1273)

A+B .. . . . Low K tholaiites
B... ... Mid- ocean ridge basalf
B+C. .. .. Cale-alkeli basalt
D........ Within -plate basalt

TiO2 (o/o )

Nb x 2

..Within - plate alkali basalt.

Within - plate tholeiite.

plqu—l‘\/pQ mid-ocean
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..ridge basalt.
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Figure .. 25
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A\ / SOUTH AUSTRALIA B Clough coo DATE
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COMPARISON OF MAJOR AND TRACE BaTe FUAN NUMBER
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92 e.nbiy

LOCALITY

i
l SOUTH
!l AUSTRALIA
!
v! “3}

kilometres

TERTIARY

Fluviatile o marine sand, clay,
silt and limeslione of the Murray,
Otway and St Vincent Basins.
Fluviatile sediments of the
Willochra and Walloway Basins.

CRETACEOQOUS

Fluviatile sand, silf and CIOY of the
Berri Embayment. Fluviatile to
marine sedimaents of the Otwa
Basin. Subsurface basin limifs shown.

PERMIAN

Glacigene diamictite, conglomarate,
shale] sandslone, ond siltstona within
the Nadda and Troubridge Basins.
Isolaled occurrences in tha Padthaway
Ridge area arg not shown.

Basin limits shown.

eocssrsese
®s0ccscese

DEVONIAN

Fluviatile te lecustring sandstone,
sillstone ond shale within the
Darling Basin (Renmark Trough)
Basin Timits shown.

T

|
|

|
|

|
|

|

ORDOVICIAN - CAMBRIAN

Gabbro, norite and diorite plugs.

gssocialted ‘with Pa

thaway

CAMBRIAN

| sandstone and mafic volcanics.

NEOPROTEROZQIC

N\

MESOPROTEROZOIC

X X X X
X X X
X X X X

Hitaba Suite equivalent SronirQ.

PALAEQOPROTEROZQIC

S oSS
S S S

in the Mount Lofty Ranges Inliers,

6.- 16

Includes Black Hill gabbro-norite complex.

138°

o°

4
32°

Syn and post Delamerian Orogeny granifoids.
Minor porphyritic rhgohl“cz— rh%odccitcz (V)
idge area granitoids.

WILLYAMA SUPERGROUP and equivalents

WILLOCHRA

Known & inferpreted exftent of Early Palacozoic mafic
volecanics, metadolerite and amphibolife, plus associated
sediments. includes probable Normanville Group, Kanmantoe
Group and Mount Staveley Volcanic Complex equivalents.

NORMANVILLE GROUP: Maring shelf to basinal carbonate, minor

KANMANTOO GROUP: Deeper marine lithic melasendsltene, phyllife,
schist, gnaiss, minor calesilicate, marble and quartz conglomczro <.

ADELAIDEAN: Sadiments and voleanics of the Adelaide Geosyneline.

A
imil"or(l’ Bczrr'x/

Embayment

50 100
] |

Metasediments , métavoldanics ond orthognelss.

REGIONAL STRATO -TECTONIC ELEMENTS
OF SOUTHEAST SOUTH AUSTRALIA

kilometres

IRV A . Vs

f////./'/./‘//./'f
S LSS NS
< N{fffffff//

‘///ff./'//
S S S A,

oo

Mount
Gambier e

34°
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