= :250 000  SI55-7

2 EXPLANATORY NOTES

— /- MINERAL

E_\\v'\"//-RESOURCEs

Geological Survey of New South Wales




Explanatory Notes

FORBES
1:250 000
GEOLOGICAL SHEET QQCAL 8¢,
\% AL
& LBRARY S
Z"glgg'_t_,m" {z 18 sepoomn D
2, <t &
AGSO Record 2000/20 N, S
Compiled and edited
by

P. Lyons, O.L. Raymond and M.B. Duggan

Contributing authors (affiliation at time work was undertaken)

L.M. Barron?, G. Burton?, R.A. Chan', P.M. Downes?, M.B. Duggan', D.L. Gibson',
M.T.C. Leys?, P. Lyons’, I.G. Percival?, O.L. Raymond', D.F. Robson?, M.M. Scott?,
L. Sherwin®, G.C. Young', D.A. Wallace', D. Wyborn'

! Australian Geological Survey Organisation, GPO Box 378, CANBERRA ACT 2601
¢ Geological Survey of New South Wales, PO Box 536, ST LEONARDS NSW 1590

Technical editor

R.A. Facer
AGSO
' ' ‘ I\ MINERAL
>/ W" RESOURCES
‘VJ Geological Survey of New South Wales

AUSTRALIAN
GEOLOGICAL SURVEY
CRCANISATION

Australian Geological Survey Organisation

Canberra



© Commonwealth of Australia 2000

This work is copyright. Apart from any fair dealings for the purposes of study, research, criticism, or review, as permitted
under the Copyright Act 1968, no part may be reproduced by any process without written permission. Copyright is the
responsibility of the Chief Executive Officer, Australian Geological Survey Organisation. Requests and enquiries should be
directed to the Chief Executive Officer, Australian Geological Survey Organisation, GPO Box 378, Canberra ACT 2601.

AGSO has tried to make the information in this product as accurate as possible. However, it does not guarantee that the
information is totally accurate or complete. Therefore, you should not rely solely on this information when making a
commercial decision.

ISSN 1039-0073
ISBN 0 642-39837-2

Australian Geological Survey Organisation
Dr Neil Williams, Chief Executive Officer
Department of Industry, Science & Resources

Senator the Hon. Nick Minchin, Minister for Industry, Science & Resources
The Hon. Warren Entsch MP, Parliamentary Secretary

Recommended method of citation: Reference to any contribution in this volume should be by the names of the appropriate
author, or authors, identified in the Table of Contents, as illustrated by the following example.

Raymond, O.L., 2000. Carawandool Volcanics. In Lyons, P., Raymond, O.L. & Duggan, M.B. (compiling editors) Forbes
1:250 000 Geological Sheet SI55-7, 2nd edition, Explanatory Notes. AGSO Record 2000/20, pp 82-89.

Cover design by Karin Weiss, AGSO



SUMMARY

The Forbes 1:250 000 map sheet area, which includes the towns of Forbes, Parkes, Grenfell, West Wyalong, and
Condobolin, lies towards the western edge of the exposed Palaeozoic rocks of the Lachlan Fold Belt in New
South Wales. Bedrock units range in age from Early Ordovician to late Tertiary (mid-Miocene). About 80% of
the map sheet area is covered by Cainozoic units. The use of high quality geophysical datasets is invaluable in
interpreting the geology.

The oldest rocks are the poorly exposed Early Ordovician Nelungaloo Volcanics and the Yarrimbah Formation,
which crop out in the core of the Forbes Anticline between Parkes and Bogan Gate. The Yarrimbah Formation
appears to unconformably overlie the Nelungaloo Volcanics, implying a hiatus before the onset of Middle
Ordovician volcanism, which exceeded 10 million years, giving rise to the widespread Middle to Late
Ordovician intermediate to mafic volcanic rocks and turbidites.

In the Forbes map sheet area, an Ordovician volcanic arc is represented by the Lake Cowal Volcanic Complex,
in the west, and the Northparkes Volcanic Group, north and west of Parkes and Forbes. Both units are part of a
volcanic belt extending from Junee, south of the map sheet area, to Nyngan, north of the map area. Gold and
copper mineralisation is associated with intrusive complexes, notably at Northparkes (just to the north of the
Forbes map sheet area) and the Lake Cowal area. The sediments of the Wagga and Girilambone Groups were
deposited in a marginal basin to the west, the Wagga Basin. Seafloor spreading in the Wagga Basin was
accompanied by extrusion of the Narragudgil Volcanics. Following splitting of the arc, or trench-rollback, and
the formation of a new arc to the east (the Molong Volcanic Belt, Bathurst and Dubbo 1:250 000 map sheet
areas), the Kirribilli Formation was deposited in the new basin formed between the arc fragments. The Jindalee
Group tholeiites were extruded during rifting and spreading of this intra-arc basin.

A belt of Alaskan-type ultramafic bodies, with associated PGE and Ni mineralisation, was emplaced west of the
Lake Cowal-Parkes arc during the middle Late Ordovician. Although the ultramafic units are better represented
in areas to the north, the Kars Ultramafic Intrusive Complex occurs partly within the Forbes map sheet area.

The marginal basins closed during the Late Ordovician to Early Silurian Benambran Orogeny, and the
associated deformation probably initiated the Gilmore, Parkes, and Coolac—Narromine Fault Zones. The
associated crustal thickening and heating produced large volumes of principally felsic magma throughout the
Lachlan Fold Belt. The Early Silurian S-type Ungarie Suite, the related Ugalong Dacite, and the I-type Bland
Diorite were emplaced west of the Gilmore Fault Zone. The Gilmore Fault Zone separates the Lachlan Fold Belt
into eastern and central belts. Felsic igneous activity continued, intermittently, during the late Early Silurian and
into the Late Silurian, with the emplacement of the S-type Billys Lookout Granite and the Young Granodiorite,
and the eruption of the S-type Ina Volcanics (near Burcher) and Douro Group in the Cowra Trough east of
Grenfell. Sedimentation was not widespread in the Forbes map sheet area, and was restricted to the Forbes
Group, in the Parkes—Forbes area, and the Burcher Greywacke.

Although the evidence is sparse, some deformation may have followed in the middle Late Silurian. A gold—
lead—zinc—copper hydrothermal mineralising event occurred near Condobolin and may be associated with this
event, although there is some evidence that it occurred later.

At the end of the Silurian, and into the Early Devonian, deposition of the sediments and volcanic units of the
Ootha and Derriwong Groups took place during extension and marine incursion throughout the Forbes map
area. The Derriwong Group rests on the Forbes Group with a low-angle unconformity. In the Bogan Gate—
Wirrinya region, the Jemalong Trough formed by extension of the Ordovician arc. Melting of the Ordovician
basement rocks there produced the Byong Volcanics, and their distal correlatives, the Yarnel Volcanics. Minor
basalts in the Byong Volcanics had a mantle origin, similar to the Ordovician volcanic rocks. Sedimentation at
that time in the Cowra Trough was represented by the Moura Formation in the east of the Forbes map sheet
area. S- and I-type granites (Bogalong Suite and Caragabal Granite, respectively) were also emplaced at that
time. Minor tin mineralisation is associated with the fractionated Bogalong Suite.

Following a brief hiatus, sedimentation and volcanism resumed in a shallowing marine to subaerial
environment. The Trundle Group sediments and volcanic rocks were deposited in the Jemalong Trough and, in a
waning rift basin to the west, the Darbys Ridge Conglomerate was deposited in an outwash fan. Volcanic rocks
of the Trundle Group (Kadungle and Carawandool Volcanics) had Ordovician source rocks similar to those of
the Byong Volcanics.

A major compression around 400 Ma, led to thrusting and strike-slip movement on the Gilmore Fault Zone, less
well-documented movement on the Parkes and the Coolac—Narromine Fault Zones, and inversion of the
Jemalong Trough (e.g., the Currowong Syncline) and Cowra Trough. However, melting of the Ordovician
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basement continued through the late Early to Middle Devonian, producing post-tectonic I-type intrusions (s.l.),
e.g., the Porters Mount Quartz Diorite, Bundaburrah Granodiorite and smaller mafic dykes. Other granites
emplaced at that time include the Dalrida, Berendebba, and Broula Granites.

In the east of the Forbes map sheet area, the production and emplacement of large volumes of I-type magma, at
and east of the Coolac—Narromine Fault Zone, resulted in emplacement of the Eugowra Suite (part of the Boggy
Plain Supersuite) — and their probable volcanic equivalents, the Coonambro Volcanics. Lesser volumes of S-
type magma produced the Cumbijowa Granite west of the Fault Zone. Some skarn copper, gold and iron
mineralisation is associated with the Eugowra Suite.

During the Middle Devonian, widely spaced continental rifting took place in the eastern Lachlan Fold Belt. In
the east of the Forbes map sheet area, the consequent production of A-type magmas and bimodal volcanic rocks
gave the Bindogandri, Grenfell, and Schneiders Granites, and the subaerial volcanics of the Rocky Ponds
Group. The peralkaline and A-type Ganantagi and Wirrinya Granites were also probably emplaced at this time.

The eastern Lachlan Fold Belt was subject to widespread continental rifting during the Middle Devonian. In the
east of the sheet area, the resulting production of A-type magmas and comagmatic and bimodal volcanics
resulted in the Ganantagi, Wirrinya, Grenfell, Schneiders, and Bindogandri Granites, and the Rocky Ponds
Group.

The igneous activity ceased by the beginning of the Late Devonian, which was marked by the deposition of
fluvial redbed conglomerates, sandstones and shales of the Late Devonian Hervey Group.

The Kanimblan Orogeny in the Early Carboniferous resulted in broad open folding of the Hervey Group.
Related movement on pre-existing faults, such as the Coolac—Narromine and Parkes Fault Zones, and their
upward propagation, steepened the limbs of some of these folds. Structurally controlled gold mineralisation in
the Parkes—Forbes corridor may have formed at that time, as it did in the West Wyalong area. The Marsden
Thrust, probably a leading splay of the Gilmore Fault Zone, was activated at that time, when part of the
Ordovician Lake Cowal Volcanic Complex was thrust eastwards over rocks of the Hervey Group.

The Carboniferous marked the start of the regolith development, which continues to the present. There are no
records of Permian or Triassic sedimentation in the sheet area. In the region of Bogan Gate, rivers flowing
towards the Surat Basin deposited up to a kilometre of sediment during the Jurassic. Mafic hot spot volcanism
in the Tertiary (Miocene) produced leucitites south of Condobolin, and a vestige of the Mount Canobolas basalt
lavas occurs at the eastern boundary of the Forbes map sheet area, near Eugowra. In the Miocene, much of the
landscape was deeply incised with the palaco-Lachlan River and palaeo-Bland Creek system flowing in deep
gorges. These have been filled to the level of the surrounding plains. Placer gold deposits are widespread,
particularly in the Grenfell, Forbes, and Parkes areas.

The regional metamorphic grade, throughout the map sheet area, is generally lower grade greenschist, while
prehnite-pumpellyite grade occurs over the Ordovician volcanics in the Parkes region, and tremolite/biotite
grade occurs in the Girilambone Group metasediments around Condobolin and in the granitoids just north of
Wyalong. Parts of the Wagga Group display higher regional andalusite grade metamorphism in a belt that
crosses into the neighbouring Cargelligo and Nymagee 1:250 000 map sheets.

Minor tectonic activity continues to the present day, with earthquakes focussed along the Eugowra Fault at
Eugowra.

Keywords: Lachlan Fold Belt, gold, copper, mineralisation, Palaeozoic, Mesozoic, Cainozoic, Forbes, Cowal,
Parkes, Northparkes, Gilmore Fault Zone, Parkes Fault Zone, Coolac—Narromine Fault Zone, Marsden Thrust,
Jemalong Trough, Ordovician volcanism, regolith, geological map.
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ABBREVIATIONS, DEFINITIONS AND EDITORIAL NOTE

Abbreviations
ASI Aluminium saturation index LREE  Light rare earth elements
GPS  Global positioning system MORB Mid-ocean ridge basalt
HFSE High field strength elements REE Rare earth elements
HREE Heavy rare earth elements SHRIMP Sensitive high resolution ion microprobe
ICPMS Inductively coupled plasma mass XRF X-ray fluorescence
spectrometry

XRD X-ray diffraction
LILE Large-ion lithophile elements

Geochemical nomenclature

Aluminium saturation index (AST) = molecular AlLO, .
(Na,0+K,0+Ca0)

FeO* means total Fe expressed as FeO, calculated as FeO + 0.9Fe,0;.

Mg-number, or Mg#, = 100 x atomic _ Mg -100x (Mg0O/40.32) .
(Mg + Fe*) (Mg0O/40.32+ FeO* /71.85)

€nNd is the deviation, in parts per 10 000, from the 43N d/"**Nd ratio of the chondritic uniform reservoir (CHUR).

Magnetic susceptibility

In Systéme International (SI) units, the magnetic susceptibility, %, is defined as k = M,
H

where H is the external field and M is the magnetisation of a body placed in H. The total field, B, is
proportional to the sum of M and H and depends on the magnetic susceptibility because

H+M=(1+kH.

Field measurements of magnetic susceptibility were taken using the following hand-held meters: Geo
Instruments model GMS-2; Friskars model JH-8; or Kappameter model KT-5.

Radiometric readings

Field measurements of gamma-radiation were taken as total counts using a Scintrex GAD-6/GPS-4S
spectrometer-sensor combination.

Additional data

Additional data are contained in AGSO’s OZROX database and the Forbes Geoscience database (GSNSW). The
METMIN database (GSNSW) contains statewide mineral occurrence data.

The Palaeozoic timescale for the Forbes map sheet area

The absolute timescale for the Palacozoic is evolving at a rapid rate. Since 1990, at least ten timescales and
revisions to timescales have been formally and informally published for all or part of the Palacozoic. Most
recently, these have included the timescales of Tucker and McKerrow (1995), Young and Laurie (1996; revised
in part by Young, 1997a), and Tucker et al. (1998). Compilations of parts of these and other timescales have
been constructed by Gradstein and Ogg (1996), and VandenBerg (1999).

SHRIMP U-Pb zircon dates combined with fossil control from the northern Lachlan Fold Belt (e.g., Pogson &
Watkins, 1998; Meakin & Morgan, 1999; Jagodzinski & Black, 1999; these Notes) provide some general
guidelines for the absolute timescale. The data suggest that the dates for the Late and Middle Devonian of
Tucker et al. (1998) and Fordham (1999) are too old. Further, the data indicate that the dates for the Silurian—
Devonian and Ordovician—Silurian boundaries of Young and Laurie (1996) are too young.
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The timescale adopted for these Notes is similar to that compiled by VandenBerg (1999) for the Palaeozoic of
the Lachlan Fold Belt in Victoria (Table below). VandenBerg (1999) drew heavily on AGSQO’s 1996 timescale
(Young & Laurie, 1996), with variations around the Silurian-Devonian boundary to reflect the work of Tucker
et al. (1998). The “Forbes timescale” reflects much of VandenBerg’s (1999) thinking, but also incorporates

Young’s (1997a) revision of Young and Laurie (1996).

Table of relationships between selected recent geological timescales and these Notes for the Devonian,

Silurian, and Ordovician Periods.

Tucker & Young & Tucker Vanden- Forbes
: Young Fordham
McKerrow  Laurie (1g97) eta Berg (1999) TP &
(1995)  (1996) (1998)  (1999) Notes
CARBONIFEROUS 354 354 362 354 363 354
Fammenian 3645 | 364 | 3765 | 3645 | 375 364
Late
Frasnian 369 370 | 3825 | 3695 | 382 370
= Givetian
3775 | 380 | 3875 | 3775 | 389 380
‘Et Middle
o Eifelian 391 384 390 394 384 392 390
w
i :
Emsian 400 | 3995 | 401 | 4095 | 400 407 | 401
Earl i
y | Pragian 412 4045 | 408 | 4135 | 4135 | 411 408
Lochkovian 417 410 415 418 418 418 418
Pridoli 419 414 419 419 420 419
> | Late
= Ludiow 423 420 424 424 424
=]
J
= Wenlock o 425 428 429 428
Early
Llandovery | . 434 441 441 441
Z Late
< 458 459 459 460 459
Q
> Mddle
8 477 477 470 477
[
Earl
o y 495 490 490 495 490

Palaeontological age abbreviations

Subdivisions of the standard Victorian graptolite biostratigraphic scheme for the Ordovician System are
conventionally abbreviated as follows:

Lancefieldian La
Castlemainian Ca

Gisbornian Gi

Bendigonian Be

Yapeenian  Ya

Eastonian

Ea

Chewtonian Ch

Darriwilian Da

Bolindian

Bo

Within each of these Stages, individual Zones are designated by numerals, with 1 being oldest. Thus Ea3
indicates the third youngest graptolite Zone of the Eastonian Stage (equivalent to a late Late Ordovician age).

Fossil list

A list of fossils mentioned in the text is given in the Appendix. The references cited in that list are listed

separately.
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Editorial note

The order of units in these Notes does not always match that of the map legend. This is usually due to the fact
that the lateral variations cannot be expressed in the columns of the legends. For editorial reasons, the units
Dtki, Dhma, and greisen have not been written separately but are included in the sections on their parent units.
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1. INTRODUCTION

Location and access

The Forbes 1:250 000 map sheet area (SI55-7) covers
15600 km® in the central west of New South Wales,
centred about 320 km due west of Sydney (Figure 1.1). It is
bounded by latitudes 33°00’S and 34°00'S and
longitudes 147° 00’ E and 148° 30’ E. The area includes the
major towns of Parkes, Forbes, Condobolin, West
Wyalong, and Grenfell. The Forbes 1:250 000 map sheet
consists of the six component 1:100000 sheets:
Condobolin, Wyalong, Bogan Gate, Marsden, Parkes, and
Grenfell. The map sheet area is also traversed by the
transcontinental railway, which passes through Parkes and
Condobolin.

The principal access to the Forbes 1:250 000 map sheet
area is gained via the Newell Highway, which runs from
the northeast to the southwest of the map area; the Mid
Western Highway, running east-west in the southern part of
the map area; the Lachlan Valley Way, which runs from the
centre of the eastern boundary to Condobolin, in the
northwest of the map area; and the Barmedman Road,
which affords access from the south to the town of
Wyalong, in the southwest of the map area.

Climate, physiography, and landuse

The Forbes 1:250000 map sheet area has a warm,
temperate climate with hot summers and mild to cool
winters. January and February are the warmest months with
mean daily maxima of 31°C to 33°C and daily minima
around 16°C. July is the coldest month, with daily maxima
and minima about 18°C and 2°C, respectively. The average
rainfall varies across the map area from about 450 mm a
year in the drier western part, to about 770 mm a year in
the northeastern corner of the area. Throughout the map
area, rainfall is more reliable in winter. The eastern third of
the Forbes 1:250 000 map sheet area is hilly to rugged, as it
is dominated by relatively moderately weathered granites
(sensu lato), felsic volcanic rocks, and resistant Late
Devonian quartz sandstones. Elevations range from less
than 300 m above sea level, in valley floors, to over 700 m.
The central part of the map area is dominated by plains,
about 220 m to 250 m above sea level, hills, lake systems,
and the strike ridges of the Jemalong Ridge. The western
third of the map area is a mixture of plains, undulating
rises, and hills — culminating in the steep slopes and small
cliffs formed by the resistant sandstones and conglomerates
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Figure 1.1. Locality map for the Forbes 1:250 000 geological map sheet area. Also shown are the six component 1:100 000 map
sheets, principal towns and localities, and major roads, rivers and lakes.
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Silurian-Devonian Ootha Group. The Lachlan River is the
major watercourse, flowing in a generally northwesterly
direction across the map area from Gooloogong to
Condobolin.

The principal landuse in the Forbes 1:250 000 map sheet
area is agriculture. The main winter crop is wheat, with
lesser barley and oats and crop rotations of canola (rape),
legumes, and pasture. Summer crops, principally maize and
sorghum, rely on irrigation. Other landuses are National
Parks, Nature Reserves, and State Forests. Mining and
quarrying are on a small scale, although the discovery of
some sizeable gold deposits, e.g., Cowal, may herald a
significant increase in that sector.

King (1998) provided detailed descriptions of climate and
physiography, and complemented those descriptions by
including further references.

Previous geological studies

Apart from some mine reports, theses, and reports on fossil
occurrences, the first extensive study of the Forbes
1:250 000 map sheet area was by Andrews (1910). Conolly
(1965a,b) studied the stratigraphy and origin of the Late
Devonian Hervey Group. Sherwin (1971) studied the
stratigraphy and palaeontology of the Forbes—-Bogan Gate
district; and Kemezys (1976) prepared a preliminary
geological map of the area between Condobolin and West
Wyalong. The first 1:250000 scale geological map
(Brunker, 1972), without explanatory notes, was largely
based on aerial photograph interpretation, with ground
work done mainly in areas of good outcrop in the east of
the map area. Bowman (1976) used the map of Brunker
(1972) as the base for his metallogenic map. Although
numerous company reports, theses, and research papers
have been written since publication of these maps, the only
regional study in that time have been by Krynen et al.
(1990) and Ingpen (1995).

Mapping methods

The Forbes 1:250 000 map sheet area was mapped under
the National Geoscience Mapping Accord (NGMA), a
collaboration between the Commonwealth’s Australian
Geological Survey Organisation (AGSO) and the State
geological surveys. This work was a collaboration between
AGSO and the Geological Survey of New South Wales
(GSNSW) as part of the Lachlan Fold Belt NGMA Project.

Mapping commenced in 1995, and was greatly assisted by
use of detailed airborne magnetic, radiometric, and digital
elevation data; and by ground-based gravity data. Detailed
ground traverses were conducted in all areas of outcrop and
significant subcrop. Sites and outcrops were located by the
global positioning system (GPS). Compilation was carried
out on 1:50 000 scale topographic map bases supplied by
the New South Wales Land Information Centre and
Australian Surveying and Land Information Group
(AusLIG). All data pertaining to sites, including outcrop
descriptions, structural measurements, thin sections,
geochemistry and isotopic ages, are stored in AGSO’s
OZROX field database and GSNSW’s COGENT database.

Products

A range of products arising from the NGMA mapping of
the Forbes 1:250 000 map sheet area is available:

Simplified solid geology map (1:250 000 scale)
Component geology maps (1:100 000 scale)
Depth to bedrock map (1:250 000 scale)
Regolith landforms map (1:250 000 scale)

Digital data package on CD. Digital map data are stored
ARC/INFO, ArcView and Maplnfo format.

Geophysical data and map sheets including airborne
magnetic, gamma ray spectrometric and digital
elevation data and ground-based gravity data.



2. GEOLOGICAL HISTORY

Introduction

The geological history of the Forbes 1:250 000 map sheet
area is summarised in the time-space diagram that
accompanies the map sheet and is reproduced here
(Figure 2.1). The history presented here is brief and is
intended as an overview. Detailed accounts of the genesis,
age, and boundary relationships of the map units are given
in the unit descriptions.

Ordovician

The oldest rocks are the Early Ordovician mafic
Nelungaloo Volcanics and volcanic sandstones, cherts, and
siltstones of the Yarrimbah Formation; both units sparsely
crop out northwest of Parkes. The Yarrimbah Formation
was deposited below wave base over the Nelungaloo
Volcanics and contains Early Ordovician graptolites.
Because of the restricted distribution of these two units, it
is impossible to determine whether they represent the
commencement of continuous Ordovician magmatism and
associated sedimentation; or if there was a break between
the volcanism and sedimentation of the Early Ordovician
and the onset of arc volcanism and marginal basin
sedimentation in the Middle Ordovician.

By the late Middle Ordovician, arc volcanism, associated
with westward subduction, and sedimentation in marginal
basins had commenced. The arc rocks are represented by
the Lake Cowal Volcanic Complex and the Northparkes
Volcanic Group, which were contiguous at the time.
Porphyry-related gold and copper mineralisation, best
represented in the sheet area by the Cowal gold deposit,
accompanied formation of the Ordovician arc. The
sediments of the Wagga and Girilambone Groups were
depositing in the marginal basin to the west. Some sea floor
spreading in this basin was associated with extrusion of the
Narragudgil Volcanics.

At about the end of the Middle Ordovician the formation of
a new arc to the east (not represented in the map sheet
area), either by arc splitting (as in the present-day Marianas
arc) or trench-rollback, created a new basin that became the
site for further seafloor sedimentation mainly represented
by the Kirribilli Formation and Mugincoble Chert. This
basin floor, and evidence of spreading or rifting, is
preserved as the basalts and dolerites of the Brangan
Volcanics, and the ultramafic rocks of the Wambidgee
Serpentinite.

During the Late Ordovician, Alaskan-type ultramafic
magmas were emplaced into the Girilambone Group, and
the sediments and volcanics of the little known Jingerangle
Formation were deposited.

Sedimentation in marginal basins and arc volcanism was
waning, or had ceased, by the end of the Ordovician
Period. Siltstones of the Cotton Formation were deposited

on the Northparkes Volcanic Group, and the deposition
continued into the early Llandovery of the Silurian Period.

Silurian

During the earliest Silurian, the Lachlan Fold Belt was
subjected to the Benambran Orogeny, which probably
commenced during the Late Ordovician. The deformation
resulted in the closure of the marginal basins, thrusting of
the Wagga Group over the volcanic arc, which initiated the
Gilmore Fault Zone, and folding of the turbidite sequences.
The Parkes and Coolac-Narromine Fault Zones were
probably initiated at this time. The volcanic arc rocks
appear to have been little, or inhomogenously, affected by
orogeny. The associated uplift may have caused the
cessation of deposition of the Cotton Formation.

Anatexis associated with crustal thickening and heating
resulted in the generation of large volumes of S-type
magma, and lesser amounts of I-type magma. The granites
of the Ungarie Suite are the predominant examples of this
magmatism. The regional metamorphic grade was no
higher than greenschist facies, although there were
localised areas of higher grade metamorphism. This
episode of orogenic plutonism and volcanism continued
until the end of the Early Silurian.

Sedimentation and volcanism during the middle Silurian
was restricted to areas in the west and east of the map sheet
area. East of the Coolac—-Narromine Fault Zone, the S-type
felsic volcanic rocks of the Douro Group were deposited in
the Cowra Trough. The Forbes Group was derived from,
and deposited over, rocks from the dormant remnants of the
Northparkes Volcanic Group. In the west, the Burcher
Greywacke was unconformably deposited on part of the
Girilambone Group. Its detrital material was probably
derived from the Ugalong Dacite, a volcanic cognate of the
Ungarie Suite.

Minor deformation may have been occurring toward the
end of the Silurian, as evidenced by hydrothermal
mineralisation in the Condobolin area.

Siluro-Devonian

Following the Benambran Orogeny, extension throughout
the Forbes 1:250 000 map sheet area, possibly caused by
retreat of the subduction zone, resulted in basin formation
and marine incursion. Deposition of the conglomerates and
sandstones of the Ootha and Derriwong Groups
commenced during the Pridoli, or perhaps latest Ludlow of
the Late Silurian, and continued until the middle
Lochkovian of the Early Devonian. The axis of extension
was located near the centre of the map sheet area and
resulted in the formation of the Jemalong Trough. There,
rifting separated the Lake Cowal Volcanic Complex from
the Northparkes Volcanic Group and allowed the deposition
of the Byong Volcanics, and their distal equivalents,
produced by melting of some of the Ordovician arc
basement. S- and I-type granites were also produced during
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this crustal melting. The Cowra Trough, located to the east
in the Bathurst 1:250 000 map sheet area, also formed
during the Late Silurian extension, and a part of its fill is
represented in the Forbes sheet area by the Moura
Formation of the Goonigal Group.

Devonian

The Devonian was a period of extensional and
compressional tectonics, with associated plutonism and
volcanism, and sedimentation in marine and subaerial
basins.

Extension, interrupted by a brief hiatus with some minor
folding, continued during the Early Devonian but became
more confined to the Jemalong Trough where the
sedimentary and volcanic rocks of the Trundle Group were
deposited. The volcanic rocks of the Trundle Group were
sourced, similarly to the Byong Volcanics, from melting of
parts of the Ordovician arc. Sporadic epithermal alteration
occurred in the Trundle Group volcanic rocks. A waning
basin in the west of the sheet area became the site for
deposition of outwash fan sediments producing the Darbys
Ridge Conglomerate. Volcanic rocks of the Black Range
Group were erupted in the Cowra Trough at this time, in
the southeast of the sheet area.

Deformation during the early Emsian changed the tectonic
regime, from extensional to compressional, sometime
between about 410 Ma and 400 Ma. This resulted in
reactivation of the Gilmore Fault Zone and formation of the
Booberoi Shear Zone, and activation, or reactivation, of the
Parkes Fault Zone and the Coolac—Narromine Fault Zone
by thrusting and reverse faulting. The Trundle Group rocks
were folded into the Currowong Syncline during inversion
of the Jemalong Trough, and the Moura Formation of the
Cowra Trough was folded at this time. Further crustal
melting occurred during the Emsian deformation,
producing large volumes of mainly I-type magmas, in
contrast to the mainly S-type magmas of the Benambran
Orogeny, particularly in the east of the sheet area where the
granites of the Eugowra Suite, and the probably cognate
Coonambro Volcanics, were emplaced.

The beginning of the Middle Devonian marked another
change back to extension, resulting in the formation of rifts
across the eastern Lachlan Fold Belt, accompanied the
production of A-type magmas and bimodal, subaerial
volcanism. In the Forbes 1:250 000 map sheet area, this
rifting was manifest, in the east, by the intrusion of the
Grenfell and Bindogandri Granites and the eruption and
deposition of the volcanic rocks of the Rocky Ponds Group.
Hydrothermal alteration and gold mineralisation was

associated with the volcanic rocks, particularly in the
southeast of the sheet area.

The Middle Devonian rifting may have been the start of
basin formation resulting in a pan-Lachlan Fold Belt
deposition of shallow marine and redbed sequences during
the whole of the Late Devonian, and represented in the map
sheet area by the fluviatile Hervey Group. It is not clear
whether the present-day distribution of the Hervey Group
marks the site of separate basins or whether it is the
vestiges of a more widely-spread basin sequence. The
presence of longitudinally distributed Hervey Group rocks
within the Jemalong Trough may be evidence for the
existence of separate basins. Regardless, it suggests that the
Jemalong Trough remained a depocentre throughout the
Devonian, despite the late Early Devonian inversion.

Carboniferous

The last orogeny to affect the Lachlan Fold Belt, the
Kanimblan Orogeny, occurred at the end of the Devonian
Period and into the Carboniferous when the New England
Fold Belt began to be accreted” The Kanimblan Orogeny
caused open folding of the Hervey Group and older rocks
(e.g., the Tullamore Syncline and Forbes Anticline),
reactivation of the major fault zones, and the formation of
new faults, such as the Bumberry Fault. Some limbs of
synclines formed in Hervey Group rocks were steepened
and overturned during reverse faulting. In the west of the
sheet area, parts of the of Ordovician Lake Cowal Volcanic
Complex were thrust eastwards, on the Marsden Thrust,
over Hervey Group rocks of the Jemalong Trough.

Major gold mineralisation in the Silurian granites around
West Wyalong occurred during the Kanimblan Orogeny,
and probably did also in the Parkes Fault Zone.

Regolith formation may have commenced following the
Carboniferous deformation and uplift.

Post-Palaeozoic

During the Jurassic Period, north-flowing rivers, draining
into the Surat Basin, deposited up to a kilometre of
sediment, which is preserved and exposed in the northeast
of the sheet area near Gunningbland. Tertiary volcanism,
widespread through eastern Australia, is manifest in the
eruption of leucitite lavas in the northeast of the sheet area.
Some flood basalts from the Mount Canobolas eruption,
east of the sheet area, are preserved northeast of Eugowra.
Erosion and deep incision of the landscape took place
through the Miocene, followed by sediment infill up to the
present day.
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Jindalee Group (Oj) Basden (1982)

The Jindalee Group comprises mafic and ultramafic
igneous rocks, metamorphosed to low grade, and
associated metasedimentary rocks, principally chert. It
occurs mainly in the Cootamundra and Wagga Wagga
1:250 000 map sheet areas to the south. In the Forbes
1:250 000 map sheet area, the Jindalee Group is more
disrupted, but remains distributed along the controlling
structure of the Coolac—Narromine Fault Zone.

Nomenclature and derivation of name

The Jindalee Group is named from Jindalee Hill (now
known as Morrisons Hills, but the survey point is still
called Jindalee Trigonometrical Station), GR 599600 mE
6177800 mN in the Cootamundra 1:250 000 map sheet
area.

Distribution and outcrop

The Jindalee Group extends in a north—south belt, from the
southern edge of the Forbes 1:250 000 map sheet area
south of Grenfell to about 12 km due east of Parkes
(Figure 3.1). Outcrop is not continuous, but the mafic rocks
and cherts are well-exposed where they occur.

Constituent units

In the Forbes 1:250 000 map sheet area, the constituents of
the Jindalee Group are the Brangan Volcanics, the Hoskins
Chert, and Wambidgee Serpentinite. The newly recognised
Brangan Volcanics and the Hoskins Chert, (formerly
‘Hoskins Formation’) have not previously been included in
the Jindalee Group. However, Ryall (1974) and Gilligan &
Scheibner (1978) suggested that the chert unit now named
the Hoskins Chert may be correlated with the Jindalee
Group. Warren et al. (1995) similarly suggested that the
basalts and dolerites now named the Brangan Volcanics
correlate with the Jindalee Group. New age data and
structural continuity have allowed these correlations to be
confirmed.

Brangan Volcanics (Ojb) nov

Derivation

The Brangan Volcanics are named after Brangan Hill (also
known as Birangan Hill) at GR 607700 mE 6262000 mN,
about 13 km due north of Grenfell.

Distribution

The Brangan Volcanics occur mainly in the eastern part of
the Forbes 1:250 000 map sheet area, from about 15 km
due east of Parkes, at their northern end, to 5 km northwest
of Grenfell, at their southern end. They are a discontinuous
series of metabasalts and minor chert. The best-developed
part of the sequence occurs at the southern end as a narrow
(<2 km wide) body of metabasalt and minor chert about
12 km long. This body is enclosed by the Devonian

Grenfell Granite. Small outcrops of the metabasalt occur
throughout the Coolac-Narromine Fault Zone, notably at
GR 616600 mE 6302000 mN and GR 616600 mE
6317000 mN.

Type locality

A type locality for the Brangan Volcanics may be found at
GR 608100 mE 6265630 mN, a few hundred metres east of
‘Akuna’ homestead, south of Warraderry State Forest

Description and geochemistry

The Brangan Volcanics are MORB-type basalts and
associated volcanogenic cherts. The Brangan Volcanics are
relatively primitive (MgO ~7 wt%) olivine tholeiites,
characterised by high HFSE contents (e.g., TiO,
~1.8 wt%), low K/Na,0, and flat to slightly depleted LREE
patterns. They are, thus, distinguished from the
Northparkes Volcanic Group rocks in the Parkes—Forbes
area. Cherts peripheral to the volcanic rocks are thinly
bedded and sometimes banded.

Environment of formation

The Brangan Volcanics in the Grenfell area (and the
Narragudgil Volcanics south of Wyalong) represent basaltic
rocks of very different character to the Parkes/Forbes/Lake
Cowal calc-alkaline volcanic rocks. The geochemistry of
the Brangan Volcanics suggest that these MORB-type rocks
were derived from depleted asthenospheric mantle,
possibly in a well-developed back-arc basin or an intra-
plate continental rift environment (S.-S. Sun, pers. comm.,

1999).

Age and relationships

There are no absolute ages for the Brangan Volcanics.
However, a Middle to Late Ordovician age is indicated by
the probable equivalence of the minor associated cherts
with the Hoskins Chert.

Contacts with the Kirribilli Formation and the Hoskins
Chert are not exposed and are poorly understood. The
minor cherts in the Brangan Volcanics are probably
equivalent to the Hoskins Chert. The outcrop at
GR 616600 mE 6302000 mN is inferred to be in faulted
contact with the Kirribilli Formation. The part of the
Brangan Volcanics enclosed by the Grenfell Granite is
interpreted to be a detached slab of basement incorporated
into the granite as a large roof pendant.

Hoskins Chert (Ojh) modified from Bowman
(1977a)

Nomenclature, distribution, outcrop and type locality

The Hoskins Chert, originally termed the ‘Hoskins
Formation’ (Bowman, 1977a), is named after the Hoskins
manganese mine (GR 604000 mE 6249500 mN), about
3 km west of Grenfell, which produced 25 700 tonnes of
MnQO, from 1915 to 1941. The Hoskins Chert occurs
throughout the exposed extent of the Jindalee Group within
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Figure 3.1. Distribution of the Jindalee Group in the Forbes 1:250 000 map sheet area. Areas shaded black represent substantial
outcrop. Areas shaded grey represent distribution beneath surficial cover.

the Forbes 1:250 000 map sheet area. Its most southerly
outcrop is about a kilometre north of the southern boundary
of the map area near GR 603000 mE 6238300 mN. The
Hoskins Chert extends on a north-northeast trend to about
12 km east of Parkes. There is a 35 km gap in exposure,
which is nearly coincident with the Lachlan River flood
plain. The type locality is at the Hoskins manganese mine.

Outcrop of the Hoskins Chert varies from float and sub-
crop to excellent exposures near manganese mines and in
quarries and creeks.

Description

The Hoskins Chert consists of reddish to purple and cream
to grey cherts (Figure 3.2) and cherty siltstones, strongly
deformed siltstones, and minor basalt. The cherts are
generally bedded, often jasperoidal, and frequently
manganiferous. Gilligan & Scheibner (1978) reported the
presence of dismembered ophiolites in the Hoskins Chert.

Locally the chert has been subsumed by, and reacted with
the volcanic rocks, resulting in intense ferruginisation
causing  recrystallisation of the chert to dark
microcrystalline quartzite with sinuous veins of hematite.
Localised concentrations of manganese (predominantly as

rhodonite) produced by these reactions were sufficiently
high to be commercially exploited, until the 1940s, at
several localities within the Brangan Volcanics.

Figure 3.2. Ferruginous chert in Hoskins Chert near Bald Hill.
(GR 608100 mE 6265600 mN) (O.L. Raymond photograph)

Age and relations

The presence of conodont ?Walliserodus sp. in chert
associated with the Brangan Volcanics (I.G. Percival, pers.
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comm., 1999) has established that the volcanic rocks are of
Ordovician age. If the Hoskins Chert correlates with the
cherts elsewhere in the Jindalee Group, then the age can be
constrained to Middle to Late Ordovician.

The contacts between the Hoskins Chert and the Brangan
Volcanics and the Kirribilli Formation are nowhere exposed
so the relationships remain uncertain. East of Parkes, some
faulted contacts can be interpreted from magnetic data.

Wambidgee Serpentinite (Ojw) Basden et al. (1978)

Nomenclature and derivation of name

Basden et al. (1978) named the Wambidgee Serpentinite
after Wambidgee Railway Siding in the Cootamundra
1:250 000 map sheet area.

Distribution, outcrop and description

The Wambidgee Serpentinite is mapped at the southern
boundary of the Forbes 1:250 000 map sheet area, about
11 km south of Grenfell, where it is about 1 km wide and
2.5 km long, and trends northeast—southwest. Although it
does not crop out, its existence is recognised by the
presence of very weathered and crumbly serpentinite and
talc—carbonate float, in ploughed paddocks, and dark
brown soil. A small outcrop existed until the late 1970s
before it was broken up and ploughed into the soil.

The Wambidgee Serpentinite has a high magnetic intensity,
with magnetic susceptibilities, measured in the
Cootamundra 1:250 000 map sheet area, typically around
10000 x 10° SI, and its distribution has been mapped
using magnetic data.

The nearest outcrop of the serpentinite is at Arramagong
Hill (GR 604150 mE 6231000 mN) in the Cootamundra
1:250 000 map sheet area. There it is a coarse-grained,
serpentinised peridotite (M.B. Duggan, pers. comm., 1998).

Boundary relationships and age

The Wambidgee Serpentinite is enclosed by the Ordovician
Kirribilli Formation. Although the contacts are not
exposed, their sharpness, as inferred from magnetic data,
and the nature of the serpentinite where it is exposed in the
Cootamundra 1:250 000 map sheet area, strongly indicate
that they are faulted contacts.

Cherts within the parent Jindalee Group contain Middle to
Late Ordovician conodonts, Aphelognathus or " Plectodina”
(Percival, 1999c¢).

Wagga Group (Ow) Warren et al. (1995)

The Wagga Group comprises a thick quartz turbidite
sequence occupying the southwestern part of the Forbes
1:250 000 map sheet area (Figure 3.3), extending south into
the Cootamundra 1:250 000 map sheet area and beyond,
and northwest past Ungarie into the Lake Cargelligo
1:250 000 map sheet area. Warren et al. (1995) summarised

the general characteristics of the Wagga Group and
proposed the name for the sedimentary and
metasedimentary rocks of the Wagga Metamorphic Belt,
previously referred to as ‘Wagga Metamorphics’. In the
Forbes 1:250000 map sheet area, and adjoining
Cootamundra 1:250 000 map sheet area, substantial
portions of the Wagga Group are essentially
unmetamorphosed — or are metamorphosed, at most, to
lower greenschist grade. Higher grades of metamorphism
are generally restricted to the easternmost outcrop areas
adjacent to the Ungarie Granite and related rocks.
Metasediments of the Wagga Group were extensively
intruded by large S-type plutons, including the Ungarie
Granite and Wantabadgery Granite.

Warren et al. (1995) recognised three units (sequences)
within the Wagga Group in the Cootamundra 1:250 000
map sheet area, based on lithological differences, but did
not name them or depict them separately on the map.
Equivalents of these units are distinguishable in the Forbes
1:250 000 map sheet area and have been upgraded to
formation status as the Clements Formation and the
Humbug Sandstone.

Clements Formation (Owc) nov

Nomenclature, derivation, distribution and relations

The lithological characteristics of the Clements Formation
are similar to those of sequence 1 of the Wagga Group
described by Warren et al. (1995). The name is derived
from Clements Lane, a minor road joining the Mid-Western
Highway and Tallimba Road, 15km west of West
Wyalong.

The Clements Formation forms the western outcrop areas
of the Wagga Group in the southwestern corner of the
Forbes 1:250 000 map sheet area, extending from the
southern boundary of the map sheet area to just north of the
Mid-Western Highway. In the area of the Condobolin
1:100 000 map sheet, the Clements Formation forms the
eastern outcrop area and occurs as ridges along a north-
northwest to south-southeast trend, west of Humbug Creek.
Previously, the latter outcrops had been mapped by
Kemezys (1976) as the Devonian Euglo Formation. There
are also inliers surrounded by the Weebar Hill Leucitite
adjacent to Wallaroi Creek.

Generally, contacts of the Clements Formation are
concealed by unconformably overlying Cainozoic and
Quaternary alluvium, colluvium, or the Weebar Hill
Leucitite. In the southwestern corner of the Forbes
1:250 000 map sheet area the contact with the Humbug
Sandstone is possibly exposed, but the deep weathering
makes its precise identification difficult and it can only be
narrowed to a few hundred metres. The contact with the
Ugalong Dacite is interpreted as unconformable, and the
Clements Formation is faulted against the Burcher
Greywacke, Ordovician ultramafic rocks, and the
Girilambone Group. It has been intruded by the Silurian
Ungarie Granite and Carboniferous mafic dykes.



10 FORBES 1:250 000 GEOLOGICAL SHEET

147° 00’
33° 00’ 3

148° 30’

33° 00’

34° 00’

147° 00’

Ll 34° 00
148° 30°

Figure 3.3. Distribution of the Wagga Group in the Forbes 1:250 000 map sheet area. Areas shaded black represent substantial outcrop.

Areas shaded grey represent distribution beneath surficial cover.

Representative localities

No type section has been identified for the Clements
Formation but a representative section crops out on
Tallimba Road, between Clements Lane and Charcoal Tank
Road, in the south western corner of the Forbes 1:250 000
map sheet area. Other well-exposed representative areas are
road base quarries from GR 504100 mE 6311200 mN to
GR 504700 mE 6310700 mN.

Description and outcrop

The Clements Formation typically consists of finely
laminated quartzose sandstones and siltstones, siliceous
shales and cherts, interbedded with more massive fine-
grained sandstone units and, west of West Wyalong, thick,
prominently outcropping chert horizons. Finer-grained
sequences are often laminated on the centimetre scale
(Figure 3.4).

Interbedded sandstone and siltstone of the Clements
Formation show turbiditic characteristics, with BCD
Bouma horizons common, asymptotic cross-bedded C
horizons, convolute bedding, abrupt bases and grading
(Figures 3.5, 3.6). The cherts form grey to honey-coloured

translucent beds, lcm to 10cm thick,

conodonts.

containing

Bedding in the Clements Formation has steep to moderate
dips on the limbs of tight to isoclinal folds, which have
variable plunge from shallow to vertical. Mesoscopic folds
are common, and have a spaced cleavage with aligned
biotite and sericite. At GR 512470 mE 6293200 mN an
earlier cleavage is crenulated by a 5 mm-spaced
metamorphic segregation banding with aligned sericite.
Fold plunges and strike trends are the north-south or north-
northeast—south-southwest — which is anomalous, as most
of the Wagga Group trends northwest-southeast (e.g.,
Warren et al., 1995).

Thin sections of quartzose sandstone, lithic sandstone and
quartzite were described by Barron (1998), as grey, beige,
reddish brown, and cream coloured, with well-sorted
0.5mm- to 2 mm-sized grains. Quartz grains include
possible worn volcanic quartz, and lithic fragments
recognised are rhyolitic crystal chips, microcrystalline
elsite, crenulated mudstone, and metasandstone.
Accessory biotite, muscovite, feldspar, (Ti-)magnetite,
apatite, zircon, tourmaline, and ankerite in the matrix make
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up the sandstones. Staining for potassium was positive in
2% to 20% of samples (diffusely to differentially) in the
matrix and some grains, and by clay absorption along
bedding planes.

Figure 3.4. Laminated chert interbedded with shale and siltstone
(metamorphosed to slate and phyllite) of the Clements
Formation. (GR 503500 mE 6241300 mN) (M.B. Duggan

photograph)

Figure 3.5. Interbedded sandstone and siltstone of the Clements
Formation. (GR 504130 mE 6311240 mN) (M.M. Scott
photograph)

Aligned biotite and sericite formed during the earliest
deformation of the Wagga Group, and are overgrown by
0.3mm to 2mm cordierite porphyroblasts that are
retrogressed to massive and bladed muscovite, illite, and

sericite (Barron, 1998). The cordierite is commonly not
rotated, but some samples are bearded and subrotated,
indicating compression during regional metamorphism.
Widespread cordierite development in the Wagga Group
indicates high palaeo-heatflows with broad (regional-like)
contact metamorphic aureoles around Silurian granites. The
inliers at the Weebar Hill Leucitite, and outcrop at
GR 512470 mE 6293200 mN, have sericite as the highest
grade regional metamorphic mineral species, which
indicates a cordierite-biotite/muscovite—sericite isograd
trends north-northwest parallel to the Gilmore Fault Zone.

Rocks of the Clements Formation have low magnetic
susceptibilities (5 x 107 SI to 20 x 10~ SI), and relatively
high K and Th count rates on aerial radiometric images.

Figure 3.6. Interbedded sandstone and asymmetric cross-bedded
shale with erosional bases in the Clements Formation.
(GR 504700 mE 6310700 mN) (M.M. Scott photograph)

Age

Orange-brown and grey—white cherts and light brown
cherty siltstones of the Clements Formation exposed in
three road base quarries, near Wallaroi and Humbug Creeks
(GRs 504100 mE 6311200 mN, 508500 mE 6296500 mN,
507100 mE 6299400 mN) contain diverse and abundant
Darriwilian conodonts (Percival, 1999a). They include
Pygodus serra and Eoplacognathus sp., indicating a Da2 to
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Da4 range, from the middle variabilis to anserinus
conodont zones (Percival, 1999a).

Environment of deposition

The turbiditic character of the beds, and the conodont fauna
in the cherts, indicate deep-water basinal deposition for the
Clements Formation. Detrital lithic grains indicate the
source region was quartz-rich, metamorphosed and
deformed, and included felsic volcanic rocks.

Humbug Sandstone (Owh, Owhc) nov

Nomenclature, derivation, distribution and relations

The lithological characteristics of the Humbug Sandstone
are similar to those of sequence 3 of the Wagga Group
described by Warren et al. (1995). The name is derived
from Humbug Creek, which drains a substantial part of the
outcrop area of the unit northwest of West Wyalong

The Humbug Sandstone is more extensive than the
Clements Formation and occupies a corridor extending
from the southern boundary of the Forbes 1:250 000 map
sheet area south of West Wyalong to the western boundary,
near Weebar Hill, west-southwest of Condobolin.

Most of the outcrop margins of the Humbug Sandstone are
unconformably overlain by Cainozoic alluvium and
colluvium. The Humbug Sandstone has conformable and
faulted contacts with the Clements Formation and is
unconformably overlain by the Silurian Ugalong Dacite. It
was intruded by the Ungarie Granite, the Charcoal Tank
Granite, and the Cookaburragong Granodiorite, all of
Silurian age. The contacts with those granitoids are not
exposed, but a mixed contact, resembling a migmatite, with
abundant high-grade xenoliths of Wagga Group rocks in
the Ungarie Granite (Figure 3.7) can be seen in exposures
in the creek near Rootes Lane (GR 509900 mE
6258800 mN). A high-grade aureole, about a kilometre
wide, surrounds the Charcoal Tank Granite. In places, the
contact with the Ungarie Granite is faulted, as shown by
the presence of mylonite at the contact on the western side
a low hill about 9 km west-northwest of West Wyalong.
Mafic dykes of ?Carboniferous age are interpreted to have
also intruded the Humbug Sandstone.

Representative localities

No type section has been defined for the Humbug
Sandstone. A representative locality is beside Tallimba
Road, 2km west of the Newell Highway junction
(GR 514000 mE 6244500 mN); and there is a steeply
dipping, westward-younging sequence, from
GR 503700 mE 6308200 mN  to  GR 500000 mE
6307300 mN. Consistent younging directions for bedding
along this transect suggest a minimum thickness of 2 km,
with further section to the west in the Cargelligo 1:250 000
map sheet area.

Description

The Humbug Sandstone consists of interbedded sandstone,
siltstone, phyllite, and massive quartzite. Rock types are
laterally continuous and can be followed along strike, with

quartzite forming distinctive marker horizons along ridges.
Cleavage is weakly developed in finer-grained beds, being
rough, anastomosing, discontinuous, and commonly

subparallel to bedding. Magnetic susceptibilities are low
(5% 107 SI to 15x 107 SI). On gamma ray spectrometric
images, outcrop areas show relatively high K and Th count
rates, except for low-count rate quartzites.

Figure 3.7. High grade metamorphic rocks of the Wagga Group
near the contact with the Ungarie Granite. Some of the
leucosomes may be granite veins. (GR 508870 mE

6263870 mN) (M.B. Duggan photograph)

The sandstones and siltstones of the Humbug Sandstone are
cream, beige, olive or grey, and have bedforms that vary
from 1 m to 2 m thick. They vary from internally massive
to thinly interbedded and laminated (Figure 3.8). Cross
beds with straight and curved crests, erosional truncations,
and grading in the sandstone and siltstone are common
(Figure 3.9).

Barron (1998) described thin sections of quartz- and litho-
clastic rocks of the Humbug Sandstone containing
accessory magnetite, tourmaline, and zircon. When stained
for potassium, 5% to 12% of each rock, mostly the
interstitial clay component, was positive. Regional
metamorphism formed cordierite spots, aligned muscovite,
sericite, and biotite, overgrowths on tourmaline, and
porphyroblastic blades of ankerite. Cordierite is
retrogressed to pinite. Weathering has formed limonite in
outcrops.

The quartzite of the Humbug Sandstone (Owhc) is
commonly massive, although there is occasional internal
bedding, (Figure 3.10), and forms laterally continuous
beds. As the quartzite forms outcrops in isolation, the exact
nature of their relationship to the rest of the unit is unclear.
It is light grey to beige, with a sugary texture, and with
rounded quartz grains from 0.05 mm to 0.3 mm. At the
Gnarly Au prospect (GR 500200 mE 6313300 mN; Palmer,
1998), there is intense silicification and alteration, with
recrystallisation and suturing of quartz grains. Alteration at
the Gnarly prospect may be due to hydrothermal fluid flow
at the margin of the Cookaburragong Granodiorite.
Quartzites of the Humbug Sandstone have low magnetic
susceptibilities (<5x 107 SI), and low K and Th count
rates.
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Barron (1998) described thin sections of quartzite
containing accessory tourmaline, magnetite, muscovite,
eldspar, zircon, apatite, and a trace of digenetic sulphide.
Regional metamorphism formed overgrowths on

tourmaline. Deformation produced strong suturing of grain
contacts and grain reshaping, forming a vague foliation
with trace sericite.

Figure 3.8. Thinly interbedded sandstones and siltstones of the
Humbug Sandstone. (GR 500210 mE 6305680 mN)
(M.M Scott photograph)

£ORTBITREPES N\ R
Figure 3.9. Small-scale cross-bedding in fine-grained sandstones
of the Humbug Sandstone. (GR 511140 mE 6248700 mN)

(M.B. Duggan photograph)

Sandstone near the Lauriston prospect. (GR 502340 mE
6307720 mN) (M.M. Scott photograph).

Age

No fossils have been found in the Humbug Sandstone, but
its age is probably similar to the Clements Formation by
stratigraphic considerations.

Environment of deposition

The thick sequence of laterally extensive turbidites of the
Clements Formation, and laterally continuous massive very
quartz-rich sand deposits of the Humbug Sandstone,
indicates deposition in a deep marine basin.

Girilambone Group (Og) modified from
Andrews (1915)

Nomenclature, derivation, distribution and relations

Andrews (1915) described “... sandstones, quartzites,
slates, phyllites, and schists...” cropping out near
Hermidale and Girilambone northwest of Nyngan, and
named them the ‘Girilambone Series’. Russell & Lewis
(1965) and Rayner (1961; 1969) renamed the unit the
Girilambone Group and recognised low metamorphic grade
and multiple deformations. Brunker (1969) included the
‘Ballast Beds™ (Ballast Formation) and “Weltie Beds’ and
changed the name to ‘Girilambone Beds’, although later
authors (Baker er al., 1975; Baker, 1978) considered the
‘Ballast Beds’ to lie unconformably over the ‘Girilambone
Beds’ because of their lower metamorphic grade and lesser
deformation. Pogson & Felton (1978), noting that the
differences in grade and deformation were gradational, re-
incorporated the ‘Ballast Beds’, and restored the name
Girilambone Group to comply with the International
Stratigraphic Code (Pogson, 1982).

13

More-complete descriptions of the nomenclature of the
Girilambone Group may be found in MacRae (1987),
Pogson (1991), and Glen (1994).

The Girilambone Group is named after the town of
Girilambone (Cobar 1:250 000 map sheet area).

The Girilambone Group has a wide distribution in central
New South Wales, cropping out in the northwestern part of
its range between Nyngan and Cobar, and north to Bourke.
The southern end of this belt crops out in the western part
the Forbes 1:250 000 map sheet area (Figure 3.11).

Within the Forbes 1:250 000 map sheet area, the
Girilambone Group crops out around and north of
Condobolin, and about 25km east-northeast of
Condobolin. South of the Lachlan River, where it has not
been previously recognised, it occupies a narrow arcuate
belt, immediately west of the Booberoi Shear Zone, and
extends from Burcher and Nerang Cowal State Forest, to
just south of the railway crossing on Wilsons Lane
(GR 530600 mE 6265000 mN). Kemezys (1976) mapped
these rocks as the Silurian Banar Formation.

As the bottom of the Girilambone Group is not exposed, it
has wuncertain basal stratigraphic relationships. Also,
because of its poor outcrop, contacts with other units are
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Figure 3.11. Distribution of the Girilambone Group in the Forbes 1:250 000 map sheet area. Areas shaded black represent
substantial outcrop. Areas shaded grey represent distribution beneath surficial cover.

not exposed, but may be strongly inferred. It is faulted
against the Ordovician Lake Cowal Volcanic Complex, and
it is unconformably overlain by the Silurian Burcher
Greywacke; ignimbrite of the Silurian Ina Volcanics; the
Siluro-Devonian Manna Conglomerate; and Cainozoic
deposits. It has been intruded by the Silurian Billys
Lookout Granite and the Ina Volcanics (in part). Within the
Gilmore Fault Zone, the unit has inferred faulted contacts
with undifferentiated Ordovician ultramafic rocks and the
Siluro-Devonian Ootha Group.

Constituent units

North of Condobolin, magnetite quartz sandstone, red
siltstone, phyllite and chert, which comprise the Murda
Formation, are differentiated within the Girilambone
Group.

North of the Forbes 1:250000 map sheet area, the
Girilambone Group has been differentiated into the
Alandoon Chert, Break O’Day Amphibolite (Pogson,
1991), Mount Dijou Volcanics, Merrere Conglomerate
Member (Byrnes et al., 1992), Whinfell Chert Member
(Gilligan et al., 1994), Ballast Formation (Iwata et al.,
1995), Mount Royal Formation, Bogan Schist and Carolina
Forest Formation of the Tottenham Subgroup (Sherwin,

1996), Tritton Formation (Fogarty,
Murrawombie Schist (Berthelsen, 1998).

1998) and

Type area and thickness

The type area for the Girilambone Group is in the vicinity
of the Girilambone Copper mine (Andrews, 1915). Well-
exposed representative sections in the Condobolin region
are nominated at a road base quarry (GR 511200 mE
6345600 mN)  and  Condobolin  railway  cutting
(GR 514100 mE 6339250 mN). South of the Lachlan
River, a section of the Girilambone Group is exposed in a
cutting of the West Wyalong—Burcher railway at
GR 522960 mE 6281800 mN. The thickness of the
Girilambone Group is not known due to its structural
complexity and the lack of basement exposure. On the
northeastern limb of the Condobolin Anticline, where there
is some bedding control, the Girilambone Group has an
approximate maximum outcrop thickness of 3 km. This is
an estimated maximum as mesoscopic folding has
structurally thickened the unit.

Description

In the Forbes 1:250 000 map sheet area, the Girilambone
Group is typical of other areas of the group mapped
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elsewhere (e.g., Pogson, 1991; Sherwin, 1996), and
consists of tightly folded turbiditic quartzose siltstone,

phyllite, greywacke/sandstone, and chert. With the
exception of the chert, rocks of the group are
characteristically laminated with a millimetre-scale

differentiated layering (S,), usually parallel to bedding.
Where the proportion of micaceous layering is relatively
high, the rocks are almost schistose. The metamorphic
grade is low but may have attained mid-greenschist facies.
Outcrop of the Girilambone Group is generally poor and it
is moderately to strongly weathered. In some exposures,
the differentiated layering has been etched by weathering
with the quartz-rich layers standing proud of micaceous
layers by about a millimetre. In more weathered rock, it can
take on the appearance of a deeply weathered flow-banded
rhyolite. Colours in outcrop vary: generally grey to cream
or yellow, green, and reddish purple.

The quartz-rich layers are dominated by poorly sorted,
subangular to subrounded quartz (about 90%) up to 1 mm,
with undulose extinction. Grain boundary suturing is
common and the finer-grained quartz shows a weak
preferred orientation. They also contain minor detrital
feldspar (about 5%) and ?tuffaceous quartz chips, and
accessory muscovite, biotite, magnetite, apatite, zircon,
tourmaline, titanite, and rutile (Barron, 1998). The
micaceous layers consist of fine-grained muscovite, biotite,
and chlorite (after biotite).

Most of the Girilambone Group has low magnetic
susceptibilities (5 107 SI to 20 x 10? SI), although within
the Murda Formation, and occasionally elsewhere they
reach 500 x10° SI. On total magnetic images the unit
shows generally low magnetisation, except for linear
anomalies with a north-northwest trend, west of Billys
Lookout, which are interpreted to be ultramafic rocks — cf.
Yathella Serpentinite (Sherwin, 1996) — either faulted into
place, or as transposed layers. Gamma ray spectrometric
images show that the group has relatively low to moderate
Th, and low K except for an arcuate high-K anomaly
adjacent to quartz veins north of Condobolin.

Bedding (Sy) in the Girilambone Group is only
occasionally seen in outcrop, although this may reflect the
scarcity of outcrop rather than a complete overprinting of
Sy during deformation. In the cutting on the West
Wyalong—Burcher Railway, graded bedding is clearly
visible and has not been obliterated by the development of
later fabrics (Figure 3.12). Cross bedding and erosional
bases can be seen in outcrops around Condobolin.

Pogson (1991) identified S, in thin section, as rare relict
mica lenticles with their mineral cleavage discordant to
bedding. Around Condobolin, S; may be occasionally seen
in outcrop as a weakly developed, spaced cleavage. The
dominant planar fabric is S,, which is a metamorphic
differentiation, or an enhancement of S,. It is usually
parallel to bedding and is generally upright with a
meridional to sub-meridional strike. Associated F, folds of
bedding are very rare. Near Condobolin, where the best
outcrops are, a near-recumbent F, fold of bedding contains
a 1 mm to 5 mm, spaced, quartz-muscovite metamorphic

segregation, axial plane cleavage (S,) that overprints S,
(Figure 3.13).

A variably spaced crenulation cleavage, S;, overprints the
earlier fabrics in the Girilambone Group and is well-
developed in the mica-rich rocks (Figure 3.14). In the
psammites it is partitioned into centimetre-scale folds. It is
generally parallel, or sub-parallel, to S, in F; limbs.

Figure 3.12. Graded bedding (S;), S>, and S; visible in
Girilambone Group rocks in a cutting on the West Wyalong—
Burcher Railway. Bedding (steeply west-dipping) is defined
by compositional banding, shown as light grey to dark grey.
The light grey bands are psammitic beds that grade into the
dark grey pelites. S- is parallel to bedding, but is difficult to
see in this photograph. S; can be seen as a fine banding,
running from top left to bottom right, in the top centre of the
photograph. The dismembered quartz vein, shown in the
centre, is parallel to S>, although the boudinage suggests that
it may have formed in S,. (Field of view approx.

15 em x 10 ¢m). (P. Lyons photograph)

Figure 3.13. S,, S, and F> in Girilambone Group rocks exposed
in the Condobolin railway cutting. (GR 514500 mE
6339250 mN) ( M.M. Scott photograph)

A regional event that folded the overlying Siluro-Devonian
rocks resulted in a reorientation of Girilambone Group
structures in the Condobolin Anticline (Scott, 1999), but
did not result in any discernible fabric development within
the group.

In places, centimetre-scale kinks in the Girilambone Group
are evidence of a post-D; event. However, the lack of
outcrop makes the meaning of these kinks an uncertain one.
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Table 3.1. Bedding, and other surfaces, folds and deformations of the Late Ordovician to Early Silurian Benambran

Orogeny, recognised in Girilambone Group rocks around Condobolin.

Structural Elements Description Orientation
So Bedding Cross bedding, grading, erosional bases in Dips northeast on northern limb of
thinly bedded turbiditic sandstone and Condobolin Anticline, variable dips
siltstone, not commonly recognised in outcrop. | on southern limb due to F,, F; folding.

S D, Cleavage Weak developed and rarely preserved, with no | Shallow to moderate angle to S,

associated F, folds observed. cleavage.

S, |Ds Quartz-sericite Dominant structural fabric with striped Mean of 52°/054° and 42°/182° on
differentiated appearance from metamorphic segregation of limbs of Condobolin Anticline.

cleavage quartz and sericite. Axial plane to F, folds and
crenulates S,.

F, | D, | Mesoscopic Rare, tight to isoclinal, near-recumbent folds A single measurement of 29°/213°.
folds (see Figure 3.13).

Condobolin Macroscopic fold with angular fold closure,
Anticline and no associated cleavage. Delineated by
folded S, and S,

S; D; | Crenulation Crenulation cleavage and axial surfaces to kink | Preferred direction 77°/301° with
cleavage, kink bands, across which S, S,, S, are reoriented. mean 49°/293°. Also subhorizontal
band axial kink fold axial surfaces.
surface

F; D, Kink folds, Kink bands, chevron and rounded, conjugate Plunge north and south down limbs of
mesoscopic and box kink folds, and mesoscopic folds with | the Condobolin Anticline.
folds round fold closures.

Y 4y YK e
Figure 3.14. Early S, cleavage overprinted by a differentiated
layering (S-) formed by strong metamorphic segregation into
granoblastic quartz and sericite. Both of these fabrics are
overprinted by S; kink bands. Girilambone Group near the
Phoenix mine. Cross polars. Field of view 3.5mm x 2.2mm.
(GR 511250 mE 6343520 mN) (M. Scott photograph)

Whether or not they have been formed in response to a
regional stress or to movement on the Gilmore Fault Zone
is not known. Pogson (1991) identified a fourth order
structural surface in Girilambone Group rocks close to the
Cobar Supergroup and in fault-bounded blocks.

In the Condobolin area, two structural domains in the
Girilambone Group are recognised by consistently oriented
structural elements on the limbs of the Condobolin
Anticline. North of the anticline, S, strikes northwest to
southeast and S, dips moderately to the east-northeast.

South of the anticline, S, commonly dips moderately to
steeply to the south and southeast. The Condobolin
Anticline plunges 26° towards 120°, but has no associated
axial plane cleavage. Massive, milky-white quartz veining
is abundant in the Girilambone Group, and is associated
with the deformation and metamorphism. Structural
elements of the Girilambone Group rocks around
Condobolin are summarised in Table 3.1.

Folding (F,3) and metamorphism of the Girilambone
Group occurred during the Late Ordovician to Early
Silurian Benambran Orogeny (Pogson & Felton, 1978;
Scott, 1999).

Age

Late Ordovician conodonts were obtained from samples of
the Murda Formation (Percival, 1999a). These are
comparable to Darriwilian to Gisbornian age conodonts
and radiolaria obtained from chert and black siliceous
mudstone of the Ballast Formation (Stewart & Glen, 1985;
Iwata et al., 1995), although the temporal range of the
fossils from the Murda Formation extends through all of
the Late Ordovician.

Environment of deposition

Turbiditic sandstone and siltstone, and conodont-bearing
cherts, indicate a deep marine environment of deposition
— a back arc basin west of the Parkes—Narromine belt of
Ordovician island arc volcanism. The predominantly
quartzose nature of the Girilambone Group suggests an
eroded continental source similar to other Ordovician
quartzose turbiditic units of the Lachlan Fold Belt.
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Murda Formation (Ogm) nov

Nomenclature, derivation, distribution and relations

The Murda Formation is a newly recognised unit within the
Girilambone Group, named after Murda Trigonometrical
Station at GR 520100 mE 6345100 mN. Being resistant to
erosion, the unit forms a ridge trending northwest—
southeast between the Condobolin—North Condobolin road
and the Condobolin-Fifield road.

The Murda Formation forms a marker horizon within the
Girilambone Group, and is overlain unconformably with
angular discordance by the Manna Conglomerate in the
Narromine 1:250 000 map sheet area at GR 514100 mE
6348780 mN. The Murda Formation has been intruded by
mineralised Silurian quartz veins. It is overlain
unconformably by Cainozoic alluvium.

The Murda Formation has lithological similarities with
quartz-magnetite sandstones in the Mount Royal
Formation at Tottenham (Sherwin, 1996), and quartzite
marker horizons of the Tritton Formation at Girilambone
and Tritton (Fogarty, 1998; Berthelsen, 1998).

Type area and thickness

A section of the Murda Formation along the western
boundary road of the Murda State Forest, between
GR 516500 mE 6345500 mN and GR 516700 mE
6347100 mN, including a road base quarry at
GR 516750 mE 6346630 mN, is nominated as the type
section. A thickness of 750 m is estimated, although this is
a maximum due to structural thickening by mesoscopic
folding.

Description

Magnetite-bearing, massive, laterally extensive sandstone
beds give the Murda Formation its distinct character, which
allows it to be differentiated from the rest of the
Girilambone Group. Oxidation of magnetite to hematite
gives the rocks their distinctive red colouration. There are
also beds lacking magnetite, with white sandstone and grey
siltstone, phyllite, and chert also forming parts of the
formation. Sandstone and cherty siltstone are commonly
massive, 1 m to 2 m thick, and can be traced along strike.
Grey chert forms 2 cm to 3 cm thick beds in an intensely
folded sequence at GR 516750 mE 6346630 mN.

Magnetic susceptibilities (10 x 10™ SI to 500 x 107 SI) are
variable, and have a greater range and higher values than in
undifferentiated Girilambone Group. On total magnetic
images, the formation is subtly more magnetic. Striking
parallel to the Murda Formation are highly magnetic linear
anomalies, which, although not found in outcrop, are
interpreted to be magnetite-rich horizons. On gamma ray
spectrometric RGB images, the formation shows low K and
Th, but it has a distinctive signature allowing
differentiation from undifferentiated Girilambone Group.

Barron (1998) described thin sections of reddish beige, pale
red to red-purple quartzose sandstone and radiolarian chert

from the Murda Formation. The sandstones contain well-
sorted (0.3 mm) rounded grains of quartz, a trace of
feldspar, and metamorphic sandstone fragments in a minor
muddy matrix, with accessory muscovite, tourmaline,
magnetite, apatite, zircon, and brookite. The chert is slump-
folded and has minor opaque minerals, which, based on its
relatively high magnetic susceptibilities, are probably
magnetite.

Recrystallisation during metamorphism and deformation of
the Murda Formation produced mildly to strongly sutured
grain boundaries and subgraining, and minor aligned
sericite defining cleavage (Barron, 1998). Trails of two-
phase inclusions cross several grains, and quartz veins cut
across cleavage. The main cleavage (S,) is well-developed,
with a spacing of 1 mm to 2 mm in sandstones. S, is
deformed by F; folds and angular kinks.

Age

The ages of conodonts identified in samples taken from the
road base quarry at GR 516750 mE 6346630 mN span
almost all of the Late Ordovician (Percival, 1999a).

Environment of deposition

The Murda Formation, as part of the Girilambone Group,
was deposited in a back arc basin west of the Parkes—
Narromine Ordovician  volcanic arc.  Specifically,
anomalous quantities of magnetite in the Murda Formation
suggest a localised concentration of iron-rich minerals,
possibly pyrite, during the time of sedimentation, which
were subsequently oxidised to magnetite during
metamorphism. Correlation with similar units within the
Girilambone Group, associated with copper mineralisation,
suggest the Murda Formation and its adjacent relatively
high magnetic stratigraphic horizons in the Girilambone
Group could also be prospective for copper.

Lake Cowal Volcanic Complex (Ol) Miles
(1993)

Nomenclature, distribution, and relations

Miles (1993) used the term ‘Lake Cowal Volcanics’ and
Miles & Brooker (1998) applied the informal name ‘Lake
Cowal volcanic complex’ to the Ordovician volcanic and
intrusive rocks hosting the Lake Cowal Au—Cu province.
The name is derived from Lake Cowal, in the central west
of the Forbes 1:250 000 map sheet area. Although there is
almost no outcrop of the volcanic complex, being overlain
by as much as 100 m of Cainozoic cover, not including
overlying younger bedrock, it has a distinct magnetic
signature allowing its distribution to be mapped from
aeromagnetic data. Therefore, the name given by Miles
(1993) has been formalised to Lake Cowal Volcanic
Complex.

Surface exposures of the Lake Cowal Volcanic Complex
are confined to a small area, less than a square kilometre,
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Figure 3.15. Distribution of the Lake Cowal Volcanic Complex in the Forbes 1:250 000 map sheet area. Areas shaded black represent
substantial outcrop. Areas shaded grey represent distribution beneath surficial cover.

of sheared and altered rocks cropping out (GR 532400 mE
6272600 mN) just west of the West Wyalong—Burcher
railway, near Lake Cowal Siding. There are other minor
occurrences: as weathered subcrop and float of granodiorite
south of Lake Cowal in the vicinity of GR 538000 mE
6270300 mN; and at about GR 541500 mE 6285000 mN,
on a small point of the northeastern shore of Lake Cowal (I.
Miles, pers. comm., 1997). Disregarding a narrow strip of
overlying Siluro-Devonian Manna Conglomerate, the Lake
Cowal Volcanic Complex extends northwards from the
southern boundary of the Forbes 1:250 000 map sheet area,
between eastings 533000 mE and 534800 mE, to the
Lachlan River flood plain a few kilometres north of the
Lachlan Valley Way; a distance of about 85km
(Figure 3.15). Its maximum width is about 25 km in the
vicinity of Nerang Cowal, the ephemeral lake immediately
north of Lake Cowal.

The Lake Cowal Volcanic Complex continues southwards
into the Cootamundra 1:250 000 map sheet area, where the
rocks have been named the Belimebung Volcanics (Warren
et al., 1995). However, as the Belimebung Volcanics are
not exposed, any possible discrimination between the two
units, as named, cannot be made on geological grounds.

Therefore, the name Lake Cowal Volcanic Complex has
been applied within the Forbes 1:250 000 map sheet area
where the name has precedence over the name
Belimebung.

No type locality can be given for the Lake Cowal Volcanic
Complex due the lack of outcrop. What is known about the
rocks of the Lake Cowal Volcanic Complex comes mainly
from drillcore.

The Lake Cowal Volcanic Complex is fault-bounded to the
west by the Booberoi Shear Zone, and faulted against the
Ordovician Girilambone Group. To the east, the complex
has been thrust over the Late Devonian Hervey Group
along the Marsden Thrust. It is unconformably overlain by
the Silurian Ina Volcanics (a unit west of Nerang Cowal
confined to an area no more than 5 km?) and the Siluro-
Devonian Ootha Group. The extent of the complex shown
by aeromagnetic data is probably complete because the
overlying units are essentially non-magnetic and allow
detection of the complex to depths over 200 m.

Description

The outcrops near Lake Cowal Siding are not
representative of the Lake Cowal Volcanic Complex. They
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are a fine-grained, sheared, and extensively chlorite—
epidote—carbonate-altered  quartz-bearing rock (the
protolith is unknown but was probably sedimentary or
quartz-bearing  volcanic rock); an epidote-altered
plagioclase-phyric basalt; and possibly a quartz diorite,
which does not crop out but was excavated during trench-
digging for the high-pressure gas pipeline (which passes
the Lake Cowal Siding outcrop less than a kilometre to its
north). The foliation in the sheared outcrop dips 75°
towards 105°.

Miles & Brooker (1998) used drillcore and percussion
chips to describe the Lake Cowal Volcanic Complex
beneath Lake Cowal as consisting of intermediate calc-
alkaline volcanic, associated volcaniclastic, and epiclastic
rocks, and trachyandesite lava flows, intruded by syenite,
granodiorite, diorite, and gabbroic rocks. Miles (1993)
derived a local stratigraphic sequence for the Endeavour 42
(Cowal) Au deposit (GR 536900 mE 6276200 mN), which
includes polymict conglomerate, sandstone, laminated
pelites, trachyandesite lava flows, and associated
hyaloclastites.

Drilling by Newcrest Mining Limited (pers. comm., 1999),
north of Nerang Cowal and near Marsden, about 30 km
northwest of Wyalong, also intersected diorites, andesites,
volcaniclastic rocks, and shales (phyllites).

Regionally, the Lake Cowal Volcanic Complex is probably
largely undeformed, except for a zone about 5 km wide
along the western margin, where rocks of the complex were
affected by the Booberoi Shear Zone. There, the shearing
has produced pronounced north-south trends that show in
magnetic images. The eastern edge of the deformed margin
is prominent as a lineament of relatively low
magnetisation, broadening to the north and south into
relatively unmagnetised corridors. All outcrops coinciding
with these corridors are of the Siluro-Devonian Manna
Conglomerate, which may have been deposited in a narrow
rift within the Lake Cowal Volcanic Complex. Elsewhere,
numerous lineaments defined by low magnetic intensity
(assumed to be a consequence of demagnetisation of the
rock) and are probably localised faults and shears. Such
demagnetisation is likely to be caused by destructive
alteration of magnetite. Within the Endeavour 42 deposit,
the sequence dips about 30° to the west (Miles & Brooker,
1998), but drillcore samples show no development of axial
plane cleavage. Circular and oval magnetic anomalies, such
as the one centred near GR 542000 mE 6284000 mN, are
granodiorites, diorites, and gabbroic intrusions (Miles &
Brooker, 1998).

Geochemistry

The geochemistry of the Lake Cowal Volcanic Complex is
discussed under Ordovician volcanic geochemistry at the
end of this chapter. In summary, rocks of the Lake Cowal
Volcanic Complex are similar to other Ordovician arc
volcanic suites of the Lachlan Fold Belt (e.g., the Molong
High). The geochemical data for the Lake Cowal Volcanic
Complex suggests mantle-derived subduction-related
magmatism of a calc-alkaline nature.

Environment of formation

Because the Lake Cowal Volcanic Complex is virtually
unexposed, it is difficult to expand on the environment of
formation. It is part of an island arc formed during Middle
to Late Ordovician subduction, and the presence of
laminated shales shows that at least some of the deposition
was taking place below wave base. It is impossible to say
whether the Lake Cowal Volcanic Complex was ever
emergent. The polymict conglomerates are evidence of
mass-flow deposition. The lack of known limestone or
coralline debris means that it is impossible to know
whether there were fringing reefs.

Age

Perkins et al. (1995) reported a K-Ar age of 456 Ma for a
hornblende from the subcropping granodiorite south of
Lake Cowal. Detrital zircons in the Manna Conglomerate,
which are interpreted here to have been derived from the
Lake Cowal Volcanic Complex, gave a consistent U-Pb
age of 452.2+2.0Ma (L.P. Black, pers. comm., 1999).
However, both those ages must be minima because Perkins
et al. (1995) cautioned that their K-Ar data may have
recorded some Ar loss. Given that the Wagga Group, which
was deposited in the Wagga Marginal Basin to the west,
contains Darriwilian conodonts (Percival, 1999a), it is
likely that the subduction-related volcanism commenced
no later than late Middle Ordovician. Perkins et al. (1995)
indicated that the Lake Cowal mineralising event occurred
at about 440 Ma, which implies that the volcanism must
have ceased by the beginning of the Silurian.

Northparkes Volcanic Group (Op) nov

Derivation of name

The Northparkes Volcanic Group is named after the
Northparkes mine, about 27 km northwest of Parkes, near
the southern margin of the Narromine 1:250 000 map sheet
area. Establishment of this new stratigraphic unit was made
necessary by raising of the former ‘Gunningbland Shale
Member’ and ‘Billabong Creek Limestone Member’ (of the
Goonumbla Volcanics) to full formation status. The name
Northparkes was selected to reflect the economic
significance to the region of constituent stratigraphic units
within the Northparkes Group.

Distribution and outcrop

In the Forbes 1:250 000 map sheet area, outcrops of
Northparkes Volcanic Group rocks are scattered from
immediately east of Parkes to as far west as Gunningbland,
and south to the vicinity of the Forbes abattoir. The
maximum east-west extent of this outcrop is about 25 km
(Figure 3.16). Also included in the Northparkes Volcanic
Group is an isolated outcrop of Goobang Volcanics, 15 km
northeast of Parkes, which represents the surface
expression of a much larger unexposed tract interpreted
from geophysical evidence. The main outcrop belt of the
Northparkes Volcanic Group extends for approximately
40km in a generally northeasterly direction onto the
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Figure 3.16. Distribution of the Northparkes Volcanic Group in the Forbes 1:250 000 map sheet area. Areas shaded black represent
substantial outcrop. Areas shaded grey represent distribution beneath surficial cover.

adjoining Narromine 1:250 000 map sheet area. Float of
volcanic units attributed to the Northparkes Volcanic Group
is associated with mine dump material as far north as
Tomingley, about 50 km beyond the northern edge of the
Forbes 1:250000 map sheet area. Aeromagnetic data
indicate that inferred volcanic units continue further north,
where they are overlain by Mesozoic and Cainozoic rocks
of the Great Australian Basin.

Outcrop of rocks included in the Northparkes Volcanic
Group is generally of low to moderate relief, with
representative exposures sited around Parkes (e.g., Nash
Hill — also the location of Parkes Trigonometrical Station
— 5.5 km north of the city, and Millers Lookout, 7 km
northwest), in an open cut associated with mining
operations at the London-Victoria mine west of Parkes, and
in the Goonumbla Quarry. Volcanic and volcaniclastic
rocks forming much of the group are otherwise poorly
exposed as low rises and, where obscured by soil, rubble
and float in ploughed paddocks may provide an indication
of the occurrence of these units. Sedimentary rocks in the
vicinity of Gunningbland are occasionally moderately well
exposed, particularly the limestones, whereas associated