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Project Summary

This report describes a project undertaken for the Resource and Conservation
Assessment Council as part of the regional assessments of western New South
Wales. The Resource and Conservation Assessment Council advises the State
Government on broad-based land use planning and allocation issues. An essential
process for the western regional assessments is to identify gaps in data information
and the best ways in which to proceed with data gathering and evaluation.

PROJECT OBJECTIVE(S)

The Geology — Integration and Upgrade project for the Nandewar study, was implemented
by the NSW Department of Mineral Resources, Geological Survey of New South Wales
branch. The aim was to significantly, and rapidly, improve the existing geological mapping.
The objective was to prepare an integrated and upgraded geological dataset for use in
scientific and resource assessments and as natural heritage information.

METHODOLOGY

The project was implemented in two phases:

=  Phase One required the assembly and integration of immediately available digital
geoscience mapping data across the study area. This allowed early release of existing
information as a composite working dataset. No new data was generated during this
phase. Some source data was over thirty years old and quality varied.

» Phase Two encompassed the rapid upgrading of geological mapping using the best
available remote-sensed and supporting datasets. This phase built on the geological
understanding in existing maps supplemented by information derived from newer
geological publications, reports and theses. The major advance in geological information
derived from the interpretation of remote-sensed data comprising high resolution
geophysics (magnetics and radiometrics), Landsat 7 satellite data, and digital terrain
data.

Comparison of existing geological information with remote-sensed data allowed on-screen
mapping and revision of the geology. Interpretations were validated using existing data (for
example maps, drillhole databases, and geoscience observation sites). A small amount of

1 NSW WESTERN REGIONAL ASSESSMENTS — NANDEWAR



field reconnaissance was undertaken. In addition, the whole rock geochemistry was

determined for several samples collected during this project.

KEY RESULTS AND PRODUCTS

The key product is a new, internally consistent interpretation of the surface geology. This

interpretation exists as digital spatial data of geological units. Attribute tables in these

datasets allow many different types of data inquiry. A report describes the data produced and

summarises the geology of the Nandewar study.

The geology mapping upgrade project has resulted in:

a seamless, internally consistent geological dataset

a seamless bedrock geology interpretation

correlation and simplification of names of widespread geological units

an improved understanding for the development of the Werrie Basin and Ashford Coal
Measures

new insights into the age relations and geochemistry for Tertiary volcanic rocks in the
New England area

recognition of mappable variation (geophysical and lithological) within the Wandsworth
Volcanic Group

significant changes to the extent of accretionary complex units within the Central Block

identification of previously unrecognised igneous intrusions

The maps and datasets should be useful for many aspects of natural resource assessment and

modelling, for improved geological understanding and for mineral potential studies.

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR 11
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Acronyms and abbreviations

DMR: Department of Mineral Resources

K: Potassium

Th: Thorium

U: Uranium

Ss.: Sandstone

Cgl.: Conglomerate

Fmn.: Formation

K-Ar: Potassium — Argon

U-Pb: Uranium — Lead

Rb-Sr: Rubidium — Strontium

SHRIMP: Sensitive High Resolution lon MicroProbe
Ma: Million years

GIS: Geographic information system

WRA: Western Regional Assessment

RFA: Regional Forestry Agreement

RACAC: Resource and Conservation Assessment Council
GR: Grid reference

GDAY4: Geocentric Datum of Australia, 1994

MGA: Map Grid Australia

AGDG66: Australian Geodetic Datum, 1966

AMG: Australian Map Grid
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GEOLOGY INTEGRATION AND UPGRADE

accretionary wedge: a mass of sediment and oceanic lithosphere that is transferred from a
subducting plate to the less dense overriding plate with which it converges.

actinolite: a greenish member of the amphibole group of minerals; a common low-medium
grade metamorphic mineral.

alkali(c): said of silicate minerals that contain alkali metals but little calcium; for example
the alkali feldspars.

alkaline basalt: a type of basalt, chemically distinct from tholeiitic basalts due to their
higher component of alkali metals.

allochthonous: formed or produced elsewhere than in its present place; of foreign origin, or
introduced.

alluvial deposits: sedimentary deposits, which consist of material that has been transported,
suspended, or laid down by a stream. They may be modern (ie active) or fossil (ie
palaeochannel).

alluvium: a general term for clay, silt, sand, gravel, or similar unconsolidated detrital
material, deposited during comparatively recent geologic time by a stream or other body of
running water.

andesite: an extrusive rock of intermediate composition.

anticline: a fold, generally convex upward, whose core contains the stratigraphically older
rocks. Ant. syncline.

arenite: synonym of sandstone.

argillaceous: pertaining to, largely composed of, or containing clay-size particles or clay
minerals; said of a sediment (such as marl) or a sedimentary rock (such as shale) containing
an appreciable amount of clay.

argillite: A compact rock, derived either from mudstone (claystone or siltstone), or shale,
that has undergone a somewhat higher degree of hardening than mudstone or shale but is less
clearly laminated and without its fissility, and that lacks the cleavage distinctive of slate.

arkose: A feldspar-rich sandstone that is usually derived from the rapid disintegration of
granite or granitic rocks, and often closely resembles granite.

augite: a dark-green to black mineral of the pyroxene group of minerals, common in mafic
igneous rocks.
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autochthonous: formed or produced in the place where now found. Applied to a rock the
dominant constituents of which have been formed in situ.

back arc: a depression landward of a volcanic arc in a subduction complex, which is lined
with trapped sediment from the volcanic arc and the landward plate.

basalt: a general term for dark-coloured mafic igneous rocks, commonly extrusive but
locally intrusive; the fine-grained equivalent of gabbro.

basanite: a feldspathoidal olivine basalt.

basin: a segment of the earth's crust which has been downwarped or downfaulted, in which
thick layers of sediments have accumulated over a long period of time.

batholith: a large, generally discordant plutonic mass that has more than 100 square
kilometres of surface exposure and no known floor.

blueschist: a bluish schistose metamorphic rock.

breccia: a coarse-grained clastic rock, composed of angular broken rock fragments held
together by a mineral cement or in a fine-grained matrix; it differs from conglomerate in that
the fragments have sharp edges and unworn corners. Breccia may originate as a result of
talus accumulation, explosive igneous processes, collapse of rock material, or faulting.

chert: a sedimentary rock of amorphous or extremely fine-grained silica, usually formed
from the skeletal remains of marine organisms, found in concretions and beds.

clastic: consisting of fragments of minerals, rocks, or organic structures that have been
moved individually from their places of origin.

coal measures: a sequence of rocks containing coal.

coal: the product of lithified plant remains, usually accumulated in peat beds and
progressively compressed and hardened until it is finally altered into volatile graphite-like
material.

colluvial: said of any loose, heterogeneous and incoherent mass of soil material and/or rock
fragments deposited by rainwash, sheetwash, or downslope creep, usually collecting at the
base of gentle slopes or hillsides.

comendite: a sodic rhyolite containing alkalic amphibole and/or pyroxene.

dacite: a fine-grained felsic extrusive rock; according to manys, it is the extrusive equivalent
of granodiorite.

detrital: synonym of clastic.

dip: the angle at which a bed, stratum, or vein is inclined from the horizontal, measured
perpendicular to the strike and in the vertical plane.

Vi
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eclogite: a granular metamorphic rock composed essentially of garnet and sodic pyroxene
(omphacite), usually indicating high pressures of crystallisation.

en echelon: said of geologic features that are in an overlapping or staggered arrangement,
e.g., faults. Each is relatively short, but collectively they form a linear zone, in which the
strike of the individual features is oblique to that of the zone as a whole.

epiclastic: said of sedimentary rocks whose fragments are derived from weathering or
erosion.

eutaxitic: said of the banded structure of certain extrusive igneous rocks, which results in a
streaked or blotched appearance.

facies: a term of wide application, referring to such aspects of rock units as rock type, mode
of origin, composition, fossil content, or environment of deposition.

fault: fracture along which there has been movement.

felsic: said of igneous rocks composed chiefly of light-coloured minerals (feldspar and
quartz); generally having a silica content of greater than 65%.

ferruginous: pertaining to or containing iron; for example a sandstone that is cemented with
iron oxide.

fiamme: (It.) flame; used to describe flame-textured rocks.
fluvial: produced by the action of a stream or river.
fold belt: a linear or arcuate region that has been subjected to folding and other deformation.

fore arc basin: a depression in the sea floor located between an accretionary wedge and a
volcanic arc in a subduction subduction zone and filled with trapped sediment.

gabbro: a dark-colored, mafic intrusive igneous rock; it is the approximate intrusive
equivalent of basalt.

granite: a medium- to coarse-grained felsic igneous intrusive rock.

granulite: a metamorphic rock consisting of even-sized, interlocking mineral grains less
than 10% of which have any obvious preferred orientation.

hawaiite: a type of olivine basalt in which the plagioclase is less calcic than normal basalt.

hypersthene: a dark-coloured mineral of the pyroxene group that is a common rock-forming
mineral in intermediate to mafic igneous rocks.

ignimbrite: the rock formed by the widespread deposition and consolidation of volcanic ash
flows.

imbrication: a sedimentary fabric characterised by disc-shaped or elongate fragments
dipping in a preferred direction at an angle to the bedding.
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in situ: in the natural or original position. Applied to a rock, soil, or fossil when occurring in
the situation in which it was originally formed or deposited.

intermediate: said of an igneous rock that is transitional between mafic and felsic; generally
having a silica content of 54% to 65%.

I-type: pertaining to granitoids that are derived from the partial melting of an igneous
source.

jasper: a dense opaque to slightly translucent cryptocrystalline quartz containing iron oxide
impurities; characteristically red.

kaolinite: the most common of the clay minerals.
lacustrine: produced in a lake.

leuco-: a prefix meaning “light-coloured”; used to designate a rock that is more felsic than
the specified range, for example leucogranite.

limestone: a sedimentary rock composed principally of calcium carbonate (CaCOs), usually
as the mineral calcite.

lithic: said of a sedimentary rock or a pyroclastic deposit containing abundant fragments of
previously formed rocks; also said of such fragments.

lithology: The character of a rock described in terms of its structure, colour, mineral
composition, grain size, and arrangement of its component parts; all those visible features
that in the aggregate impart individuality to the rock.

mafic: said of igneous rocks composed chiefly of dark-coloured minerals (iron and
magnesium bearing minerals); generally having a silica content of less than 55%.

magma: molten rock material that forms igneous rocks upon cooling. Magma that reaches
the surface is referred to as lava.

magnetite: a metallic, black mineral that is strongly magnetic.
matrix: the finer-grained material between the larger particles of a rock .

melange: a body of rock characterised by a lack of internal continuity of contacts or strata
and by the inclusion of fragments and blocks of all sizes, both exotic and native.

miarolitic: a term applied to small irregular cavities in igneous rocks, especially granites,
into which small crystals of the rock-forming minerals protrude.

mugearite: a type of olivine basalt that is potassium feldspar bearing.

mylonitic: showing an intense microbrecciation and shearing which gives the appearance of
a flow structure.

nepheline: a mineral that is a common constituent of alkalic igneous rocks.
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olivine: a greenish magnesium and iron bearing mineral that is common in mafic and
ultramafic rocks.

oolitic: pertaining to a rock or mineral made up of ooliths, small round or ovate accretionary
bodies in a sedimentary rock. They are usually formed of calcium carbonate, but may be of
dolomite, silica, or other minerals, in successive concentric layers, commonly around a
nucleus such as a shell fragment, an algal pellet, or a quartz-sand grain, in shallow, wave-
agitated water.

ophiolite: Ocean-floor mafic and ultramafic igneous rocks that form in the early stages of
orogenesis and are often subject to later metamorphism, including serpentinisation

orogen: a region that has been subjected to intense folding and other deformation.

orogeny: the processes of mountain formation, especially of the intense deformation of rocks
by folding and faulting, often accompanied by metamorphism, invasion of molten rock, and
volcanic eruption. Syn. orogenesis.

orthoconglomerate: a conglomerate that has been derived from an igneous rock parent.
paraconglomerate: a conglomerate that has been derived from a sedimentary rock parent.

pelagic: pertaining to a deposit found in deep water far from shore and may be
predominantly either organic or inorganic in origin.

petrography: a general term for the science dealing with the description and classification of
rocks, based on observations in the field, on hand specimens, and on thin sections.

phonolite: a fine-grained alkaline felsic-intermediate extrusive igneous rock.

plagioclase: a series of calcium and sodium feldspars that at high temperatures form a
complete series from albite, NaAlSi;Os, to anorthite, CaAl,Si,Os,

polymictic: said of a clastic sedimentary rock composed of many rock types, or a
conglomerate with more than one variety of pebble; also, said of the clasts of such a rock.

prehnite: a light green to white mineral that is a characteristic mineral of low temperature,
burial metamorphism.

pumpellyite: a greenish mineral that is a characteristic mineral of low temperature burial
metamorphism.

pyroclastic: said of rocks formed by the accumulation of fragments of volcanic rock
scattered by volcanic explosions.

quartzite: sandstone composed of silica grains so firmly cemented by silica that fracture
occurs through the grains rather than around them.

radiolaria: Marine protozoans that possess complex internal siliceous skeletons.
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regression: the retreat or contraction of the sea from land areas, and the consequent evidence
of such withdrawal (such as enlargement of the area of deltaic deposition). Ant.
transgression.

rhyolite: a felsic extrusive igneous rock; the extrusive equivalent of granite.

serpentinite: a rock consisting almost wholly of serpentine-group minerals, derived from the
alteration of ferromagnesian silicate minerals, such as olivine and pyroxene. Accessory
chlorite, talc, and magnetite may be present.

smectite: any clay mineral with swelling properties and high cation-exchange capacities; an
expansive clay.

stratigraphy: the science of the description, correlation, and classification of strata in
sedimentary rocks, including the interpretation of the depositional environments of those
strata.

strike: the course or bearing of the outcrop of an inclined bed, vein, or fault plane on a level
surface; being the direction of a horizontal line perpendicular to the direction of the dip.

S-type: pertaining to granitoids that are derived from the partial melting of a sedimentary
source.

subduction: the process of one lithospheric plate descending beneath another.

syncline: a fold, generally concave upward, whose core contains the stratigraphically
younger rocks. Ant. anticline.

tectonic: structural or deformational.

terrane: a fault-bounded body of rock of regional extent, characterised by a geologic history
different from that of contiguous terranes; generally considered to be a discrete
allochthonous fragment of oceanic or continental material added to a craton at an active
margin by accretion.

terrigenous: derived from the land or continent.

tholeiitic basalt (tholeiite): a type of basalt, chemically distinct from alkaline basalts due to
their lower component of alkali metals.

tor: a high, isolated crag, pinnacle, or rocky peak; or a pile of rocks, much jointed and
usually granitic, exposed to intense weathering, and often assuming peculiar or fantastic
shapes.

trachyte: a fine-grained felsic-intermediate extrusive igneous rock.

transgression: the spread or extension of the sea over land areas, and the consequent
evidence of such advance (such as strata deposited unconformably on older rocks). Ant.
regression.

tuff: a general term for all consolidated pyroclastic rocks. Adj. tuffaceous.
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turbidite: a sediment or rock deposited from, or inferred to have been deposited from, a
turbidity current (a bottom-flowing current laden with suspended sediment, moving swiftly
down a subaqueous slope and spreading horizontally on the floor of the body of water).

ultramafic: said of an igneous rock composed solely of dark-coloured minerals, for example
monomineralic rocks composed of hypersthene, augite, or olivine.

unconformity: The structural relationship between rock strata in contact, characterised by a
lack of continuity in deposition, and corresponding to a period of non-deposition,
weathering, or especially erosion prior to the deposition of the younger beds, and often
marked by absence of parallelism between the strata.

volcaniclastic: pertaining to a clastic rock containing volcanic material in whatever
proportion, and without regard to its origin or environment.
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GEOLOGY INTEGRATION AND UPGRADE

1 | Introduction

1.1 BACKGROUND

In 1999, the NSW Government initiated a series of regional assessments of western New South
Wales starting with the Brigalow Belt South Bioregion. The Nandewar Western Regional
Assessment follows from, and builds upon the Brigalow assessment.

The assessments have been coordinated through the Resource and Conservation Assessment
Council (RACAC). RACAC and the participating agencies provided funding for the various
projects. The purpose of the Western Regional Assessments (WRAS) is to improve our
knowledge of natural resources, to help future land use planning decision-making, and to
encourage partnerships to protect the environment. A number of government agencies including
the Department of Mineral Resources are involved, as are many local and regional stakeholders.
The Nandewar WRA area is the second area to be assessed as part of the initiative. The
Nandewar WRA area includes the Nandewar Bioregion and additional areas to the east such
that the area extends to the western boundary of the Upper and Lower North East
Comprehensive Regional Assessment areas completed for the east coast Regional Forestry
Agreement (RFA) process.

In January 2003, the Department of Mineral Resources (DMR) commenced the regional
assessment of the Nandewar study area. The DMR has undertaken two major projects as part of
the Nandewar assessment:

NANDO04 Nandewar Geology Integration and Upgrade, and
NANDO7 Nandewar Mineral and Petroleum Resources and Potential.

The primary objective of the “Geology — integration and upgrade” project was to provide a
series of geoscientific datasets on the geology to be used in subsequent scientific assessments,
including, soil, flora, fauna and mineral assessment modelling.

The Western Regional Assessments in western NSW requires modelling of many natural and
economic parameters. At various times, mineral (including metallic and industrial minerals) and
petroleum deposits may have accumulated in particular geological settings. The knowledge of
the geological settings in an area is built into geological datasets and can be then directly
applied to mineral and petroleum exploration.

Geological maps represent one of the most fundamental datasets that can be used for natural
and economic resource studies in any area. Rocks form in a wide variety of environments and in
the Nandewar study area rock-forming environments have included:

= Lakes and rivers
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= Shallow oceans and seas

= Deep oceans

=  Volcanoes and volcanic arcs (including explosive and more passive events)
=  Plutonic and deep crustal settings, and

= Mantle (sub crustal) settings

Rock types vary both chemically and physically. Variations play a primary role in determining
soils. Types of rocks present and their geological history are major factors in determining
topography. These in turn lead to variations in soils and soil fertility and other factors, which
play a role in flora variations which themselves affect fauna. The geological history of an area
can be complex and the present landscape is the product of this history that can be traced back
hundreds if not thousands of millions of years.

The geology of the Nandewar WRA area had been mapped by the Geological Survey of New
South Wales at 1:250 000 scale, for the most part during the 1970s at a rapid reconnaissance
standard. In some areas a subsequent series of metallogenic maps upgraded some of this
mapping but in other areas these maps were more geologically generalised than earlier maps. In
addition, limited areas were covered by more detailed mapping, generally at 1:100 000 scale,
some of which was compiled from field work at 1:25 000 scale.

These data exist as hardcopy maps and digital geological coverage of individual 1:250 000
sheet areas of the most recently published maps. The digital datasets contain various levels of
detail and vary in age and quality. The detail of geology available for any particular area has
been a function of the availability of technical resources and priorities established over more
than 125 years of geological mapping in New South Wales.

Western Regional Assessments (WRAs) have required the re-evaluation of the existing datasets.
Limitations of the existing data have been recognised along with the appreciation that many of
the users of geological maps are requiring more information on the near surface units. Many
dated geological maps paid scant attention to the surficial units. In addition, other scientific
studies, such as mineral potential assessments, require interpretations of interesting geological
units even where they are covered by surficial materials (for example units extending under
river channels).

As a result, the geological mapping integration and upgrade project was developed to synthesise
existing data and improve the mapping of surface units and interpretation of bedrock covered by
surficial units.

Far more detailed interpretation of the surficial geology has been possible because of:

= an increasing awareness of, and a descriptive framework for, surficial units be they
weathered rock, soil or transported but unconsolidated material,

= the availability of new datasets such as satellite imagery (Landsat 7), radiometrics
(measuring variations in the small amounts of natural radioactivity occurring in all rocks),
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magnetics (measuring small distortions in the Earth’s magnetic field caused by magnetic
minerals in rocks) and digital terrain models (computer generated three dimensional views
of the Earth’s surface),

= access to computer and geographic information system and image processing technology
that allows rapid interpretation of geological units over large areas.

Some of this work blurs the boundary with geomorphology, soils mapping and what is now
termed regolith mapping. This project recognises that much of the Australian landscape
represents the product of extensive weathering and transport of surficial material.

Improved interpretation of covered bedrock has been possible because of improved datasets
(especially aeromagnetics) and because the nature of the geology of the study area allows for
regional interpretations to be made with confidence.

The result has been a new, integrated and internally consistent geological interpretation and
recompilation of the geology of the Nandewar WRA study area.

The project reported here describes the geological integration and upgrade project. In the first
instance, available and existing information was integrated into a single useable dataset. It also
describes in summary form the geology of the study area.

GEOLOGY IS A FUNDAMENTAL DATASET

Geology is the science that deals with the earth, the rocks of which it is composed, and the changes
which it has undergone or is undergoing (Macquarie Concise Dictionary).

A geology map is a simplified representation of the geological units occurring in an area. Mapped
geological units can comprise one or several types of rock, but they are generally grouped when they
have a similar age and formed in similar ways.

Geology maps underpin many natural resource studies. The rocks weather to soils, and the chemistry
and hardness of rocks, and the geological history of the area along with the effects of climate, have
together resulted in the landscape we now see. Flora and fauna strongly correlate with geology and
hence soils and the landscape. Mineral deposits form in specific types of geological settings and by
understanding the geology we can predict where mineral and petroleum deposits might be found.
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GEOLOGY INTEGRATION AND UPGRADE

Methodology

2.1

INTRODUCTION

Geological maps are a representation of the distribution of packages of rocks across a given
area. Typically maps are constructed by grouping rocks with similar ages, lithologies (rock
types) or those formed in similar geological settings.

Maps are prepared by making a limited number of point observations in the field. When broad
mappable rock units have been identified, boundaries between mappable units are recorded. In
detailed maps, important boundaries can be traced in the field and recorded onto base
information such as aerial photographs or topographic maps. In other areas, boundaries can be
interpreted between observation points by inference or interpolation. For example, if two
different rock units were observed a kilometre apart but the contact between these units could
not be seen, a boundary can be inferred.

As technology has progressed, it has been possible to use additional support information to help
determine where geological unit boundaries should be mapped. In addition, it is not necessary
to repeat good field observations where they have been well recorded and located.

This project has made much use of newly available technology and data including:

B new datasets such as airborne geophysics;

B geographic information system (GIS) and image processing software for viewing and
interpreting information;

B computer systems which allow availability and sharing of a large range of existing datasets;
and

B aproject environment which allowed for direct recording of interpreted boundaries from
the supporting datasets.

The methodology used for this project has been modified substantially from standard regional
mapping practice. Nevertheless, this project has generated information which can be linked to
existing DMR data systems (such as COGENT) and can be integrated with other natural
resource datasets.

The focus has been on obtaining the maximum benefit from new information and processes to
improve existing maps within the constraints of available time and resources. As a result, many
of the improvements to mapping have derived from improving the spatial accuracy between
units already known to exist. In addition, geophysical datasets allow the recognition of groups
of units with similar characteristics over large areas. In the past some of these associations had
not been recognised. Only a very small amount of field validation has been possible during this
project.
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2.2 PHASE ONE - INTEGRATING EXISTING DATA

221 Geological mapping and data available at the start of this project

Maps of the geology of the State of New South Wales exist in many forms and scales. The most
simplified maps cover the whole state on a single small sheet and by necessity are very
generalised. Large areas are grouped together by similarities of lithology (rock type), age, or the
geological setting in which the rocks were formed or can now been found (for example
sedimentary basins). The maps are very useful for making syntheses over large areas.

The most commonly available geology maps have been published at scales of 1:250 000 or
1:100 000. At these scales it is possible to graphically represent units as small as about 250
metres to 100 metres across. Typically, however, units on these maps are from hundreds of
metres to kilometres across. Most maps can be described as lithostratigraphic maps.
Lithostratigraphic maps use a combination of rock types as well as stratigraphic position (or
order of formation) to represent units. For example, a sequence made up of beds of sandstone
and shale might be mapped as a formation comprising sandstone and shale as it would be
impossible to effectively map the individual lithologies (i.e. rock types such as sandstone and
shale) at the scale of the map. In many areas it is impossible to effectively map rock types in
detail because of the lack of outcrop and because many rock units consists of many interbedded
types of rocks.

In some areas, geological mapping has been undertaken at scales of 1:10 000 scale or larger.
Mineral exploration companies have typically done this type of mapping over small areas
during mineral exploration. Geological researchers and geology students commonly investigate
a particular geological feature in a relatively small area. This type of mapping tends to focus on
the distribution of particular types of rocks and can sometimes include mapping that separates
outcrops from soil-covered areas.

The source data used at the start of this project is derived from geological maps at 1:250 000
and 1:100 000 scale maps published by the Department of Mineral Resources and its
predecessors. Many of these had been digitised from hardcopy. The data comprised a series of
datasets each covering the area of the source map. In effect, the data represented information of
the age of the source maps. The oldest maps where published in 1969 and the most recent was
published in 2001. An index to the 1:100 000 and 1:250 000 map sheets that intersect the
Nandewar study area can be observed in Figure 2-A and Table 2-A.

To effectively use these datasets, each had to be standardised and then joined. A continuous
topologically structured geological coverage was created in Arc/Info for Phase One and
comprised parts of the sheets shown below.
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Figure 2-A. Index to 1:100 000 and 1:250 000 map sheets in the Nandewar study area.
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Table 2-A. Index to 1:250 000 map sheet names in the Nandewar study area.

Sheet number Map sheet name Australian Map Grid Zone
SH/56-2 WARWICK AMG56
SH/56-1 GOONDIWINDI AMG56
SH/56-6 GRAFTON AMG56
SH/56-5 INVERELL AMG56
SH/56-9 MANILLA AMG56
SH/55-12 NARRABRI AMG55
SH/56-13 TAMWORTH AMG56

2.2.2 Phase One - data preparation

The geology for Phase One was compiled from:

= Published 1:250 000 scale geological maps of the Goondiwindi and part of the western
Tamworth (1971) geology sheets.

= Geological information on Department of Mineral Resources published 1:250 000
metallogenic maps for the Inverell (1997), Manilla-Narrabri (1992), Tamworth- Hastings
(1987) and Grafton-Maclean (2001) map sheets.

= Geological data compiled in digital form for the Brigalow Belt South Bioregion Geology
Integration and Upgrade project (to the west) and the Upper and Lower North East
Comprehensive Regional Assessment (CRA) areas (to the east). These datasets were held in
the Department of Mineral Resources.

2.2.3 Phase One - digitising and data processing

BRIGALOW BELT SOUTH: Data from the DMR Geology Integration and Upgrade project
Barnes et al (2002) abuts the Nandewar study area to the west and included a fifteen kilometre
buffer overlapping the Nandewar study area. This information provided a starting point for
further development of the digital geology of the Nandewar.

UPPER NORTH WEST: The dataset UNRWS5GE was created for previous regional studies
and includes parts of the Goondiwindi, Inverell, and Manilla 1:250 000 sheets. These data were
derived from geological base maps used for metallogenic mapping. Attributes were assigned on
a sheet-by-sheet basis and boundary errors had not been corrected.

LOWER NORTH EAST: The datasets created for previous Comprehensive Regional
Assessment studies were the UNERSGE covering northeastern NSW and the LNEN5SGE
(Lower Northeast North), LNES5GE (Lower Northeast South), TAMW4GE (Tamworth West),
MURRAGE (Murrurundi) and GUTASGE (Gunnedah—-Tamworth) data. These were combined
and attributes assigned on a sheet by sheet basis. This is essentially data prepared for the Lower
North East CRA in the Tamworth and Singleton sheets combined with some additional data in
the western Tamworth sheet area. Additional data from Winston Pratt (geologist, Singleton
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2.2.5

office) was incorporated to update an area across the GUTASGE — TAMW4GE map edge at
Caroona. Part of this dataset had been used in the eastern parts of the Brigalow Belt South
digital geology dataset.

A compilation by Emeritus Professor John Roberts (University of New South Wales) of specific
rock units in the west of the study area had been digitised by Ken McDonald using Autocad and
was included in the Brigalow overlap data.

Phase One - Attribution of mapped geological units

In order to make a geological dataset useful, descriptions of the geological units must be
prepared. This information has traditionally been carried as a geological legend on the face of
the geological map. With the advent of GIS, it has been possible to add a substantial amount of
additional information, which can help to categorise the mapped units.

For Phase One, information on geological units was assembled from the map legends and added
to a single table. A large amount of the information which exists on a map face contains implicit
information, and for database purposes it is necessary to make this information explicit.

The Phase One geology coverage was released for distribution to stakeholders as

“Nand5ge amg56 - Interim geological coverage of the Nandewar Western Regional
Assessment area in NSW at 1:250,000 scale equivalent comprising the area covered by parts of
the Narrabri SH/55-12, Goondiwindi SH/56-1, Inverell SH/56-5, Manilla SH/56-9, Tamworth
SH/56-13 and Grafton SH/56-6 sheet areas” in April 2003. The coverage of the geology was
released as polygons (nand5geology poly), and as separate arc coverage (nand5geology line)
of geological boundaries and faults at 1:250 000 scale equivalent. The coverage portrays
mapped geological units and is attributed with lithological and stratigraphic descriptions.

Limitations of existing data in Phase One

A number of inadequacies and inconsistencies existed in the Phase One data. These were:

B the range in ages of the source datasets and hence state of geological knowledge portrayed,

B the varying styles of portrayal of geological units;

B variations in the original purpose of the maps available (for example data included standard
geological maps, maps prepared as bases for metallogenic maps and maps prepared to
portray coalfields information);

m differing scales of source datasets; and most importantly

® that all the maps had been prepared before the availability of detailed regional airborne
geophysical data.

These factors meant that the Phase One geological coverage could not be used effectively for
region-wide modelling or portrayal of units. As a consequence, it was considered necessary to
upgrade these datasets using rapid interpretation techniques using newly available airborne
geophysical data (radiometrics and magnetics) and satellite imagery (Landsat 7) in conjunction
with a range of other available datasets.
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2.3 PHASE TWO - UPGRADING GEOLOGY

2.3.1 Data available to assist in data upgrading

The rapid upgrade of the geology relies on enhancing existing geological knowledge by
interpreting newly available geophysical data in conjunction with a broad range of other data.

Data used in this process can be classed as follows:

Existing geological mapping, interpretations and datasets
Various versions of geological maps

Geological theses and maps

Mineral exploration company reports

Departmental mapping

Field observations

Mineral deposit databases (which commonly include geological observations);
Drill hole databases

Geochronology (absolute and relative)

Geochemistry

Petrology

Geomorphological mapping

Geological reports, publication and diagrams

Aerial photographs (possibly marked up with previous or new geological interpretations)

Remote-sensed data which can assist geological interpretation:

Radiometric data (see Figure 2-C)
Magnetic data (see Figure 2-D)
Satellite images

Digital terrain models

Gravimetric (gravity) data (see Figure 2-E)

Supporting datasets which can assist in geological interpretations include:

B Stream datasets
B Topographic and cadastral maps and datasets
B Property maps

2.3.2 Data preprocessing
In order to make these datasets useful and available it was necessary to:
B systematically georegister all of the information onto a common geodetic datum;

B store the data in a systematic data directory on a computer server accessible by all of the
geologists and geophysicists in the project; and
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2.3.3

B maintain an index of the data and new interpretations as they were generated.

This process involved some difficulties as the DMR has adopted the National standard GDA94
datum while the Nandewar Western Regional Assessment was to be completed on the old
AGD66 datum. It was decided that using the new GDA 94 datum provided for the best use of
available data and will allow all of the datasets generated by the DMR to be used long into the
future. As a result, all DMR project work has been completed internally on the GDA94 datum
but copies for release have been projected to the old AGD66 datum in AMG Zone 56
coordinates for the assessment.

Geophysical data

Introduction

The entire extent of the Nandewar study area is covered by geophysical data of varying detail
and quality. Airborne magnetic and radiometric data and ground acquired gravity data were
utilised in the Nandewar study. Figure 2-B shows the airborne geophysical coverage over the
area. The ground gravity data are taken from the Australian National Gravity Database 2003
(Wynne et. al 2003) and have been reprocessed by the NSW Department of Mineral Resources.

From the airborne survey data, magnetic field data and radio-element data were used. A brief
overview of the geophysical data is given here. More specific relationships between the
geophysical response and the geology are given throughout the text.

Magnetic data

The airborne magnetic data for the Nandewar study area are shown in Figure 2-D. Although
the image is continuous, it is made up from 13 different surveys that have been merged into a
single seamless coverage. The detail and quality of the different surveys is highly variable.
Reasons for this variability include the time taken to acquire the data, (the oldest data acquired
in 1980, the most recent in 2002), the distance between the flight lines (the most significant
factor influencing data quality) and the survey altitude. Flight line separation is 200 metres for
the most detailed data but is as large as 1500 metres for the oldest survey data.

Approximately two thirds of the Nandewar study area is covered by the more detailed data. The
less detailed data are located at the northern and southern ends of the area. This is seen in a loss
of detail or apparent "blurring”" of the magnetic image.

Radiometric data

Approximately one third of the Nandewar study area is not covered by high-resolution airborne
radiometric data. The areas without high-resolution coverage were only flown at 1500 metres
line spacing in regional surveys. The radiometric acquisition system was not calibrated to
enable modern processing of the data. Figure 2-C shows an image of the available high
resolution radiometric data that, like the magnetic data, is a seamless merge of a number of
different surveys that had different acquisition parameters (see Figure 2-B for details).

10
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A ternary radiometric image has been created by applying a colour to each of the potassium
(red), thorium (green) and uranium (blue) radioelement channels. For example, if potassium
were shown on its own it would appear as shades of red to black, with black representing the
lowest values and bright red for the highest values. The colour, hue and brightness of different
areas within the image relate to the amount of potassium (K), uranium (U) and thorium (Th) in
the ground.

Unlike magnetic data that reflects sources from all depths, the radioelement response is due to
surficial material only. This makes the data particularly useful for surface mapping, especially
when ground is inaccessible.

Gravity data

The Bouguer gravity data for the Nandewar study area are shown in Figure 2-E. In addition to
the usual corrections applied to gravity data these data have had an isostatic correction applied
to them. This additional correction removes the effects of large variations in thickness of the
earth's crust beneath areas of topographic highs (according to current theory, very significantly
thicker under areas of raised topography). These thicker areas of crust can have a significant
influence on the gravity data, particularly in areas with varying topography.

Nominally, the area is covered by a grid of readings every 11 kilometres, although a small part
of the area has a greater density of readings. Since the data over the area are widely spaced the
information contained in the gravity data indicate large scale structure and therefore, are more
applicable to the interpretation of the regional structure of the area.
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Figure 2-B. Airborne geophysical survey coverage of the Nandewar study area.

12 NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR



152°0°0°E
1

24648

T
29005

31008

-

300°s

B

150°0'0°E 151°0°0°E

152°00°E

Figure 2-C. Composite ternary radiometric image of the Nandewar study area.

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR

13



150°00°E 151°00°E 152°00°E
1 | 1

20°00°S
1

0os

31°00°S
1

|
29°0'0°s

|
30°00°5

3008

24649 |~

200°8

3200°8
1

|
150°0°0°E 151°0°0°E 152°00°E

Figure 2-D. Total magnetic intensity pseudocolour image of the Nandewar study area.

14

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR



29°00°5

30°00°5

H00S

I
008

N00S

Figure 2-E. Isostatically corrected pseudocolour Bouguer gravity image of the Nandewar study area.

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR

15



234

The rapid interpretation of geology and subsequent conversion to spatial
geoscience information (the Brigalow method)

For the Nandewar WRA, the methods developed for the Brigalow Belt South Bioregion
regional assessment were adopted and improved. The upgrading of the geology for the
Brigalow Belt South Bioregion regional assessment required the interpretation of information
on a scale and with a rapidity which had not previously been attempted within the Geological
Survey of New South Wales. An input of many person years would be typical for many of the
maps produced as standard products by the Geological Survey of New South Wales. By
comparison, approximately one tenth of the typical time was applied to each map sheet area for
this project. The key to the rapid upgrading of mapping is to:

B use existing observations combined with continuous geophysical and remotely sensed data
to effectively extrapolate knowledge into areas where direct observations are limited;

B standardise interpretations across large areas; and

B identify areas where existing observations do not appear to explain the remotely sensed
data.

The availability of a huge collection of data available in digital form through structured
directory trees from a centralised computer server system allowed geologists to undertake desk-
based on-screen reinterpretation of the geology. Existing geological interpretations can be
compared with geophysical imagery and other supporting datasets and revisions made or
anomalies identified.
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GEOLOGY INTEGRATION AND UPGRADE

3

Geology

3.1

GEOLOGICAL SUMMARY

The geology of the Nandewar study area is dominated by:

=  The New England Fold Belt; comprising thick sequences of Silurian to Carboniferous mostly deep marine sediments
(arc-forearc succession and subduction complex), Late Carboniferous-Triassic granitoids and associated felsic
volcanics, Permian marine to terrestrial basin sediments and structurally emplaced Cambrian ophiolite sequences;

=  Portions of Permo-Triassic basin sediments that include the Sydney-Bowen Basin, the Werrie Basin, and the Warialda
Trough;

= Surat Basin sediments that comprise a sequence of Jurassic to Early Cretaceous sedimentary and volcanic rocks;

=  Tertiary volcanic successions that have intruded and overlie the New England Fold Belt basement and basin
sediments; and

=  Quaternary sediments that predominantly form as transported valley fill material in current drainage systems and as
adjacent terraces.

The Nandewar study area encompasses a diverse and geologically complex region that includes
the New England Fold Belt, overlying Permo-Triassic sedimentary basins and extensive
Tertiary volcanic cover. Terms for geological ages can be seen in Figure 3-A.

The New England Fold Belt (also known as the New England Orogen) extends for over 1500
kilometres from Bowen in the north to Newcastle in the south and is bounded to the west by the
Hunter-Mooki fault system. The New England Fold Belt is dissected by the Peel Fault,
separating gently folded and coherent packages of deep marine sediments of the Tamworth Belt
to the west, from highly deformed, dismembered sequences of deep marine sediments of the
Central Block to the east (Murray, 1997). The highly deformed Central Block sediments were
deposited in a deep marine environment and represent, in part, a subduction zone complex.
These sediments sparse microfossils that indicates sedimentation from the Silurian to
Carboniferous periods. The sediments of the Central Block comprise a number of dismembered
terranes that include the Weraerai, Djungati and Anaiwan of Flood and Aitchison (1988). These
terranes amalgamated and accreted to form a significant portion of the southern New England
Fold Belt during late Palacozoic-early Mesozoic time.

The Peel Fault contains a series of serpentinite lenses along its length that represent highly
deformed, dismembered portions of Cambrian aged ophiolite sequences. The serpentinite has
been dated by Aitchison and Ireland (1995) using zircon U-Pb methods as Middle Cambrian in
age, therefore representing the oldest rocks within the New England Fold Belt.

The Woolomin Group is the oldest and most westerly sedimentary package within the Central
Block. Radiolarian data indicate deposition between the middle Silurian to Late Devonian in an
environment influenced by volcanic island arc activity with little terrigenous input (Aitchison et
al., 1992). Aitchison et al. (1992) postulated that significant differences in sedimentation
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between the Woolomin Group and Wisemans Arm Formation with that of other well
documented subduction complexes may indicate that the red ribbon-bedded chert succession
represents the remnants of a once extensive ocean rather than a true subduction complex.
Disruption of these rocks occurred during the latest Devonian to Early Carboniferous and
coincided with arc volcanism and related tectonic activity (Aitchison ef al., 1992).

The Cara Formation unconformably overlies, and is in fault contact with the Woolomin Group
and Wisemans Arm Formation. The Whitlow Formation unconformably overlies the Cara
Formation and is in turn, overlain by the Texas and Sandon beds. These sediments were
deposited in a deep marine setting between the Late Devonian to Early Carboniferous, forming
a subduction complex. Aitchison ef al. (1992) interpreted the age of subduction as being Early
Carboniferous based on radiolarian data and postulated that the oceanic crust subducted beneath
the arc related to the Anaiwan terrane was not part of an extensive oceanic basin.

Overlying the Cambrian to Carboniferous terranes are a series of small Early to early Late
Permian basin sediments and Late Permian felsic volcanics. Marine sediments of the Manning
Group, Bondonga beds, and other undifferentiated sediments outcrop as disparate packages
scattered throughout the study area. These sediments are developed predominantly on Devonian
to Carboniferous sediments of the Central Block. A narrow northeast striking belt of terrestrial
sediments outcrops immediately east of the northern portion of the Bundarra Supersuite and
hosts significant coal deposits. The Ashford Coal Measures comprise fluvial sandstones and
shales and interbedded cobble conglomerate and coal horizons that are, in part, thrust under the
granite on their western side.

The Wandsworth Volcanic Group was defined by Barnes et al. (1991) to encompass a coherent
group of terrestrial and shallow marine volcanics in the Central Block of the New England Fold
Belt. Volcanism took place in the Late Permian in response to a major period of plutonism and
produced thick sequences of predominantly rhyolitic to rhyodacitic and minor andesitic tuffs
and ignimbrites. In the study area the Wandsworth Volcanic Group includes the Emmaville
Volcanics and several undifferentiated outcrops of Permian volcanics. The volcanic sequence
was deposited unconformably on basement of Carboniferous to Permian age (Barnes et al.,
1991). In many localities a thin terrestrial to shallow marine sedimentary sequence, commonly
conglomeratic, underlies or grades into the volcanic sequence (Korsch, 1977; quoted in Barnes
et al., 1991). Shaw and Flood (1981) postulated that at many locations the volcanic sequence is
intruded by high level, and possibly comagmatic plutons of Late Permian to Early Triassic age.
Many units within the Wandsworth Volcanic Group are poorly described, including those
within the study area.
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Figure 3-A. Geological time-scale reference for age terms used in this report.
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The Tamworth Belt comprises faulted and gently folded, mildly metamorphosed Middle
Cambrian to Early Permian sedimentary and volcanic rocks. Flood and Aitchison (1988)
redefined the Tamworth Belt as the Gamilaroi terrane and interpreted the assemblages therein to
represent an island arc succession with associated pyroclastic and epiclastic sediments with
minor limestone and radiolarian chert. Geographically, the Tamworth Belt extends from Port
Macquarie to Warialda as an approximately 40 to 100 kilometre wide belt in a north-northwest
direction. The Tamworth Belt is separated from the Central Block on the east by the Peel-
Manning Fault system and disconformably underlies and overthrusts the rocks of the Surat and
Sydney-Bowen Basins to the north and west. The Tamworth Belt is subdivided into five groups
according to age, composition and distribution. These groups are:

Middle Cambrian to Ordovician “unnamed early Palaeozoic succession”;
Early to Middle Devonian Tamworth Group;
Late Devonian to Early Carboniferous Parry Group;

late Early to Late Carboniferous “Carboniferous overlap assemblage”;

Permian sequence near Peel Fault.

The Tamworth Belt dominates the western half of the study area from Croppa Creek in the
north to south of Murrurundi.

The New England Batholith covers an area of approximately 16 000 square kilometres,
incorporating all the granitoids in the New England Fold Belt of northeastern New South Wales
and southern Queensland (Bryant, 2001). The batholith is covered in part by Tertiary volcanics
and sediments and nearly exclusively intrudes sediments of the Central Block. For this reason,
and the metal zonation in deposits related to the granitoids of the New England Batholith,
Weber and Scheibner (1977; quoted in Scheibner and Basden, 1998) postulated that westward
dipping subduction initiated the magmatic activity.

In 1982 Shaw and Flood divided the New England Batholith into five suites, now redefined as
supersuites (Bryant, 2001). They include two Late Carboniferous-Early Permian S-type
(Bundarra and Hillgrove) and three Late Permian-Early Triassic [-type supersuites (Moonbi,
Uralla and Clarence River). A further association of “leucogranites” was identified as being
strongly fractionated, weakly reduced I-type intrusions that host a number of historically
important metalliferous deposits and are the source of significant alluvial deposits. Many
members of this association have recently been tentatively reclassified as belonging to the
Uralla Supersuite.

Periods of extension and compression between the Early Permian and Middle Triassic on the
western side of the New England Fold Belt started development of thick sedimentary basins.
Initially developed as rift basins in a back-arc environment, the basins evolved in the Permian to
become a foredeep of the New England Fold Belt. Three structural elements of these Permo-
Triassic basins occur within the study area, the Sydney-Bowen Basin, Werrie Basin, and the
Warialda Trough.

The Early Jurassic to Early Cretaceous Surat Basin sedimentary sequence unconformably
overlies the Permian and Triassic sediments of the Sydney-Bowen Basin, the New England
Fold Belt, and the Middle Triassic strata of the Warialda Trough. The sediments were deposited
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in an Early Jurassic—Early Cretaceous continental basin and contain early fluvial sediments and
terrestrial volcanics and later marine transgressive-regressive sequences that have been folded
into very gentle regional anticlines and synclines. Tertiary sediments and volcanics in turn
unconformably overlie the Surat Basin. In the study area, members of the Surat Basin outcrop
in a thin (less than ten kilometres) strip from the Nandewar Ranges to west of Texas.

Extended periods of little tectonic activity in the Late Cretaceous and earliest Tertiary resulted
in deep weathering surfaces. Uplift associated with the onset of spreading of the Coral Sea in
the Palacogene (approximately 65 Ma) activated erosion and deposition of high-level gravels.
These gravels were then overlain by a series of lavas and pyroclastic material from central
volcanoes and lava field provinces from the middle Eocene to Miocene (Barnes et al., 2002).
The early Tertiary sediments and subsequent volcanic piles are developed on basement of New
England Fold Belt, producing prominent volcanic edifices, the eroded remnants of which are
still recognisable in the landscape today. Lava field provinces produced large flat-topped
tablelands in the northern portions of the study area. Major volcanic centres include the Mount
Royal volcano in the south, part of the Barrington Volcanic Province, the Nandewar Volcano in
the central west of the study area and the northerly Central Province.
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3.2 CENTRAL BLOCK

CENTRAL BLOCK

The Central Block is a fault bounded structural block comprising a series of terranes. Terranes are remnants of rock
sequences, which have formed at different times and/or geological environments but are now juxtaposed. For these notes,
the Central Block is taken to include the following terranes and rock packages:

=  Weraerai terrane, comprising highly dismembered ophiolitic sequences (Woodsreef Melange) with overlying
volcaniclastic sediments (Dinoga Formation);

=  Djungati terrane, comprising deep marine sediments of the Woolomin Group and Wisemans Arm Formation;

=  Anaiwan terrane; a thick, locally highly deformed succession of deep to shallow marine sediments that include the Cara
and Whitlow Formations to the south and west and the Texas and Sandon beds to the north and east that together
define the subduction complex sediments;

=  Early Permian marine sediments of the Manning Group, Bondonga beds, and undifferentiated successions in the
northeast of the study area;

=  Early Permian terrestrial sequences of the Ashford Coal Measures and Glenmore Formation; and
=  Late Permian felsic volcanics of the Wandsworth Volcanic Group.

Is unconformably overlain in the Nandewar study area by:

=  Permian sediments and volcanics of the Werrie Basin;

=  Triassic sediments of the Warialda Trough;

= Jurassic sediments of the Surat Basin; and

=  Tertiary sediments and volcanic rocks.

Is intruded by Permo-Triassic members of the New England Batholith

3.21 Introduction

The Central Block is a structural block and comprises a series of terranes defined by Flood and
Aitchison (1988). For the perposes of the notes, sequences which overlie the terrane as separate
basins or as volcanic piles are included under this heading. These terranes amalgamated and
accreted to form a significant portion of the southern New England Fold Belt during the late
Palaeozoic-early Mesozoic. The terranes represent disrupted ophiolite sequences (ocean floor
mafic and ultramafic rocks that form in the early stages of orogenesis-Weraerai terrane) and
subduction complex sequences deposited in deep marine settings (Djungati and Anaiwan
terranes). Aitchison ef al. (1992) have used radiolarian fossils to date the siliceous subduction
zone sediments as Middle Silurian to Late Devonian (Djungati) and Late Devonian to Early
Carboniferous (Anaiwan), establishing temporal differences to the nearby Gamilaroi terrane
(part of Tamworth Belt). The extent of the Central Block in the Nandewar study area can be
observed in Figure 3-B.

The Weraerai terrane is represented by a narrow, discontinuous package of highly dismembered
ophiolitic and overlying volcaniclastic rocks. This terrane is sandwiched between arc and arc-
basin (forearc) rocks of the Gamilaroi terrane to the west, and a subduction related succession
of deep marine sediments to the east (Djungati and Anaiwan terranes). The Weraerai terrane
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Figure 3-B. Surface distribution of the Central Block in the Nandewar study area.
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3.2.2

comprises the ophiolitic Woodsreef Melange (Great Serpentinite Belt) and the overlying
volcaniclastic sediments of the Dinoga Formation, as defined by Flood and Aitchison (1988).

The Djungati terrane comprises the Woolomin and Wisemans Arm Formations that are variably
fossiliferous, deep marine sediments. Radiolarian data indicate that Middle Silurian to Late
Devonian age sedimentation took place in an environment influenced by volcanic island arc
activity with little terrigenous input (Aitchison et al., 1992). Further to this, Aitchison et al.
(1992) postulated that significant differences between the Djungati Terrane sedimentation and
that of other well documented subduction complexes may indicate that the red ribbon-bedded
chert succession represents the remnants of a once extensive ocean rather than a true subduction
complex. Disruption of this terrane occurred during the latest Devonian to Early Carboniferous
and coincided with arc volcanism and related tectonic activity (Aitchison et al., 1992).

The Anaiwan terrane, a disrupted terrane, includes the Cara and Whitlow Formations and the
Texas and Sandon beds. It contains thrust-repeated slices of basalt, chert, tuffaceous siltstones,
sandstones and minor conglomerates (Flood and Aitchison, 1988). Radiolarian microfossils
reveal a Late Devonian to Early Carboniferous age of deposition. The Anaiwan terrane is
interpreted as a subduction complex (Aitchison et al., 1992), with a lithostratigraphic
succession that comprises basal basalts overlain by ribbon bedded chert and volcaniclastic
sediments. Aitchison ef al. (1992) interpreted the age of subduction as being Early
Carboniferous based on radiolarian data and postulated that the oceanic crust subducted beneath
the arc related to the Anaiwan terrane was not part of an extensive oceanic basin. They also
contend that the oceanic crust is not significantly older than autochthonous rocks (that is ones
that are at the site of their formation) within the Anaiwan terrane.

Woodsreef Melange

The Woodsreef Melange was formally defined by Aitchison ef al. (1988) to supersede the Great
Serpentinite Belt terminology of Benson (1913). The Woodsreef Melange represents a
dismembered ophiolite assemblage that is now dominated by serpentinised ultramafic rocks,
predominantly harzburgite, with minor subordinate variably metamorphosed igneous intrusive
rocks (Brown et al., 1992). The ophiolite assemblage includes blocks of gabbro, dolerite,
plagiogranite, basalt and minor sedimentary rocks (Flood and Aitchison 1988). The assemblage
is variably metamorphosed, from essentially pristine to blueschist/eclogite facies, typical of
high-pressure subduction-related regimes.

The Woodsreef Melange outcrops as a series of attenuated, discontinuous bodies outcropping
proximal to, and to the east of, the Peel Fault along a strike length of over 300 kilometres, from
Warialda in the north to Taree to the southeast (Photograph 3-A) (Aitchison and Ireland, 1995).
Contact relationships are structurally controlled with all serpentinite margins being fault
surfaces. The western margin is the Peel Fault and the eastern margin is controlled by north-
northeast oriented structures. The Woodsreef Melange structurally overlies the Woolomin
Group to the east and is overlain by the Dinoga Formation.

The age of the Woodsreef Melange is poorly constrained, however zircon U-Pb dating of
plagiogranites by Aitchison and Ireland (1995), despite a complicated history of inheritance and

24

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR



disruption, reveal an age of approximately 530 Ma (Middle Cambrian). This is in agreement
with biostratigraphic ages determined by Compston ef al. (1992; quoted in Aitchison and
Ireland, 1995) of 520-530 Ma. Timing of emplacement of the Weraerai terrane into its current
(structural) location has proven difficult to quantify. Aitchison and Ireland (1995) indicate that
some rocks of the Weraerai terrane have been affected thermally by the intrusion of the
Bundarra Supersuite, dated as Early Permian (279-286 Ma) by Shaw and Flood, (1981, 1982).

Photograph 3-. Woodsreef elange with Tertiary gravels lying unconformably above, near Woodsreef
mine. GR 282700 6635120.

The radiometric and magnetic signatures of the Woodsreef Melange are easily recognisable.
Low counts for K, Th and U produce a very dark, uniform response, contrasting with that of
most surrounding rocks, although metabasalts and chert commonly produce a similar
radiometric response. The now altered and metamorphosed ophiolite has distinctive high
magnetic values. Magnetite is a by-product of serpentinisation (hydration) of ultramafic rocks
and its abundance in the altered ophiolite is significantly increased during this process. In
contrast to this, ophiolitic rocks that have not been altered produce a much more subdued
response, leading to an overall high, though heterogeneous response from the Woodsreef
Melange (Figure 3-C). Many altered gabbros have very low magnetic response and don’t
contrast with surrounding rocks. Recent geophysical surveys over the Peel Fault clearly
delineate the extent of the Woodsreef Melange and indicate depth extent to these attenuated
bodies proximal and distal to recognisable outcrop (Brown, 2001).
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Figure 3-C. First vertical derivative of the reduced to the pole magnetic image highlighting contrasts
between different geological units. Note extremely high magnetic response due to the Woodsreef
Melange.

3.2.3 Woolomin Group

Introduction

The Woolomin Group was formally defined by Aitchison et al. (1988) and includes the Bobs
Creek and Nangahrah Formations where recognised, but is commonly mapped as an
undifferentiated sequence of deep marine sediments. The Woolomin Group forms part of the
Djungati terrane with the Wisemans Arm Formation, as defined by Flood and Aitchison (1988).
Aitchison et al. (1992) have constrained the age of sedimentation in the Djungati terrane using
radiolarian chert from the Woolomin Group between Middle Silurian and Late Devonian. They
postulated that the Djungati terrane formed part of an oceanic basin that was removed from
terrigenous influence. Volcanic island arc activity subsequently influenced sedimentation,
which was tectonically disrupted by the latest Devonian to Early Carboniferous.

Aitchison ef al. (1992) postulated that sedimentation typical of the Woolomin Group represents
that of a deep marine setting rather than that of subduction complexes. Within the Nandewar
study area, the Woolomin Group outcrops immediately east of the Peel Fault and Weraerai
terrane, from just south of Warialda to Nundle. The Bobs Creek and Nangahrah Formations are
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recognised for most of the extent of the Woolomin Group in the Nandewar study area except
the southerly portion from east of Tamworth to Nundle where it is undifferentiated.

Nangahrah Formation

The Nangahrah Formation is situated between the Woodsreef Melange and Bobs Creek
Formation where it forms a narrow, elongated belt of sediments approximately parallel to the
Peel Fault. Stroud (1990) reported that in the southernmost portion of the Inverell 1:250 000
map sheet the Nangahrah Formation is situated between the Peel Fault and the Woodsreef
Melange. The Nangahrah Formation is a highly deformed package, metamorphosed to
pumpellyite-actinolite facies, that includes basal metabasalt overlain by red banded chert
(Photograph 3-B) and argillite that may locally contain olistostromes (chaotic blocks of
heterogeneous material incorporated into the sedimentary pile during possible deep marine
slumping). In general, contact with the Bobs Creek Formation is thrusted, although Stroud
(1990) noted that in some areas the contact may be gradational. Radiolarian biostratigraphy
reveals an age of formation from Middle Devonian to Early Carboniferous, though preservation
of radiolaria is, at best, sporadic.

Fa’hoograph 3-B. Red ribbon badeherts of the Woooin
Group, near Bingara. GR 266040 6697110.

The Nangahrah and Bobs Creek Formations are difficult to distinguish by radiometric imagery,
both producing a low response in the K, Th and U channels, although the K channel is slightly
higher than Th & U, reflecting the similar provenance of these sediments. Increased proportions
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of metabasalt within the Nangahrah Formation however, are manifest as a higher, but
heterogeneous magnetic response that clearly distinguishes the Nangahrah from the Bobs Creek
Formation (Figure 3-D).
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Bobs Creek Formation

The Bobs Creek Formation outcrops as a thin package of rocks of similar affinity to the
Nangahrah Formation, between that unit and the Cara Formation to the east. The Bobs Creek
Formation contains less basalt than the Nangahrah Formation in the type area (Stroud 1990),
but this is not the case globally. The Bobs Creek Formation is less deformed than the
Nangahrah Formation and is metamorphosed to only prehnite-pumpellyite facies (Aitchison et
al., 1992). The sequence is similar to the Nangahrah Formation and metabasalts, where present,
are overlain by ribbon bedded and radiolarian chert, which in turn are overlain by a distinctive
sequence of argillites and cherts (Photograph 3-C). Radiolarian data indicate a possible age
range from Middle Devonian to Early Carboniferous (Blake and Murchey 1988a; quoted in
Stroud 1990).

Dinoga Formation

The Dinoga Formation was formally defined by Aitchison et al. (1988) and is included in the
Weraerai terrane. It comprises fault-bounded, discontinuous lenses of volcaniclastic sandstones,
argillites and conglomerates. Blocks of coralline limestone with uncertain affinity are
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biostratigraphically dated as Early Devonian (Pickett, 1986a, b; quoted in Aitchison and Flood,
1988). The Dinoga Formation outcrops in a restricted area from Bingara to east of Barraba
(Stroud, 1990). Radiometric and magnetic responses do not clearly discriminate the Dinoga
Formation from nearby Woolomin Group sediments.

3.25 Wisemans Arm Formation

The Wisemans Arm Formation outcrops on the Manilla and Nundle 1:100 000 map sheets as a
disrupted siltstone-dominated deep marine assemblage that locally comprises chert-dominated
sequences. The Wisemans Arm Formation is thrust against the Nangahrah Formation as
repeated slices and against the Cara Formation to the east. Leitch and Cawood (1980)
recognised the Wisemans Arm Formation as a fault-bounded strip of previously undescribed
siltstone, tuff, sandstone and conglomerate that contain olistoliths of bedded chert, between the
Woolomin Group and the Peel Fault. All of the rocks of the Wisemans Arm Formation are
metamorphosed to prehnite-pumpellyite facies and generally dip steeply to the west. East of the
Moss Vale Fault, radiolarian age data constrain the age of the Wisemans Arm Formation
between latest Devonian to Early Carboniferous (Aitchison ef al., 1992), though radiolaria are
poorly preserved in these sediments.

Siltstone beds dominate the stratigraphy within the Wisemans Arm Formation, as either finely
laminated horizons or massive beds up to several metres in thickness. Subordinate sandstone
beds range in thickness between ten millimetres to over three metres, the thicker of these
commonly pebbly. Granule to boulder conglomerates are poorly sorted and contain both
rounded and angular fragments set in a silty sandstone matrix. Most of the conglomerates are
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clast-supported (Leitch and Cawood, 1980) and clasts are dominated by compositionally diverse
volcanic-derived material, including basaltic, andesitic fragments with plagioclase grains,
embayed volcanic quartz and detrital clinopyroxene. Other clasts include chert and
intraformational, angular and typically squashed (partially lithified) siltstone.

Olistoliths are exotic blocks of rock that have been transported by submarine slumping. In the
Wisemans Arm Formation they comprise chert and subaerial intermediate volcanic blocks up to
tens of metres in diameter. Conglomeratic material is also common and contains clasts up to 1.5
metres in diameter dominated by chert with subordinate boulders of limestone, siltstone and
volcanic rock that are embedded in cobble conglomerate to siltstone (Leitch and Cawood,
1980). The matrix is detrital with approximately equal proportions of mineral and lithic (rock)
grains set in a groundmass of partly primary and secondary origin, the result of breakdown of
unstable grains during incipient metamorphism. Leitch and Cawood (1980) interpret the chaotic
nature of these rocks as being the result of debris flow rather than of tectonism, as evidenced by
the lack of shearing of the matrix rocks. Olistoliths are derived from both the Tamworth Belt
(magmatic arc-forearc) and Central Block (deformed oceanic crust) at the start of, or during,
subduction (Leitch and Cawood, 1980).

Only the northern extent of Wisemans Arm Formation on the Manilla 1:100 000 map sheet is
covered by geophysical imagery. The radiometric response indicates a low total count with K
greater than Th and U, though localised Th-richer areas occur, possibly due to
regolith/weathering effects. The distinction between Wisemans Arm Formation and adjacent
Woolomin Group and Cara Formation is not easily recognised using radiometric imagery due to
lack of contrast. Localised lenses of Woodsreef Melange however, are easily recognised due to
its very low total count response.

The magnetic signature of the Wisemans Arm Formation is dominated by strong magnetic
overprinting by serpentinites and it is therefore difficult to determine boundary changes with
certainty (Brown, 2003).

Cara Formation

The Cara Formation is the basal formation of the Anaiwan terrane of Flood and Aitchison
(1988) and was formally defined by Aitchison ef al. (1988), forming part of the subduction
complex. The Cara Formation occurs immediately to the east of, and is in fault contact with, the
Woolomin Group and Wisemans Arm Formation. An unconformable relationship with the
overlying Whitlow Formation to the east is interpreted by Aitchison et al. (1988). The Cara
Formation is dominated by fine-grained, siliceous, commonly tuffaceous argillites with
subordinate metabasalt, chert, volcaniclastic sandstone and pebble conglomerate. Argillites are
thinly bedded to massive and locally represent mass flow deposits (R. Brown, DMR Armidale,
pers. comm.). Argillites commonly contain radiolaria, which constrain the age of the Cara
Formation to Late Devonian-Early Carboniferous (Blake and Murchey, 1988a, 1988b; quoted in
Stroud, 1990). Cara Formation sediments are locally intensely faulted and Aitchison (1988;
quoted in Stroud, 1990), notes that an axial plane cleavage is well developed and is indicative of
mesoscopic folding in some areas (Photograph 3-D). The interpreted depositional environment
is a deep marine setting with mainly pelagic and hemipelagic sediments accumulating on a
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basaltic basement. Occasional input of terrigenous material is inferred from the presence of
wacke and conglomerate turbidite beds (Stroud, 1990).

Photograph 3-D. Mesoscopic folding of fine-grained argillaceous sediments within the Cara Formation.
GR 275740 6708020.

The Cara Formation is easily distinguishable from surrounding rock packages using radiometric
imagery (Figure 3-E). A heterogenous, low to moderate radiometric response is produced by the
Cara Formation. Heterogeneities reflect contrasting lithological compositions of individual
units, ranging from low K greater than Th and U (metabasalt) to moderate K, U and Th values
(felsic tuffaceous material). Radiometric imagery therefore enables significant lithological
variation within the Cara Formation to be easily mapped for the first time. The magnetic
response generated by the Cara Formation is significantly more subdued than the nearby
Woolomin Group, enabling clear distinction between these formations. A distinct magnetic halo
produced by the intrusion of the Bundarra Supersuite into the Cara Formation has extended for
up to four kilometres into the Cara Formation (Brown, 2001).

3.2.7 Whitlow Formation

The Whitlow Formation was formally defined by Aitchison ef al. (1988) and unconformably
overlies the Cara Formation to the east. The formation comprises low grade, regionally
metamorphosed, multiply deformed, thickly bedded, coarse-grained and minor fine-grained
felspathic volcaniclastic arenites and wackes with subordinate siltstone and conglomerate
(Brown et al., 1992). Rare olistostromal beds are also recognised, as is oolitic detritus within
volcaniclastic arenites. Contact metamorphism of the Whitlow Formation has occurred
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proximal to the Dumboy-Gragin Granite and the Bundarra Supersuite. Poor exposure and thrust
repetition has prevented the determination of unit thickness of the formation.

Stroud (1990) interpreted its depositional environment as deep marine grading to shelf
environment. There is a mixture of terrigenous sediments, together with mainly pelagic and
hemipelagic sediments and a significant terrigenous input is interpreted from the extensive
development of arenite grading into wacke (turbidites) (Stroud, 1990). Radiolarian data provide
an age of Early Carboniferous for the Whitlow Formation (Aitchison ef al., 1992).

| Bobs Craek Formtion |

Figure 3-E. Contrasting radiometric signatures of the Bobs Creek, Cara and Whitlow Formations. Note

the very high radiometric response of the Quaternary alluvium indicating granitic provenance.

The radiometric signature of the Whitlow Formation is distinctive in its northerly extent on the
Bingara 1:100 000 map sheet, producing a low response, with K greater than Th and U. Tertiary
basalt cover producing a low response and a response due to Th-rich regolith/Quaternary
material obscures the Whitlow Formation partially in this area (Figure 3-E). The Whitlow
Formation in its southerly extent, where it is in contact with Bundarra and Moonbi Supersuite
granitoids, produces a higher response in all of the radiometric channels with higher Th and
lesser K and U. The magnetic response is predominantly low, except in areas proximal to the
Bundarra Supersuite where thermal alteration has occurred. This effect is obscured in areas
proximal to the Moonbi Supersuite granitoids.
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3.2.8 Texas beds and Sandon beds

The Sandon beds outcrop as a series of small inliers on the Inverell and Bingara 1:100 000 map
sheets and in a small area on the edge of the study area on the Bendemeer 1:100 000 map sheet.
The Texas beds outcrop over large areas of the northern portion of the Nandewar study area,
particularly on the Ashford, Yallaroi and Inverell 1:100 000 map sheets. For the purposes of
this report, the Texas and Sandon beds will be treated together due to their age and lithological
similarities. Stroud (1989) concluded that a gradual facies change marks the boundary between
these units. Turbidites dominate the Texas beds but are only locally abundant within the Sandon
beds, particularly on the Manilla 1:100 000 map sheet (R. Brown, DMR Armidale, pers.
comm.). The Texas and Sandon beds form the uppermost portions of the subduction complex
and are the highest stratigraphic units of the Anaiwan terrane (Stroud, 1989). The lithological
package comprises lithic wacke, conglomerate, siltstone, mudstone with subordinate chert,
jasper and spillite (sea floor altered basalt).

The Texas and Sandon beds are thick sequences (up to several kilometres) of deep marine
sediments metamorphosed to prehnite-pumpellyite facies and variably deformed with intensity
increasing from the southwest to northeast (Stroud, 1989). The units are typically thinly bedded,
with layers ranging from ten to 100 centimetres in the Texas Beds (Photograph 3-E). The
thickest layers are generally coarse wacke or conglomerate horizons (Stroud, 1989). Portions of
the Texas and Sandon beds have been contact metamorphosed by intruding granitoids of the
New England Batholith. In the northernmost portions of the Nandewar study area thermal
alteration associated with emplacement of the Mole Granite has affected the Texas beds for up
to two kilometres around the intrusion.

6733330,
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A narrow, north-south striking limestone unit, the Ashford Limestone, is recognised within the
Texas beds approximately 15 kilometres northwest of Ashford. This unit is continuous along its
strike length for approximately 13 kilometres with a prominent inflection mid-way along its
length. The Ashford Limestone (Photograph 3-F) has been contact metamorphosed by intrusion
of the Bundarra Supersuite, producing a skarn assemblage that includes magnetite, garnet,
epidote, wollastonite and diopside.

Photograph 3-F. Outcrop of the Ashford Limestone. GR 304610 6764660.

The Texas and Sandon beds produce very similar magnetic and radiometric responses and are
easily recognisable, contrasting significantly with nearby granitoids and volcanics (Figure 3-F).
The radiometric response is predominantly uniform, highlighting only rarely the bedding within
these units. The moderate total count response of the Texas and Sandon beds contrast with the
much higher response of the granitoids and felsic volcanics and the much lower Tertiary
volcanic response. Brown (in press) noted that significant improvements to mapping can be
made using radiometrics, particularly with respect to the Sandon beds. Magnetic imagery has
identified magnetite-bearing horizons within the Texas beds that suggest broad scale folding in
the Inverell 1:100 000 map sheet area. The magnetic response of the Texas and Sandon beds is
significantly different to the more potassic Bundarra Supersuite granitoids and the highly
magnetic, heterogeneous Emmaville Volcanics and Tertiary volcanics. Brown (in press)
concluded that internal subdivision within the Texas beds is not appropriate, confirmed by
geophysical imagery.
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Figure 3-F. Radiometric image highlighting the contrast in response of the Texas beds to eéy volcanics
and granitoids.

3.2.9 Early Permian marine sequence

Manning Group

The Manning Group is a deformed Early Permian extensional marine sedimentary basin
sequence outcropping in the southern New England Fold Belt (Jenkins and Offler, 1996). A
small fault bounded portion of the Manning Group crops out in the south east of the Nandewar
study area and is represented by the Echo Hills Formation, which comprises coarse
conglomerates and interbedded shales. The age of the Manning Group is constrained by fossil
evidence (Jenkins and Offler, 1996). In the Nandewar study area only regional magnetic
geophysical imagery exists over the Manning Group.

Bondonga beds

The Bondonga beds are Early Permian marine sediments comprising massive
orthoconglomerate, paraconglomerate, lithic sandstone and minor siltstone (Henley ef al.,
2001). Bedding is poorly developed and suggests, where present, that probable folding and local
overturning of the sequence is apparent. Elongate lenses of conglomerate, sandstone and
siltstone indicate regional folding and imbrication (Barnes and Willis 1989). Contact
relationships are poorly preserved and the Bondonga beds are interpreted to be in fault contact
with or to overlie the Texas beds unconformably. An Early Permian age is assigned to the
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Bondonga beds on the basis of lithology (conglomerates and felsic volcanic rocks) and fossil
data (Barnes and Willis 1989).

In the Nandewar study area the Bondonga beds outcrop in the extreme northeast, forming a
northwest oriented belt of sediments possibly in-folded into the Carboniferous Texas beds
(Barnes and Willis 1989). This portion of the study area is not covered by recent geophysical

imagery.

Undifferentiated Early Permian marine sediments

Laterally restricted occurrences of Early Permian marine sediments outcrop in the northern
portion of the Nandewar study area along the eastern boundary. These sediments are unnamed
and comprise a mixed lithology that includes para- and orthoconglomerates and lithic sandstone
(Brown and Stroud, 1997). The sequence is possibly up to 700 metres thick, including 200
metres of conglomeratic sediments. The depositional environment is tentatively interpreted as
an oceanic embayment (Brown and Stroud, 1997).

The unnamed Early Permian sediments produce a moderately high radiometric response with K
greater than Th and U, contrasting with the higher Emmaville Volcanics, Mole Granite and the
much lower Tertiary volcanics. The magnetic signature is generally low but variable,
contrasting with the Mole Granite and Tertiary volcanics, though some similarities with the
Emmaville Volcanics exist (Brown, in press). Geophysical data indicates relative accuracy of
previous geological mapping.

Early Permian terrestrial sequence

Ashford Coal Measures

Introduction

The Ashford Coal Measures form part of a north-northeasterly trending, uniformly west-
dipping, narrow, discontinuous strip of Early Permian strata that extend some 60 kilometres
from the Bonshaw area in the north to the Arthurs Seat-Arrawatta area in the south (Figure 3-
G). The sequence occupies part of the floor of a broad valley, which runs for some 25
kilometres north-northeast to approximately 12 kilometres south of Ashford. Beyond these
limits the coal measures may, and in places do, persist under a cover of soil and alluvium in the
north to the Queensland border towards Texas, and under alluvium and basalt in the south to
Arrawatta, some 16 kilometres north of Inverell (Figure. 3-G).

The distribution of the measures along this strip suggests that the present coal-bearing strata
were once part of a more widely distributed coal sequence. The post-depositional events of
uplift, deformation and erosion associated with faulting along the Severn Thrust have now
reduced the distribution of coal measures to a series of isolated erosional basal remnants
(Brown and James, 1987).
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Geology of the Ashford area
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Figure 3-G. Geological map showing the location of the Ashford Coal Measures.

Stratigraphy

The Ashford Coal Measures are subdivided into three members. In ascending order, these are
the Ashford Member (containing the Ashford seam), the Bonshaw Member (containing the

Bonshaw seam and its splits) and the Bukkulla Member (Figure 3-H).
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Figure 3-H. Stratigraphy of the Ashford Coal Measures, from drill hole BMR DDH 6.
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The Ashford Coal Measures have an unconformable eastern (and basal) contact to the
underlying Carboniferous Texas beds. The Severn Thrust marks the upper (and western) contact
separating the coal measures from the Texas beds or the Permian Bundarra Supersuite in some
areas. Erosional contacts are reported to exist between the Ashford Member and the overlying
Bonshaw Member and at the base of the Bukkulla Member (Kimber, 1977). The coal measures
have been correlated with the Early Permian Greta Coal Measures of the Sydney Basin on the
basis of the presence of Glossopteris-Gangamopteris flora and the close similarities in
lithological sequence and thickness.

The coal measures within the old colliery lease are up to 170 metres thick and dip to the west at
20 to 35 degrees. These contain two seams: the Bonshaw seam and the Ashford seam. The
Bonshaw Member is a 50 metres thick sequence dominated by coarse-sandstone, conglomerate
and interbedded layers of fine sediments, including carbonaceous shale with rare, thin coal
plies, the most prominent of which is the Bonshaw seam. This seam ranges from 0.15 metres to
1.2 metres in thickness and has no economic potential where drilled. The Bonshaw seam
consists of carbonaceous claystone and thin coal layers and therefore has little or no economic
significance.

The Bonshaw Member is underlain by the Ashford Member, which contains the economically
important Ashford seam, which lies from five to 76 metres above the Carboniferous basement.
This seam consists of bituminous, medium volatile, high rank coking coal and ranges in
thickness from 2.5 metres to approximately 17 metres, with extreme local variability. This is
largely due to small-scale step faulting in sympathy with the Severn Thrust. Depositional and
structural controls have contributed to the great variation in seam thickness. Conglomerates
derived from Early Carboniferous basement rocks are irregularly present throughout the coal
measure sequence and occasionally erosively above the Ashford seam. Numerous minor normal
and reverse cross faults have also contributed to anomalous thicknesses. The seam thins to the
south of the colliery but is shallowly underlain by a lower seam, or bottom split, 1.19 metres to
1.37 metres thick.

Structure

The Ashford Coal Measures have dips ranging from 20 to 40 degrees in a northwest direction
(300 degrees) in the area of the old Ashford mine. To the south, near Arthurs Seat, dip is
approximately 75 degrees.

Intense multiphase structural deformation in the form of folding and faulting is apparent in the
open cuts at Ashford Mine (Photograph 3-G). The structural features reflect the resultant
stresses imposed upon the Ashford deposit during syn-depositional and post-depositional
phases. These features suggest that the coal has responded during periods of maximum stress by
behaving in a fluid-like manner (Kimber, 1977; Brown and James, 1987). This is evident in the
almost “mylonitic” texture of the coal as observed in numerous locations at the No.10 cut. The
intensity of the structural deformation has reduced the fabric of the coal deposit to a highly
friable, non-cohesive material that has a greatly increased fines content (Brown and James,
1987).
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Photograph 3-G. Thrust fault at the Ashford Collery.

Tectonics

The rocks of the Ashford area have been subjected to two major tectonic events. The first was
the Kanimblan Orogeny which resulted in folding of the Lower Carboniferous sediments,
probably soon after deposition. The granites were probably intruded during the closing stages of
this orogeny (Browne, 1949). The second was the Hunter-Bowen Orogeny of Late Permian
time, resulting in folding of the Early Permian sediments and the development of the Severn
Thrust and its subsidiary faults.

The Severn Thrust is a major structural feature, some 32 kilometres long. The dip of the fault
can be seen in Cut No. 9 of the old colliery area, where the granite is overthrusting the coal
measures. Mapping by White Industries Limited (1979) has confirmed that the fault is a system
of en echelon faults with downward stepping to the east. Early models suggested dips of 45 to
60 degrees or 70 degrees for the fault. This interpretation severely limited the resources of the
Ashford Coal Measures as a steeply dipping fault would have cut off the shallow dipping coal
seam around 100 metres below the surface [Figure 3-1 (A)]. The average vertical displacement
along the fault over its total length is about 300 metres (Owen & Burton, 1954) but only 170
metres at the old colliery site, where several cross-faults also occur.

Bekker (1977) concluded that because it is a thrust, the Severn Thrust is likely to have a
moderately low angle dip. During the 1987 drilling program (White Industries Limited, 1987),
several boreholes went through overthrusting rocks into the coal measures. DDH6, drilled near
the western boundary of the mining lease, provided evidence that the Severn Thrust is a reverse
fault dipping to the west, where the granite and intruded Carboniferous sediments have been

40

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR



thrust to the east, at low angle, over-riding the coal measures and sub-parallel to the roof of the
Ashford seam. The drilling also proved that the Ashford seam extends down dip to the west
beyond the open cut highwall boundary underneath the granite for at least 1.5 kilometres and
along strike for almost two kilometres [Figure 3-I (B)].

Ashford opencut

Bundarra Supersuite

+ +
+ Granite
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Figure 3-1. (a). An early model showing a steeply dipping Severn Thrust limiting the subsurface extent of
the Ashford seam ( after White Industries, 1979). (b). A current model showing a shallow dipping Severn
Thrust sub-parallel to the underlying Ashford seam (after White Industries, 1987).

The regional strike of the coal measures is about ten degrees further to the east than the actual
bedding strike. Extensive offsetting through cross-faulting has been indicated, both by outcrop
pattern and by drilling. This is not so evident in the Arthurs Seat area where the fault can be
traced for a total of about five kilometres without significant offsetting, until it is folded to form
a syncline, plunging to the north-northwest.
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It is possible that the main reason the coal measures are in the form of discontinuous bodies
along strike is that the areas in between formed topographic highs during the time of coal
measure deposition. Although this may be the case in some instances, drilling by White
Industries Limited (1979) has shown that the coal measures have been faulted out in some
places.

Two major thrusts are present in the Spring Gully area, where two outcrops of coal measures
lying east-west of one another are separated by an outcrop of Lower Carboniferous sediments.
Faulting also occurs within the coal measures and can be observed in all areas where substantial
outcrop is present (Bekker, 1977). The extent of such faulting can be seen in the highwall of
one open pit, the No. 7 old colliery area, where numerous relatively minor normal and reverse
faults are present, accounting for some of the rapid and substantial changes in coal seam
thickness noted from drilling in the colliery area.

Glenmore Formation

The Glenmore Formation was formally defined by Stroud (1992) and is an Early to early Late
Permian shallow marine sequence confined to the Ashford 1:100 000 map sheet in the northern
Nandewar study area. The Glenmore Formation unconformably overlies the Texas beds and is
unconformably succeeded by the Emmaville Volcanics (Photograph 3-H) (Stroud, 1989).
Lithologies include boulder conglomerate, coarse arenite and minor fossil-bearing calcareous
horizons, claystone and coal. The Glenmore Formation comprises texturally and
mineralogically immature clastic sediments interbedded rarely with limestone and epiclastic
sediments (Moore, 1982; quoted in Stroud, 1992). Clasts within the coarse conglomerates range
in size from three to 30 centimetres and comprise chert, lithic wacke and rare fine-grained
conglomerate and medium-grained igneous rock (Stroud, 1992). The thickness of the Glenmore
Formation averages 30 metres and does not exceed 100 metres. Recent geophysical imagery
does not extend north to cover the Glenmore Formation.

Late Permian Volcanics

Wandsworth Volcanic Group

The Wandsworth Volcanic Group was defined by Barnes et al. (1991) to encompass a coherent
group of terrestrial and shallow marine volcanics in the Central Block of the New England Fold
Belt. Volcanism took place in the Late Permian in response to a major period of plutonism and
produced thick sequences of predominantly rhyolitic to rhyodacitic and minor andesitic tuffs
and ignimbrites. Within the Nandewar study area the Wandsworth Volcanic Group includes the
Emmaville Volcanics and several undifferentiated Permian volcanics. The volcanic sequence
was deposited unconformably on basement of Carboniferous to Permian age (Barnes et al.,
1991). In many instances a thin terrestrial to shallow marine sedimentary sequence, commonly
conglomeratic, underlies or grades into the volcanic sequence (Korsch, 1977; quoted in Barnes
et al., 1991). Shaw and Flood (1981) postulated that at many locations the volcanic sequence
was intruded by high level, and possibly comagmatic, plutons of Late Permian to Early Triassic
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age. Many units within the Wandsworth Volcanic Group are poorly described, including those
within the Nandewar study area.

Photograph 3-H. Contactbetwen theGIenmore Frmati (most of photo) wit overlying Emmaville
volcanics (top right hand corner). GR 335260 6764960.

Emmaville Volcanics

The Emmaville Volcanics are the dominant unit of the Wandsworth Volcanic Group in the
Nandewar study area, predominantly on the Inverell and Ashford 1:100 000 map sheets. Flat
lying rhyolitic, thyodacitic and rare andesitic ignimbritic flows and minor lavas and epiclastic
rocks comprise the Emmaville Volcanics. In the Pindari Dam area rhyolitic to andesitic
volcanics are recognised with minor epiclastic sediments; variants include ignimbrites (welded
tuffs), lava flows, airfall tuffs and flow banded rhyolite (Photograph 3-I). Detailed mapping and
distribution of these units has not been undertaken to date in this area where outcrop is
extensive. Minor outcrops of granitoids of limited lateral extent have also been recognised
within the Emmaville Volcanics but are generally poorly delineated.

New magnetic and radiometric data over the Emmaville Volcanics has revealed many
complexities within this unit in the Nandewar study area. Brown (in press) gave a
comprehensive description of the geophysical characteristics of the Emmaville Volcanics. The
Emmaville Volcanics produce a high radiometric signature that clearly distinguishes these rocks
from the nearby Texas beds, Tertiary volcanics and northern Bundarra Supersuite. Variations
within the radiometric and magnetic responses reflect discrete flows, epiclastic beds and
possibly previously unmapped granitoids within the Emmaville Volcanics (Figures 3-J and 3-
K). Figure 3-J is a "felsic stretch” that is designed to gain the most information about the felsic
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rocks (that is, the New England Batholith and associated rocks) from a radiometric image. Since
these felsic rocks are typically much higher in natural radioactive elements than the other rocks
in the Nandewar study area, the colours applied to the radiometric data need to be customised to
enhance these rocks alone. This is because with most image display techniques it is not possible
to show the large variation within single rock types while also showing the vastly different
radiometric properties of different rock types. The resulting images display a lot of colour in the
felsic rocks but most of the other areas in the images appear dark and featureless. Geophysical

imagery suggests that laterally persistent lithological associations within the Emmaville
Volcanics may be mappable, hence subdivision of this unit may be possible.

Photoaph I. Ignimite from the Pindari Dam aea shoi fiamme and felsc ignous fragment with
later crosscutting chlorite-rich vein sets. GR 329150 6747800.

Together with radiometric imagery, magnetics indicate the presence of at least three large,
approximately hemispherical, zoned bodies in the Pindari Dam area, which are interpreted as
caldera structures (Brown, in press). The bodies increase in size to the south, are shallow and
are exposed at the surface. Magnetic imagery also indicates continuation of these structures
beneath the Texas beds to the west (Brown, in press). R Spencer (2003, DMR Sydney, pers.
comm.) suggested that modelling indicated that a deeper magnetic body may also be present
beneath the Emmaville Volcanics. Using geometry and size relationships, Brown (in press)
interprets an evolutionary series from the oldest caldera in the north to the youngest in the
south.
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Figure 3-J. Radiometric ima of Emmaville volcanics and surrounding lithologies. Note contrast within the
volcanics.

Although direct age dating of the Emmaville Volcanics has not been undertaken, age is
constrained by lithological relationships. The Emmaville Volcanics overlie Carboniferous
metasediments and Early Permian conglomeratic marine units, and are intruded by Permo-
Triassic granitoids including the Mole Granite, indicating a Late Permian age (Barnes ef al.,
1991).

Undifferentiated Late Permian Volcanics

Undifferentiated members of the Wandsworth Volcanic Group include rhyolitic, rhyodacitic
and dacitic ashflow tuffs and minor lavas (Brown et al., 1992). They unconformably overlie
Carboniferous to Early Permian sediments and are locally intruded and thermally altered by
Late Permian granitoids. Crystal-rich, quartz-feldspar ignimbrites dominate, though some units
containing minor lithic clasts. Despite minor local deformation, eutaxitic textures are commonly
well preserved. Geophysical responses are essentially identical to the Emmaville Volcanics.
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Figure 3-K. First vertical derivative of total magnetic intensity image of Emmaville Volcanics
caldera-type structures and the extreme magnetic complexity over this unit.
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3.3

TAMWORTH BELT

TAMWORTH BELT

Comprises faulted and gently folded sediments and volcanics that were deposited in an arc-forearc environment;
Ranges in age from Middle Cambrian to Early Permian;

Is separated from the Central Block to the east by the Peel Fault;

Disconformably overlies and is thrust over rocks of the Surat and Sydney-Bowen basins;

Is separated within the Nandewar study area into five groups:

=  Middle Cambrian to Ordovician “unnamed early Palaeozoic succession”;

=  Early to Middle Devonian Tamworth Group;

=  Late Devonian to Early Carboniferous Parry Group;

= late Early to Late Carboniferous “Carboniferous overlap assemblage”; and

=  Early Permian strata adjacent to the Peel Fault.

3.31

Introduction

The Tamworth Belt comprises faulted and gently folded, mildly metamorphosed Middle
Cambrian to Early Permian sedimentary and volcanic rocks. Geographically, the Tamworth
Belt extends in a north-northwest direction from Port Macquarie to Warialda as a 40 to 100
kilometre wide belt. The Tamworth Belt is separated from the Central Block on the east by the
Peel-Manning Fault system and disconformably underlies and overthrusts the rocks of the
Surat, Werrie and Sydney-Bowen Basins to the north and west.

In the Nandewar study area, the Tamworth Belt can be subdivided into five groups according to
age, composition and distribution. These groups are: 1) Middle Cambrian to Ordovician
“unnamed early Palacozoic succession”; 2) Early to Middle Devonian Tamworth Group; 3)
Late Devonian to Early Carboniferous Parry Group; 4) late Early to Late Carboniferous
“Carboniferous overlap assemblage”; 5) Early Permian strata next to Peel Fault. The
distribution of these groups in the Nandewar study area can be observed in Figure 3-L. A
detailed stratigraphy of the Tamworth Belt can be observed in Figure 3-M.

The Tamworth Belt rocks have been mildly deformed, producing a series of north trending and
variably plunging folds. The major expression of the folding is the Rocky Creek Syncline.
Regional scale faults and thrusts that resulted in post folding dislocation are a feature of the
Tamworth Belt. Low-grade regional metamorphism has affected most of the rocks of the
Tamworth Belt.
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Figure 3-L. Surface distribution of the Tamworth Belt in the Nandewar study area.
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Figure 3-M. Stratigraphy of the Tamworth Belt in the Nandewar study area.
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3.3.2

3.3.3

Early Palaeozoic succession

A thin sequence of Middle Cambrian to Middle Ordovician deep marine sedimentary rocks
occurs in a narrow north-south trending belt from Chaffey Dam to east of Loombrah. Cawood
(1980) recognised three units in this early Palacozoic succession. These units are the Middle
Cambrian Murrawong Creek and Pipeclay Creek Formations, and the Middle Ordovician
Haedon Formation. Overall, the early Palaeozoic succession shallows from a base of slope fore-
arc complex (Murrawong Creek Formation), to carbonate bank and submarine canyon deposits
(Haedon Formation). Rock types in this early Palaecozoic succession consist of cherty siltstone,
sandstone, granule to boulder conglomerate and limestone. Volcanic input ranges from mafic in
the Murrawong Creek and Pipeclay Creek Formations to intermediate in the Haedon Formation
(Cawood, 1982). Conglomerates within the Haedon Formation contain both extraformational
clasts (granite, limestone, jasper and green argillite) with varying degrees of roundness
(Photograph 3-J), and intraformational clasts (andesitic volcaniclastics) that are angular
(Photograph 3-K). A low-angle unconformity observable between the Pipeclay Creek and
Haedon Formations infers deformation of the sequence between the Middle Cambrian and
Middle Ordovician (Gilligan and Brownlow, 1986).

Tamworth Group

The Tamworth Group consists of a series of intermediate volcanics and volcaniclastics, red
breccias and limestones that developed in a submarine to emergent island arc setting in the
Early to Middle Devonian. Within the Nandewar study area, the Tamworth Group consists of
two roughly north-south trending belts, each up to 15 kilometres across. The eastern belt
extends from north of Attunga to east of Nundle and is developed unconformably on the early
Palaeozoic succession. The western belt occurs 20 kilometres west of Nundle in the north to
Timor in the south. In this area, the Tamworth Group is in faulted contact with the Parry Group
to the east, and the base of the sequence is not observed.

In the Nundle area, the Early Devonian part of the Tamworth Group can be divided into two
parts that have different depositional and intrusive relationships. These two parts are separated
by the north-south trending Sandy Creek Fault (Morgan, 1997). The basal unit of the Tamworth
Group on the western side of the Sandy Creek Fault is the Drik-Drik Formation (Crook, 1961b),
and includes the Copes Creek Andesite. Typically, the Drik-Drik Formation is dominated by
haematite-pigmented andesitic volcaniclastic breccia (Photograph 3-L) that is interstratified
with red fine sandstone and siltstones. The Copes Creek Andesite comprises a series of both
coherent and brecciated, fine-grained intermediate intrusions and volcanics. The intermediate
magmas of the Copes Creek Andesite intrude both the early Palacozoic succession and the
lower Drik-Drik Formation (Morgan, 1997). Overlying the Drik-Drik Formation is the
Northcotte Formation, which is comprised of green sandstone and siltstone, and which hosts the
Nemingha Limestone (Photograph 3-M) of Crook (1961b). Stratigraphically above the
Northcotte Formation is a sequence of green-grey argillites and mudstone as defined by Crook
(1961Db) called the Wogarda Argillite.
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Photograph 3-J. Plyhﬁctic boulder conglomerate from the Haedon Formation near Chaffey Dam. Clasts
include granite, limestone, jasper and argillite. GR 320890 6530610.

Photograph 3-K. Sedimentary breccia of the Hedon Formation near Chaffey Dam. Angular clasts of

andesitic sandstone, with a mudstone infill. GR 320910 6530610.
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To the east of the Sandy Creek Fault is the Bog Hole Formation (Cawood, 1980). Lithologies in
the Bog Hole Formation include laminated argillite, fine-grained tuffaceous sandstone and
medium- to coarse-grained crystal lithic sandstone. A series of brecciated to coherent,
discontinuous intermediate intrusions also occur within deep-water mudstone and sandstone
units of the Bog Hole Formation (Morgan, 1997). Work by Cawood (1980) demonstrated that
the Bog Hole Formation is equivalent to the sequence from the Drik-Drik Formation to the
lower Silver Gully Formation on the western side of the Sandy Creek Fault.

Deposition of intermediate volcaniclastics in the Tamworth Group continued during the Middle
Devonian with the development of the Silver Gully and Yarrimie Formations. The Silver Gully
comprises intermediate volcanolithic sandstones and conglomerates and occurs between two
fine-grained units of the Wogarda Argillite (below) and the Yarrimie Formation (above). The
Yarrimie Formation consists of green, grey, black and white cherty argillites and fine mudstone.
Both of the Yarrimie and Silver Gully Formations contain limestone blocks that are both
autochthonous (carbonate reefs that have developed in-situ), and allochthonous (carbonate reefs
that have dropped off the edge of the marine shelf to the ocean floor) (Photograph 3-N). In the
Attunga region, the limestone blocks are called the Sulcor and Moore Creek Limestones
(Crook, 1961b) while in the Loombrah and Timor region the limestone blocks are called the
Loombrah and Timor Limestones respectively (Crook, 1961b). Mafic intrusions and altered
basalts (spillites) comprising the Folly Volcanics intrude and are interbedded with the Silver
Gully and Yarrimie Formations. The dolerite sills of the Folly Volcanics are quite thick and
occur in the area immediately to the southeast of Nundle.

A T A T R 3 AV S dss
Photograph 3-L. Haematitic breccia of the Drik-Drik Formation. Photo taken near Loombrah. GR 315010
6546500.
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Photograph 3-M. Fossiliferous limestone from the Nemingha Limestone Member of the Wogarda
Argillite. Photo taken near Loombrah. GR 314640 6546330.
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Photograph 3-N. Sulcor Lmstn member of the rrlmie Formation resting conformably on
bedded andesitic sandstone and mudstone. Attunga limestone deposit, Attunga. GR 295520
6576670.
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3.34

Parry Group

Within the Nandewar study area, the outcropping members of the Parry Group extend in a
north-northwest trending belt from Timor in the south to Warialda in the north. Overall, the
group comprises a thick sequence of Late Devonian to Early Carboniferous, intermediate to
felsic rocks that are all marine in character. The base of the group conformably and
unconformably overlies the Early to Middle Devonian rocks of the Tamworth Group.
Nomenclature for the Parry Group has been adopted from various authors, principally Crook
(1961a), White (1964), and McKelvey and White (1964).

Referred to previously as the Baldwin Formation (Crook, 1961a), the lowermost units of the
Parry Group are the Noumea beds, Lowanna Formation, Eungai Mudstone, and Mostyn Vale
Formation (McKelvey and White, 1964; Brown, 1982). These units represent a sequence of
deep-marine intermediate and mafic volcanic and volcaniclastic rocks deposited in the early
Late Devonian. The Noumea beds, Lowanna Formation and Eungai Mudstone occur as a belt of
rocks extending from near Nundle to Warialda and comprise a sequence of upward fining
intermediate volcanics and volcaniclastics (Photographs 3-O and 3-P). The Mostyn Vale
Formation occurs to the west of Keepit Dam and consists of reworked andesitic volcanics and
basalts. New work as part of this study has subdivided the Mostyn Vale Formation into two
members based on a consistent radiometric change.

The Keepit Conglomerate (a regional scale marker unit) defined by White (1964) represents the
lowermost conglomeratic unit of what was previously the Goonoo Goonoo Mudstone (Crook,
1961a). Conglomerates constituting the base of the Keepit Conglomerate rest both
unconformably (Bective Unconformity; White, 1964) and conformably (Russell, 1979) on the
lower units of the Parry Group and upper Tamworth Group. The Mandowa Mudstone of White
(1964) consists of fine sandstones and mudstones, and conformably overlies the Keepit
Conglomerate. Scattered Late Devonian limestone bodies occur within the Mandowa Mudstone
indicating a marine shelf depositional environment. The Kiah Limestone of Crook (1961a) is
the most extensive of these limestone bodies, and occurs as a series of semicontinuous
limestone lenses.

Conformably overlying the Late Devonian Mandowa Mudstone is the Early Carboniferous
Tangaratta Formation. Lithologies in the Tangaratta Formation are dominated by mudstone and
fine sandstone with minor thin, laterally continuous sandstone and conglomerate members.
Mapped members of the Tangaratta Formation include the Scrub Mountain Conglomerate,
Gowrie Sandstone and Garoo Conglomerate. The overlying Tulcumba Sandstone of White
(1964) consists of a basal conglomerate fining upwards into sandstones and limestones towards
the top of the unit (H. Henley, DMR Armidale, pers. comm.). A laterally extensive and
fossiliferous limestone (the Rangrai Limestone Member; Campbell and Engel, 1962) occurs
within the upper sandstone members of the Tulcumba Sandstone. In the Keepit Dam area, the
Tulcumba Sandstone rests unconformably (Onus Creek Unconformity; White, 1964) on the
Mandowa Mudstone, implying erosion of the Tangaratta Formation and upper Mandowa
Mudstone during the Early Carboniferous. The Luton Formation occurs to the north of Barraba
and is broadly equivalent to the Tangaratta Formation and Tulcumba Sandstone.
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Photograph 3-0. Elongate angular clasts of fine sandstone in a coarse sdsoe matrix (Noun;a
beds), with minor quartzose sigmoidal tension veins. Photo taken near Manilla. GR 285570 6609830.
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Photograph 3-P. Shallowly dipping, interbedded sandstone and mudstone (Noumea beds). Photo taken
near Bingara. GR 266240 6666890.

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR

55



3.3.5

Within the Nandewar study area, the stratigraphically highest members of the Parry Group are
the Namoi and Waverly Formations which contain olive-green to olive-brown siltstone,
mudstone, sandstone, limestone and conglomerate. These units conformably and
unconformably overlie the Luton Formation, Tangaratta Formation and Tulcumba Sandstone.
The base of the Namoi Formation marks the introduction of felsic volcanics from a continental
arc to the west as compared to the dominantly intermediate volcanics in the lower units of the
Parry Group. Lithologies include limestone, conglomerate, andesite, sandstone and mudstone.
In the Rangrai area, a conglomerate at the base of the Namoi Formation (the Pallal
Conglomerate) contains angular sedimentary blocks up to three metres in diameter and is
interpreted by McKelvey and White (1964) to have formed in a submarine canyon.

Carboniferous overlap assemblage

In the Tamworth Belt a ‘group’ of late Early to Late Carboniferous rocks overlie the Parry
Group. At the time of going to press this ‘group’ had not yet been named and has been
informally referred to as the “Carboniferous overlap assemblage” in this study. Geographically,
the Carboniferous overlap assemblage occurs on the eastern edge of the Tamworth Belt,
extending from Murrurundi to Gravesend. Within the Nandewar study area, this Carboniferous
overlap assemblage consists of two broadly equivalent sequences of rocks. The lower of these
sequences is a late Early Carboniferous marine to terrestrial transitional sequence, and the upper
is a Late Carboniferous terrestrial (predominantly fluvioglacial) sequence. Within the Nandewar
study area, the nomenclature used for the unnamed Carboniferous overlap assemblage of the
Tamworth Belt can be broken into four separate geographic areas:

B Rocky Creek Block; north of Keepit Dam and to the east of the Plagyan and Kelvin Thrusts
(McKelvey and White, 1964).

B Werrie Block; south of Keepit Dam and north of the Waverly Fault (Whetten, 1965;
Manser, 1965)

B Rouchel Block; south of the Waverly Fault (Roberts and Oversby, 1974)

B Plagyan Block; west of the Kelvin and Plagyan Thrusts [the nomenclature used is currently
reserved by Emeritus Professor John Roberts (School of Biological, Earth and
Environmental Sciences, UNSW, Sydney) as a series of current stratigraphic names with
Geoscience Australia]

In the Nandewar study area, the marine to terrestrial transition sequence consists of limestone,
andesite, dacite, conglomerate, sandstone, and siltstone with rare coal. Minor differences within
this sequence occur geographically and consequently representations of this sequence have been
given different stratigraphic names for each block. These units are the Caroda Formation
(Rocky Creek Block), Merlewood Formation (Werrie Block) and Isismurra Formation (Rouchel
Block). Intermediate and felsic volcanics occur in this sequence, the Ermelo Dacite Tuff and the
Kingsmill's Peak Andesite being examples of these.

Overlying the marine to terrestrial transition sequence is a Late Carboniferous terrestrial
sequence. This sequence was deposited in a fluvioglacial environment and consists of tuff,
felsic-ignimbrite, conglomerate, sandstone, siltstone and mudstone. Again, there are minor
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differences in this sequence between the four blocks in the Nandewar study area and so
different stratigraphic names have been adopted for this sequence. These units are the Seaham
Formation (Rouchel Block), Currabubula Formation (Werrie Block), Willuri Formation
(Plagyan Block), Spion Kop Conglomerate, Clifden Formation, Rocky Creek Conglomerate,
and Lark Hill Formation (Rocky Creek Block).

McKelvey and White (1964) noted that the sequence in the Rocky Creek Block represents two
periods of glacial retreat during the Late Carboniferous. Expressions of these glacial retreats are
manifest as the Spion Kop Conglomerate (Photograph 3-Q) and Clifden Formation for the early
glacial retreat and the Rocky Creek Conglomerate (Photograph 3-R) and Lark Hill Formation
for the later glacial retreat. Felsic volcanics are associated with the fluvioglacial sequences in
the Rocky Creek Block, the Peri Rhyodacite Tuff and the Hell Hole Pyroclastic Member being
examples of these.

The Currabubula Formation was first named by Whetten (1965) and comprises all of the Late
Carboniferous sedimentary rocks above the Merlewood Formation. There are many ignimbrite
and tuff members within the Currabubula Formation that have been both formally and
informally named. Examples of these units include the Cana Creek Ignimbrite Member,
Iventure Ignimbrite Member, Piallaway Trig Ignimbrite Member and Taggarts Mountain
Ignimbrite Member.

New mapping by Emeritus Professor John Roberts in the Tulcumba Ridge area has been
incorporated into the upgraded geological coverage of the Nandewar study area geology.
Consequently, all of the sedimentary rocks between the Kelvin-Plagyan and Hunter-Mooki
thrusts are now informally named the Willuri Formation. Previously mapped units in this area
followed the stratigraphy of McKelvey and White (1964). A feature of this unit is the higher
number of felsic ignimbrites and tuffs compared to the Rocky Creek Block. Within the Willuri
Formation, fourteen ignimbrite members have been associated with the Birken Head Rhyolite
and three with the Penryn Rhyolite.

3.3.6 Early Permian strata next to Peel Fault

Within the Nandewar study area, a series of narrow (usually less than one kilometre wide) fault
slivers that contain Early Permian marine rocks occur immediately west of the Peel Fault. Units
that comprise this ‘group’ include the Kensington Formation, Ironbark Creek Arenite, Tarakan
Formation, as well as part of the Manning Group in the Chaffey Dam area. These units
comprise interbedded sandstones, orthoconglomerates, siltstones, and limestones that deposited
in nearshore marine and possibly terrestrial environments.
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Photograph 3-Q. Matrix-supported polymictic conglomerate (diamictite). Spion Kop Conglomerate. Phto
taken near Caroda. GR 238700 6672790.
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Photograph 3-R. Clast-supported polymictic conglomerate. Rocky Creek Conglomerate. Photo taken near
Caroda. GR 240560 6673710.
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3.3.7 Geophysical interpretation

Over half of the Tamworth Belt is covered with regional geophysics in the Nandewar study
area. However, none of the lower Tamworth Group and early Palaeozoic Succession has, at
present, been covered with adequate geophysics and therefore can’t be described in this study.
All of the unnamed Carboniferous overlap assemblage shows a strong magnetic response with
magnetic lineaments parallel to the strike of the sequence. Units that have a moderate to strong
magnetic response in the Parry Group are the Mostyn Vale Formation, Keepit Conglomerate
and parts of the Noumea beds. The radiometric response of the Parry Group below the Namoi
Formation and the upper Tamworth Group is characterised by moderate to low potassium, low
thorium and low uranium. This is a typical radiometric response of all the intermediate volcanic
and volcaniclastic rocks in the New England Fold Belt. The Carboniferous overlap assemblage
and Namoi Formation however are dominated by felsic volcanics and volcaniclastics and have
moderate to high potassium, thorium and uranium radiometric responses.
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3.4 NEW ENGLAND BATHOLITH

NEW ENGLAND BATHOLITH

Covers an area of approximately 16 000 square kilometres and incorporates all the granitoids of the Southern New England
Fold Belt;

Is represented in the Nandewar study area by the Moonbi, Uralla and Clarence River I-type supersuites and the S-type
Bundarra Supersuite;

Predominantly intrudes sediments of the Central Block and locally the Tamworth Belt (in the south of the study area)
therefore dominating the eastern portion of the New England Fold Belt;

Causes extensive contact metamorphism of the Central Block sediments into which it intrudes;

Formed in response to a major thermal disturbance in the earths crust associated with the Carboniferous to Permian
convergent tectonic regime in eastern Australia;

Is easily identified and delineated using recent geophysical surveys;

Is composed of individual intrusions that were emplaced at shallow levels in the earths crust and were derived from the
melting of igneous material and immature sediments.

3.41 Introduction

The New England Batholith covers an area of approximately 16 000 square kilometres,
incorporating all the granitoids in the southern New England Fold Belt of northeastern New
South Wales and southern Queensland (Bryant, 2001). The batholith is covered in part by
sedimentary basins as well as Tertiary volcanics and sediments.

In 1982, Shaw and Flood divided the New England Batholith into five suites, now redefined as
supersuites (Bryant, 2001), that include two Late Carboniferous-Early Permian S-type
(Bundarra and Hillgrove) and three Late Permian-Early Triassic I-type supersuites (Moonbi,
Uralla and Clarence River). The distribution of the New England Batholith within the
Nandewar study area can be observed in Figure 3-N.

Granites are subdivided according to chemistry, enabling useful classification and
discrimination of these rocks. The chemistry of granites has an enormous influence on its
constituent minerals, enabling the recognition of source rocks that have melted to produce the
magmas, and their ability to produce economic resources. Granites of the New England
Batholith fit into two geochemical groups, I- and S-type granites. I-type granites are derived
from melting in the crust of igneous material, whilst S-types are derived from melting of
sedimentary material in the crust. Within these subdivisions the granites may be characterised
by a number of geochemical features that provide further information about source and
conditions during melting and ascent of the magma.

Fractionation is a term used to describe the preferential extraction of certain mineral phases
from the magma during melting and ascent. Magmas that have undergone changes in bulk
chemistry due to this process are called “fractionated”. The process of fractionation is essential
in ore formation for many mineral resources derived from granitic rocks, for example tin.
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Figure 3-N. Surface distribution of the New England Batholith in the Nandewar study area.
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3.4.2

Granites may be classified as being reduced or oxidised. This refers to the amount of oxygen
available during crystallisation of the magma. The oxidation state of the magma is a product of
that of the source material, interaction with country rocks during ascent, and conditions during
crystallisation. It is dependent on a number of complex variables and will partially control the
mineral phases and chemistry of the granite. The oxidation state of a granite is measured by the
Fe,03/FeO ratio and is reflected in mineralogy by the presence of different iron oxide phases
that include ilmenite, magnetite and titanite. In general terms, S-type granites are reduced and
produce minerals with higher cation: oxygen ratios, for example, ilmenite, and I-type granites
range according to the source rocks from weakly reduced to oxidised. Oxidised granites will
tend to include magnetite in their mineral assemblage.

Bundarra Supersuite

The Bundarra Supersuite (Photograph 3-S) is immediately recognisable within the Nandewar
study area as a north-south elongate belt of coarse-grained, equigranular to porphyritic granitic
rocks. It is unusual in the New England Batholith in that it forms a large, continuous belt,
contrasting to the more common ovoid, discrete plutons that comprise the other supersuites. The
Bundarra Supersuite is an aggregate of individual plutons forming a compositionally coherent
group of S-type affinity. These S-type granites are derived from melting of sedimentary rocks
within the crust in response to a major thermal event. They contain a number of diagnostic
minerals such as muscovite, cordierite and rare garnet that indicate derivation from an
aluminium-rich source (typically sediments). Shaw and Flood (1982) proposed that the
Bundarra Supersuite is derived from the melting of sediments similar to, but younger than, the
Texas-Sandon association of the Central Block. K-Ar and Rb-Sr dating of whole rock and
mineral samples from the Bundarra Supersuite has been compiled by Brown ef al. (1992) and
provides a coeval model for supersuite formation at 286-277 Ma. The Bundarra Supersuite is
reduced and unfractionated, and it is largely due to the latter that there is an apparent scarcity of
mineralisation associated with it.

Geophysical imagery, particularly radiometrics, reveals heterogeneities within the Bundarra
Supersuite that, except for the southerly extent of the supersuite, have not been previously
mapped. In regional magnetic images the Bundarra Supersuite produces a prominent uniform
low magnetic response, which is in fact the lowest in the New England Fold Belt, consistent
with its S-type chemistry. Magnetic imagery reveals a distinct contact aureole (thermal
alteration of surrounding sediments) along the western margin that extends for up to four
kilometres (Brown, 2003). The Bundarra Supersuite is easily recognisable as a bright, north-
south elongate belt in radiometric images defined by sharp boundaries with structural control,
particularly on its western margin. Individual intrusions within the southerly bulge include the
Pringles, Banalasta and Glenclair monzogranites, recognised previously by mapping. These
intrusions are clearly identified using radiometric imagery; unit boundaries are identifiable and
have been significantly refined (Brown, 2003).

The Bundarra Supersuite is geographically subdivided into two portions. The southerly extent is
by far the largest and includes that part of the supersuite from north of Tamworth to west of
Inverell, whilst the northerly part stretches from northwest of Inverell to the Queensland border
(Figure 3-0). The northerly and southerly extents of the Bundarra Supersuite produce very
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different radiometric responses, the northerly portion apparently more potassic than the
southerly portion. Within the Nandewar study area, radiometric imagery is useful for
discriminating the Bundarra Supersuite from other supersuites of the New England Batholith as
it has lower overall abundances of radioelements but has higher K than Th and U.

¥
Ak

Photgraph 3-. Bunrr Supsuie at Macintyr Falls weathering to pavements and prominent tors.
GR 302160 6773190.

3.4.3 Clarence River Supersuite

The Nundle Suite in the south and the Boxwell Granodiorite in the extreme north represent
members of the Clarence River Supersuite within the Nandewar study area. This supersuite is
chemically the most diverse of the New England Batholith, ranging from gabbro through to
monzogranite compositions, although tonalitic and granodioritic compositions dominate. Within
the Nandewar study area, granodiorite with minor trondhjemite and monzogranite intrusions are
prevalent. Clarence River intrusions are typically fine- to medium-grained, unfractionated and
moderately oxidised. In terms of major element abundances, the Clarence River Supersuite is
geochemically distinct from other I-type supersuites within the New England Batholith (Bryant
et al., 2002). Kimborough et al. (1993) has dated the Barrington Tops Granodiorite, a member
of the Nundle Suite, using the SHRIMP (Sensitive High Resolution Ion MicroProbe) method at
273 and 281 Ma, Early Permian age. Prior to this, the Nundle Suite has been dated by whole
rock Rb-Sr methods at 264-273 Ma (Hensel et al., 1982). New geophysical surveys do not
extend to those parts of the Nandewar study area in which members of the Clarence River
Supersuite outcrop. Hence, recognition based on radiometric and magnetic response could not
be established.
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Bundarra Supersuite

Figure 3-O. Contrasting radiometric responses from the northerly and soutfwerlyortions of the Bundarra
Supersuite.

3.4.4

Uralla Supersuite

The Tingha Monzogranite is the only recognised member of the centrally located I-type Uralla
Supersuite outcropping within the Nandewar study area. The Gilgai, Mole, Elsmore, Webbs
Consols and Dumboy-Gragin granites form part of the unclassified “leucoadamellite” suite of
Shaw and Flood (1981), however Bryant et al. (2002) have tentatively reclassified these plutons
as belonging to the Uralla Supersuite. For the purposes of this report however, these
leucogranites will be treated separately.

As with the Clarence River Supersuite, the Uralla Supersuite is compositionally diverse.
Compositions range from gabbro and diorite through to monzogranite (47-77% SiO,) (Bryant et
al., 2002). The average composition of the Uralla Supersuite is more mafic (that is, lower SiO,
abundance), contains fewer fractionated plutons and is more reduced than the Moonbi and
Clarence River supersuites. In general, within the New England Batholith the Uralla Supersuite
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composition is transitional between I- and S-type compositions, indicating possible sedimentary
influence with respect to the source of these granites (Bryant et al., 2003). Although suites are
not recognised within the Uralla Supersuite, four groups have been defined with strong
geographical control (Bryant ef al., 2002). Members are typically equigranular to weakly
porphyritic and are white in colour.

The Tingha Monzogranite (Photograph 3-T) represents a more felsic member (that is higher
Si0, abundance) of the supersuite that does not fit into any of the four groups recognised. It is
characterised by moderate to large K feldspar crystals within a gradational groundmass that
includes biotite and hornblende, typical of I-type granites. The Tingha Monzogranite is intruded
by the Gilgai Granite where its western, northern and eastern margins are complex contacts that
indicate transitional rock type varieties (Stroud, 1989). Stroud (1989) reported a K-Ar age of
237 Ma and a Rb-Sr age on biotite of 249 Ma (Shaw and Flood, 1991) has also been reported.

ALY A 2 Ny

B

ALY

Photograph 3T TinghaMonzogranite, a felsic member f the Uralla ersuite GR 345420 6690440.

A very small proportion of the Tingha Monzogranite outcrops in the Nandewar study area. It
produces a uniform low magnetic response (Figure. 3-P) and a variably moderate to high
radiometric response (Figure. 3-Q). The radiometric response is complicated by the interaction
between the Tingha and Gilgai intrusions and by overlying regolith and cover sequences. The
Tingha Monzogranite and Gilgai Granites are clearly distinguished by the universally higher
radioelement abundance of the Gilgai Granite in radiometric imagery and by the uniform low
magnetic response of the Tingha Monzogranite.

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR 65



Figure 3-P Radiometric i lmage hlghllghtlng differences between the ngha Monzogran/te and the Gllgal
Gran/te The mottling effect is due to regollth and/or cover development on top of the granitoids.
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Figure 3-Q. F/rst vertlcal derlvat/ve of the reduced fo pole magnet/c image showing the contrast betwen the
granitoids and the Tertiary basalts.
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3.4.5

Ptogrph 3-U. ooni nzngrénit sh

Moonbi Supersuite

Bryant (2001) has subdivided the I-Type Moonbi Supersuite into two supersuites; the Northern
Moonbi Supersuite (NMSS) and the Southern Moonbi Supersuite (SMSS). Members of the
SMSS outcropping within the Nandewar study area include the Inlet Monzonite, Attunga Creek
Monzogranite, Moonbi Monzogranite, Bendemeer Monzogranite, Limbri Leucomonzogranite,
Walcha Road Monzogranite, Back Creek Tonalite, Congi Creek Monzogranite, Campbells Hill
Monzogranite, Standbye Monzogranite and Looanga Monzogranite, all of which are situated
northeast of Tamworth. Of those intrusions belonging to the Northern Moonbi Supersuite, the
Clive Monzogranite is the only member outcropping within the Nandewar study area.

Members of the SMSS are medium- to coarse-grained with prominent pink K feldspar crystals
(phenocrysts) (Photograph 3-U) and minor titanite and magnetite grains (Bryant, 2001). These
plutons are moderately to strongly oxidised, are geochemically diverse and are more mafic
(contain less Si0;,) than their northern counterparts. They are generally less fractionated than
members of the NMSS and hence have reduced metallogeny, although W and minor Mo-Cu
prospects are recognised in the granites of the Tamworth area (Bryant et al., 2003). Members of
the SMSS in the Nandewar study area are generally unfractionated, although the Looanga
Monzogranite is an exception.

§ oL

wing pink K feldspar phenocrysts. GR 306060 6563720,

Very little dating of Moonbi Supersuite granitoids has taken place. Kent (1993) quoted K-Ar
ages from Cooper et al. (1963) from the Inlet Monzonite as 253+5 Ma (hornblende) and 250£5
Ma (biotite), and 248+5 Ma (K-Ar age on biotite) from the Attunga Creek Monzogranite.
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3.4.6

Radiometric and magnetic imagery (Figures 3-R and 3-S) identifies SMSS members as largely
ovoid bodies with complex internal structure, as outlined by Brown (2003). Geophysical
imagery has delineated concentric zonation within most plutons, expressed in both the magnetic
and radiometric images, a feature largely diagnostic of the SMSS. Previously unrecognised
zoning has been identified in the Attunga Creek Monzogranite as well as concentric zoning in
the Bendemeer Monzogranite (Brown, 2003). Radiometric imagery indicates a diverse range of
radiometric responses from uniform, very high K, Th and U in the Limbri Leucomonzogranite
to the mottled, high K with lower Th and U response in the Walcha Road Monzogranite.
Complex jointing is also identified within this body in both magnetic and radiometric imagery,
as are regolith effects, producing a U-rich, deep blue smear.

. b 4 .
Figure 3 R. Rad/ometr/c image of ovoid, zoned granitoids of the Southern Moonbi Superswte

‘Leucogranites’

In addition to the five suites identified within the New England Batholith by Shaw and Flood
(1981), a group of highly fractionated granites informally termed “leucoadamellites” was
recognised. Bryant et al. (2002) have subsequently reclassified many of these leucogranites into
the above mentioned supersuites. In the Nandewar study area the following leucogranites
outcrop: The Mole Granite, Webbs Consols Granite, Elsmore Granite, Gilgai Granite and
Dumboy-Gragin Granite. These granites form part of a group named by Bryant (2001) as being
Western Leucogranites. Due to their highly fractionated chemistry, these granites have been
difficult to classify and are tentatively placed within the Uralla Supersuite.

68

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR



Standbye Monzogranite|

|| Campbells Hill Monzogranitef
Looanga Monzogranite, ]

L e A |
WalchaRoad

o

1 wr.
1 N = % il

. Limbri Leucomonzogranite

[ L W ’ ok

A -

Figure 3-S. First vertical derivative of the reduced to pole magnetic image showing granitoids of the
Southern Moonbi Supersuite. Note complex crosscutting jointing within the granitoids and magnetic zoning
within the Inlet Monzonite and Attunga Creek Monzogranite.

The leucogranites are I-type, reduced and very felsic in nature (74-77% SiO,). Their chemistry
approximates minimum melt compositions (that is the composition produced from the
minimum amount of melt required to produce a magma). Another important feature of these
granites is extreme textural variability from fine- to very coarse-grained varieties and an
abundance of miarolitic cavities, indicating the presence of a magmatic volatile phase during
crystallisation (Bryant, 2001).

The leucogranites in the Nandewar study area are highly mineralised, a product of extreme
fractionation of the crystallising magma. These granites were emplaced to a shallow crustal
level where they concentrated magmatic fluids, degassed, and hydrothermally altered the
granite. The fluids are commonly rich in metals such as tin, tungsten, copper, lead, silver, and
arsenic and may produce gem quality topaz, beryl and emerald.

Leucogranites share distinctive geophysical properties. They are all extremely rich in
radioelements, producing a white radiometric response reflecting high K, Th and U, which
clearly distinguishes them from the less fractionated granites belonging to the Uralla, Moonbi
and Bundarra supersuites (Figure 3-T). The leucogranites are reduced, and hence contain
ilmenite rather than magnetite in their mineral assemblage. Because of this, the granites are
magnetically non-responsive. There is an important exception to note; the Gilgai Granite has a
highly variable magnetic signature that is difficult to explain.
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Figure 3-T. Contrasting radiometric signatures of the leucogranites (Gilgai, Elsmore and Dumboy-Gragin) with nearby
Bundarra Supersuite and Tingha Monzogranite of the Uralla Supersuite.

3.4.7

Unclassified intrusive rocks

Unclassified intrusive rocks that form part of the New England Batholith are generally small
outcropping bodies of limited extent that have been mapped previously, or are newly recognised
bodies on the basis of their geophysical signatures. Unclassified bodies range in composition
from granitoid to gabbro and are scattered throughout the study area. Granitic bodies are more
abundant in the northern portions of the study area where they intrude basement rocks such as
the Carboniferous Texas Beds. In the southern portions of the Nandewar study area small
gabbroic bodies have been identified that intrude Devonian Tamworth Group sediments.

Two small, highly conspicuous bodies have been identified by recent geophysical surveys in the
northern and central portions of the Nandewar study area. These are the informally named “Fox
Tor Diorite” and “Willowie Diorite” and have been described by Brown (2003) and Brown (in
press). The Fox Tor Diorite has intruded into the Pringles Monzogranite of the Bundarra
Supersuite north of Tamworth. It is tentatively classified as being part of the Moonbi Supersuite
by Brown (in press) on the basis of geochemistry, magnetic susceptibility and a K-Ar date that
reveals an Early Triassic age of 239.7+6.7 Ma. It is poorly distinguished from the Pringles
Monzogranite on the basis of radiometric imagery, producing a similar K-Th-U-rich response.
The northerly Willowie diorite also intrudes along the western margin of the Bundarra
Supersuite southwest of Ashford and is petrographically similar to the Fox Tor Diorite, though
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geochemical analysis has not yet been undertaken on this intrusive rock. It produces a pale
green radiometric response indicating moderate radioelement abundance with Th greater than K
and U. The Willowie and Fox Tor diorite bodies produce intense magnetic highs that indicate
plug-like structures for both intrusive bodies.
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3.5 PERMO-TRIASSIC BASINS

PERMO-TRIASSIC BASINS

In the Nandewar study area includes the Sydney-Bowen Basin, the Werrie Basin and the Warialda Trough;

The Sydney-Bowen Basin:

Includes the Gunnedah Coalfield and the Hunter Coalfield;

The Permian comprises early felsic and mafic volcanics, overlain by later, terrestrial and marine sediments that contain
coal-bearing horizons

Triassic depositional environments include braided stream, deltaic and lacustrine environments;

Was locally disrupted during the latest Permian to Early Triassic by the Hunter Bowen Orogeny proximal to the Hunter-
Mooki Thrust System;

Originated as an Early Permian rift basin in a back-arc setting.

Werrie Basin:

Comprises a succession of Early to Late Permian sedimentary and igneous rocks;
Is dissected by the east-west oriented Murrurundi Fault;

Unconformably overlies sediments of the Tamworth Belt;

Bounded to the west by the Hunter-Mooki Thrust;

Comprises sediments and volcanics that were deposited in a range of environments that include terrestrial, shallow
marine and lacustrine.

Warialda Trough:

Middle to Late Triassic in age;
Unconformably overlies basement rocks of the New England Fold Belt;
Unconformably overlain by Surat Basin sediments and Tertiary volcanics;

Comprises sediments that were deposited in high-energy valley-fill and braided stream environments.

3.51 Introduction

The Early Permian and Middle Triassic saw those rocks on the western side of the of the New
England Fold Belt subject to periods of extension and compression with a resulting
development of thick sedimentary basins. Structural elements of three such Permo-Triassic
basins are contained within the Nandewar study area — the Sydney-Bowen Basin, Werrie Basin,
and the Warialda Trough (Figure 3-U). Figure 3-V is a detailed correlation chart comparing the
stratigraphies of the Sydney-Bowen and Werrie Basins as well as the Warialda Trough.
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Figure 3-U. Surface distribution of Permo-Triassic basins in the Nandewar study area.
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Figure 3-V. Stratigraphic correlation chart for the Sydney-Bowen and Werrie Basins, and the Warialda Trough.
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3.5.2 Sydney-Bowen Basin

Gunnedah Coalfield

Development of the Gunnedah Coalfield began with the extrusion of felsic to intermediate
volcanics (Boggabri Volcanics; Hill, 1986) in the early Early Permian. Mafic volcanics (Werrie
Basalt; Branagan, 1969) are interbedded towards the top and overlie the Boggabri Volcanics in
the Gunnedah Coalfield. A late Early Permian deep weathering profile and colluvial deposits
consisting of kaolinitic clayrocks [Leard Formation; coal-bearing sequence (Brownlow, 1980)]
developed on the Boggabri Volcanics and Werrie Basalt. A series of lacustrine to prograding
delta deposits (Goonbri Formation; Etheridge, 1986) were then deposited on top of the Leard
Formation. Conglomeratic braided stream (alluvial fan) deposits of the Maules Creek Formation
(coal-bearing sequence) overlie the Leard and Goonbri Formations.

In the early Late Permian, a marine transgression turned the Sydney-Bowen Basin into a
palaeo-sea. The manifestations of this on the Gunnedah Coalfield are the marine conglomerates
and sandstones of the Porcupine Formation. These are overlain by the shallow marine siltstones
and mudstones of the Watermark Formation, deposited during the regression of the palaeo-sea.
The late Late Permian Black Jack Group (coal-bearing sequence) displays a range of
depositional settings with influxes of sediment from the New England Fold Belt and Lachlan
Fold Belt. The variations extend from deltaic deposits (Hoskissons Coal; Pamboola Formation),
to shallow marine deposits (Arkarula Formation), to braided and meandering stream deposits
(Wallala Formation, Clare Sandstone), to tuffaceous coal swamps (Trinkey Formation) (Tadros,
1993; Pratt, 1998).

Movement along the Hunter-Mooki thrust associated with the Hunter-Bowen Orogeny during
the latest Permian and Early Triassic had a marked effect on the depositional regime in the
Gunnedah Coalfield. Thrusting is manifest as an angular unconformity between the Permian
part of the Gunnedah Coalfield and the Triassic Digby Formation in the Nandewar Range and
Willow Tree areas (Hill, 1986). The Early to early Middle Triassic Digby Formation (Beckett et
al., 1983) consists of lower conglomerates (Bomera Conglomerate; Photograph 3-V) fining
upwards into a series of cross bedded sandstones toward the top (Ulinda and Wollar Sandstone).
The Middle Triassic Napperby Formation (Russell and Middleton, 1981) conformably overlies
the Digby Formation and comprises fine sandstone and mudstone that typify the lacustrine and
delta front depositional regime for this unit. Finally, the Middle Triassic Deriah Formation
(Hill, 1986) near the Nandewar Ranges marks the end of deposition in the Gunnedah Coalfield.

Only a small part of the far-eastern portions of the Gunnedah Coalfield occur within the
Nandewar study area. Most of the coalfield that does outcrop in the study area occurs beneath
the Nandewar Ranges. The rest exists as small slivers on the edge of the study area. The
Boggabri Ridge, a north-northwest trending basement high, effectively divides the Gunnedah
Basin into two sub-basins, the Mullaley Sub-basin to the west and the Maules Creek Sub-basin
to the east.

The Maules Creek Sub-basin is located east of the Boggabri Ridge, and is bounded to the north
by basalts of the Nandewar Range, to the east by the Hunter-Mooki Thrust Fault System, and to
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the south and west by basal volcanics of the Boggabri Ridge. The Maules Creek Sub-basin
contains sediments that onlap the Boggabri Ridge to the west and thicken eastward to greater
than 1000 metres. The eastern boundary of the sub-basin is the east dipping Hunter-Mooki
Thrust Fault, beneath which Permian sedimentary rocks are thought to occur. Up to 25
correlated coal seams ranging in thickness from 0.3 to 3.5 metres are found in the sub-basin
(Table 3-A). These seams, part of the Maules Creek Formation, generally thicken in the western
part of the sub-basin (Wiles, 1996).

ey

Photograph 3-V. Quarry face showing shallowly dipping Bomera Conglomerate
(Digby Formation). Photo taken at Willow Tree tip. GR 283230 6494300.

The Mullaley Sub-basin extends the length of the Gunnedah Basin, from Moree in the north to
the Liverpool Range in the south. The western limit of Permian rocks is the Rocky Glen Ridge
while the Boggabri Ridge forms the eastern boundary. As with the Maules Creek Sub-basin, the
Mullaley Sub-basin basement consists of the Werrie Basalt and Boggabri Volcanics. Overlying
the volcanics are the Early Permian Leard, Goonbri and, Maules Creek Formations. These units
are then overlain by the Late Permian Porcupine and Watermark Formations and the Black Jack
Group. The Triassic Digby and Napperby Formations overlie the Permian strata. In the
Mullaley Sub-basin, there are a number of correlated coal seams (Table 3-B). These seams
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occur in the Black Jack Group and generally thicken to the south of the Mullaley Sub-basin
(Murrurundi Trough).

Table 3-A. Coal seam nomenclature for the Maules Creek Sub-Basin, after Wiles (1996).

MAULES CREEK SUB-BASIN

Maules Creek nomenclature Vickery nomenclature

Herndale seam Tralee seam

Onavale seam Gundawarra seam

Teston seam Welkeree seam
Thornfield seam Kurrumbede seam
Braymont seam Shannon Harbour Upper seam
Jeralong seam Shannon Harbour Lower seam
Merriown seam Stratford seam
Velyama seam Blue Vale seam

Nagero seam Cranleigh seam

Upper Northam seam

Lower Northam seam

Therribri seam

Flixton seam

Tarrawonga seam

Templemore seam

Table 3-B. Coal seam nomenclature for the Mullaley Sub-basin, after Wiles (1996).

MULLALEY SUB-BASIN

Southern Mullaley Sub-basin Northern Mullaley Sub-basin

Doona seam

Springfield seam

Clift seam

Breeza seam

Howes Hill seam

Caroona seam

Hoskissons Coal Hoskissons Coal

Melvilles Coal Member Melvilles Coal Member

Hunter Coalfield

Although the Hunter Coalfield extends from the Liverpool Ranges to east of Singleton, in the
Nandewar study area it only outcrops in the extreme south around the town of Murrurundi. The
two units outcropping are the late Late Permian Murulla beds and the Early Triassic Narrabeen
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3.5.2

Group. North of Scone, the Singleton Supergroup (Black Jack Group equivalent) lacks the
prominent marker beds farther to the south (examples of which include the Watts Sandstone,
Denman Formation, Bayswater Seam, Archerfield Sandstone and Bulga Formation).
Consequently, the Singleton Supergroup to the north of Scone has been grouped by Manser
(1968) and named the Murulla beds. From field and drillcore inspection (Wancol Murrurundi
DDHI1, Elecom Scone-Murrurundi DDH1), the Murulla beds can be divided into three
sequences. These sequences are a lower sandstone sequence, an upper conglomeratic sequence,
and, a relatively thin tuffaceous and coaly interval approximately 300 metres above the base of
the conglomerate.

Overlying the Murulla beds are the thick, braided-stream conglomerate and sandstone deposits
of the Narrabeen Group (Joplin ef al., 1952). The boundary between the Murulla beds and the
Narrabeen Group is difficult to identify, although Pratt (2000) suggests that the boundary occurs
at the top of the tuffs, coal or carbonaceous claystones in the Murulla beds. Deep (greater than
500 metres) beneath the Murulla beds and Narrabeen Group in the Murrurundi area the lower
units of the Hunter Coalfield are assumed to occur (although no drilling has yet intersected
these rocks). These units are the Dalwood Group (Boggabri Volcanics and Werrie Basalt
equivalent), Greta Coal Measures (Bellata Group equivalent), and Maitland Group (Millie
Group equivalent).

Werrie Basin

Almost wholly contained within the Nandewar study area, the Werrie Basin unconformably
overlies the Tamworth Belt, with the western boundary defined by the Hunter-Mooki Thrust,
while the southern boundary was previously defined by the Murrurundi Fault (Carey, 1934).
New mapping in this study has outlined a southern extension of the primary Werrie Basin that
extends approximately 20 kilometres to the south of the Murrurundi Fault. Two stratigraphies
exist for the Werrie Basin: that defined by Offenberg (1968) north of the Murrurundi Fault; and
that defined by Manser (1968), south of the Murrurundi Fault. The stratigraphies of the northern
and southern parts of the Werrie Basin are shown in Figure 3-V.

Werrie Basin — North

The Werrie Basin north of the Murrurundi Fault, contains a series of Early to Late Permian
sedimentary and igneous rocks. Units comprising the northern part of the basin include the
Temi Formation, Warrigundi Igneous Complex, Werrie Basalt, Willow Tree Formation,
Borambil Creek Formation, and the Toll Bar Formation. The Temi Formation (Photographs 3-
W and 3-X) marks the beginning of sedimentation in the Werrie Basin and is up to 220 metres
thick (McPhie, 1984). Terrestrial conglomerates and coarse sandstones of the lower Temi
Formation (>100 metres thick) give way to fine sandstone, siltstone, carbonaceous shale and
coal in the upper part of the unit (>100 metres thick). As well as coal deposits, oil shale deposits
have been reported (Lishmund, 1971) towards the base of the Temi Formation. A series of
mafic to felsic volcanic and volcaniclastic rocks of the Werrie Basalt and Warrigundi Igneous
Complex intrude and overlie the Temi and Currabubula Formations with conformable and
unconformable relationships respectively. The Werrie Basalt is up to 1500 metres thick and is
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comprised dominantly of basalt (Branagan, 1969). Tuffs, agglomerates, conglomerates and
sandstones are interbedded with the basalt flows and are apparently marine in origin (Hanlon,
1948). Dolerite dykes and sills up to five metres thick, coeval with the Werrie Basalt, are
commonly observed intruding the Currabubula and Temi Formations in the Werrie Basin. The
Warrigundi Igneous Complex is made up largely of extrusive andesites, dacites and rhyolites
that are in part interbedded with the Werrie Basalt.

taken at

4 F" oL -
. A AT e &

la Formation (bottom). Photo

Photograph 3-W. Boundary of the Temi Formation (top) and the C?Zirrabubu
Quipolly Dam spillway. GR 281310 6521280.

Overlying the Werrie Basalt is the late Early Permian Willow Tree Formation (Bellata Group
equivalent). This unit outcrops in two areas five kilometres south of Werris Creek, and
immediately to the west of Willow Tree. Branagan (1969) describes the Willow Tree Formation
as consisting of shales, sandstones, grits, conglomerates and bands of concretionary ironstone.
The early Late Permian marine sedimentary rocks of the Borambil Creek Formation (Porcupine
Formation equivalent; Photograph 3-Y) and Toll Bar Formations (Watermark Formation
equivalent) are consistently fossiliferous and consist of conglomerate, sandstone, mudstone and

limestone.
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Photograph 3-X. Clast-supported conglomerate, Temi Formation. Elecom Scone-Murrurundi DDHA4.

- |

Photograph 3-Y. Matrix-suppoed coglomerate, Borambil Creek Formation. Photo taken near Willow Tree.
GR 284540 6494190.
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Werrie Basin - South

The proposed southern extension of the Werrie Basin (south of the Murrurundi Thrust Fault)
contains the Temi Formation, Werrie Basalt, Koogah Formation, Bickham Formation and
Murulla beds. Figure 3-W shows the geology and extent of the southern Werrie Basin. The
lowermost units are the same as those to the north of the Murrurundi Fault (Temi Formation and
Werrie Basalt). The late Early Permian (coal bearing strata) Koogah Formation overlies the
Werrie Basalt and comprises three distinctive and contrasting facies. The lower facies [Leard
Formation equivalent (Beckett et al., 1983)] consists essentially of kaolinitic and flint clays and
hosts the ‘G’ seam (Table 3-C) of the Bickham Coal Proposal area. Drillcore inspection in this
study (Wancol Blandford DDH1) has defined a sequence of lacustrine to delta front deposits up
to 75 metres thick, containing the ‘F’ coal seam (Table 3-C). This unit could be tentatively
correlated with the Goonbri Formation of Etheridge (1986) in the Gunnedah Coalfield. The
upper facies (Maules Creek Formation equivalent) is composed almost entirely of quartz-lithic
sandstones and conglomerates up to 200 metres thick and hosts the ‘E’ to ‘A’ coal seams (Table
3-C). The early Late Permian Bickham Formation [Porcupine and Watermark Formation
equivalent (Photograph 3-Z)] overlies the Koogah Formation and consists of lithic
conglomerates and sandstones of marine origin. Above the Bickham Formation is the late Late
Permian, terrestrial coal sequence of the Murulla beds (Black Jack Group equivalent). From
field and drillcore inspection (Wancol Murrurundi DDH1, Elecom Scone-Murrurundi DDHT1),
the Murulla beds can be divided into three sequences. These sequences are a lower sandstone
sequence, an upper conglomeratic sequence, and, a relatively thin tuffaceous and coally interval
approximately 300 metres above the start of the conglomerate.

Overall, the Werrie Basin is a synclinal structure, laterally compressed and folded internally
into a western anticline along the leading edge of the Hunter Mooki Fault and an eastern
syncline. Dips on the edge of the margins of the basin are generally moderate to steep. Domes
and saddles within the basin provide the largest areas of outcrop of the gently dipping to sub-
horizontal Temi Formation (Rio Tinto Pty Ltd & Werrie Gold Ltd 1997).

Table 3-C. Coal seam nomenclature, thickness, and ash for the Koogah Formation,
Southern Werrie Basin.

Seam Thickness Ash
A 3m 15.00%
B * *
Cc 2-275m >30%
D 0.5m 16%
E 6.4-7.6m 7.2-9.6%
F 1.25m 6.1-9.4%
G 6.2-11.5m 4-59%

* No Data available
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Photograph 3-Z. Matrix-supported conglomerate, Bickham Formation. Wancol Blanford DDH1.

3.5.3

Warialda Trough

The Warialda Trough is a Middle Triassic sedimentary sequence that unconformably overlies
the New England Fold Belt and the Bowen Basin, and is unconformably overlain by the Surat
Basin and Tertiary volcanics. Members of the Warialda Trough outcrop southeast of Warialda
and continue as a series of parallel belts to the north in the subsurface (Barnes et al., 2002).
These sediments comprise terrestrial coarse to fine clastic sediments that range in thickness up
to 200 metres. Warialda Trough sediments nonconformably overlie the Early Triassic Dumboy-
Gragin Granite, from which they are largely derived, and so it is estimated that in excess of
1000 metres of New England Fold Belt rocks have been eroded in less than 20 million years
(Barnes et al., 2002). The trough sediments comprise the Middle Triassic Gunnee Formation
and Gragin Conglomerate that were deposited in a high-energy valley-fill and braided stream
environment (Bourke, 1980; quoted in Barnes ef al., 2002).
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Figure 3-W. The geology of the Southern Werrie Basin.
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The Gunnee Formation comprises coarse arkosic arenite with finer grained interbeds of arenite
and argillite (Stroud, 1989), locally grading into paraconglomerate (Photograph 3-AA). The
lithologies are immature, particularly near the underlying contact with the Dumboy-Gragin
Granite, the provenance of a significant proportion of the unit. Plant macro and microfossils
have been recorded that place the age of the unit as Middle Triassic (Bourke et al., 1977; quoted
in Stroud, 1989). The geophysical signature of the Gunnee Formation reflects the provenance of
these rocks, that is derivation from a radioelement rich, strongly fractionated granite. Despite
the obvious similarities, the Gunnee Formation can be distinguished from the nearby Dumboy-
Gragin Granite by its slightly lower radiometric response. The magnetic response is essentially
identical to the Dumboy-Gragin Granite.

The Gragin Conglomerate overlies the Gunnee Formation and comprises a thick sequence of
moderately well sorted orthoconglomerates with minor interbeds of arenite (Stroud, 1989).
Clasts are pebble to conglomerate, well rounded, and are dominated by felsic volcanics with
minor sedimentary clasts that include chert and quartzite (Photograph 3-BB). The provenance
of the Gragin Conglomerate differs from that of the underlying Gunnee Formation, the latter
lacking felsic volcanic clasts (Stroud, 1989). Macro and micro fossil data place the age of the
Gragin Conglomerate as Middle Triassic (Bourke et al., 1977; quoted in Stroud, 1989). Like the
Gunnee Formation, the Gragin Conglomerate can be distinguished from the nearby Dumboy-
Gragin Granite by its slightly lower radiometric response. The radiometric and magnetic
responses of the Gragin Conglomerate cannot be distinguished from those of the Gunnee
Formation and the Dumboy-Gragin Granite.
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Photograph 3-AA. Outcrp of clast-prted parconglomerate (Gunnee Formation). Photo taken near Warialda.
GR 276060 6711600.

- _ 3 : s, Vs Y
Photograph 3-BB. Outcrop of a clast-supported orthoconglomerate (Gragin Conglomerate). Photo taken near

Warialda. GR 284170 6728540.
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3.6 SURAT BASIN

SURAT BASIN
Comprises sediments of Early Jurassic to Early Cretaceous age;
Forms part of the Great Australian Basin;

Unconformably overlies the Sydney-Bowen Basin, Warialda Trough and the New England Fold Belt in the Nandewar study
area;

Is overlain by Tertiary volcanics and Quaternary sediments;

Comprises sediments that were deposited in a continental basin containing early fluvial sediments and terrestrial volcanics
with later sequences typical of a cyclic marine transgressive and regressive environment;

Comprises the following stratigraphic units that outcrop within the Nandewar study area (from base):

e  Hutton Sandstone, Walloon Coal Measures, Purlawaugh Formation, Pilliga Sandstone, and the Rolling Downs Group.

3.6.1 Introduction

The Early Jurassic to Early Cretaceous Surat Basin sedimentary sequence unconformably
overlies the Permian and Triassic sediments of the Sydney-Bowen Basin, the New England
Fold Belt, and the Middle Triassic strata of the Warialda Trough. The sediments were deposited
in an Early Jurassic—Early Cretaceous continental basin and contain early fluvial sediments and
terrestrial volcanics and later marine transgressive-regressive sequences that have been folded
into very gentle regional anticlines and synclines. Overlying these basin sediments are Tertiary
sediments and volcanics. The stratigraphy of the Surat Basin in the Nandewar study area can be
observed in (Figure 3-X). In the Nandewar study area, members of the Surat Basin outcrop in a
thin (less than ten kilometres) strip from the Nandewar Ranges to west of Texas (Figure 3-Y).

Albian Rolling Downs Group
o Aptian
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O .
5 Early Bamremian Drildool Formation
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E Q Oxfordian
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i'% Callovian Walloon
& Coal
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Figure 3-X. Stratigraphy of the Surat Basin in the Nandewar study area.
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3.6.2

Stratigraphy

In the Nandewar study area, the Hutton Sandstone (Mollan ef al., 1972) outcrops in the
Warialda area and in a north-south elongate strip from near Terry Hie Hie to the west of
Gravesend. The unit is wedge shaped and increases in thickness to the north and west of
Warialda. The Hutton Sandstone is dominantly composed of medium- to coarse-grained
quartzose sandstone (Photograph 3-CC). Other minor lithologies in the Hutton Sandstone
include conglomerate, fine sandstone, siltstone, mudstone, carbonaceous shale and coal. Bourke
(1980) divided the Hutton Sandstone into three sub-units: two coarse-grained sub-units (upper
and lower) that are separated by a mudstone, siltstone and coal sub-unit.

The Walloon Coal Measures (Exon, 1976) conformably overly the Hutton Sandstone, and are in
turn overlain by the Pilliga Sandstone. Lithologies for the Walloon Coal Measures include a
lower portion that consists of coarse- to medium-grained lithic sandstone, and an upper portion
that contains fine sandstone, siltstone, shale and coal. This unit was deposited in a series of
swamps and lakes during a period of volcanism (Bourke, 1980). However, Bourke (1980) was
unsure of the source of the volcanics.

The Middle Jurassic Purlawaugh Formation (Dulhunty, 1973) can be broadly correlated with
the Hutton Sandstone and Walloon Coal Measures and is dominated by smectic and kaolinitic
clayrocks with minor sandstone, coal and fossil wood. Outcrop of the Purlawaugh Formation in
the Nandewar study area occurs on the old New England Highway northwest of Murrurundi
(Dulhunty, 1939). In this area, the Purlawaugh Formation rests unconformably on the
Narrabeen Group (Arditto, 1980), and is unconformably overlain by the Tertiary Liverpool
Range Volcanics. Environments of deposition of the Purlawaugh Formation include lacustrine
(Dulhunty and Eadie, 1969), meandering stream and as valley fill (Loughnan and Evans, 1978).

The Late Jurassic Pilliga Sandstone (Dulhunty, 1939), a major freshwater aquifer in the
Warialda district (Bourke, 1980), conformably overlies the Walloon Coal Measures and
unconformably rests on the Tamworth Belt. Lithologies comprise a series of monotonous
coarse- to medium-grained cross-bedded quartzose sandstone with a kaolinitic matrix
(Photograph 3-DD). Minor lithologies in the Pilliga Sandstone include conglomerate ‘lags’,
fossil wood horizons and ferruginised 'ironstone' layers. The Pilliga Sandstone was deposited as
a fluvial braided stream sequence (Arditto, 1980).

Overlying the Pilliga Sandstone is the late Late Jurassic to Early Cretaceous Keelindi beds
(Hawke and Cramsie, 1984). The Keelindi beds comprise the Orallo Formation, Mooga
Sandstone and the lower Bungil Formation and consist of fine sandstone, siltstone, claystone,
carbonaceous shale and coal. Environments of deposition for the Keelindi beds are fluvial and
lacustrine (Hawke and Cramsie, 1984).

The Early Cretaceous Drildool Formation (Hawke and Cramsie, 1984) does not outcrop in the
Nandewar study area, although it is expected to occur beneath the Rolling Downs Group. This
unit was deposited in a shallow marine-shoreline environment and comprises the upper part of
the Bungil Formation (Reiser, 1969).
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Photograph 3-CC. Outcrop of the Hutton Sandstone showing masive quartzose sandstone. Photo
taken west of Gravesend. GR 232130 6729340.

Photgraph 3-DD. Outcrp of the Pilliga Sandstone showig cross bedding. Photo taken east of
Warialda. GR 272000 6725120.
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3.6.3

Rocks constituting the Early Cretaceous Rolling Downs Group in the Nandewar study area
occur just to the north of the Nandewar Ranges. This unit is marine in character and contains
claystone and siltstone.

South of Terrie Hie Hie, a group of unnamed Triassic to Jurassic sedimentary rocks, resting on
the Tamworth Belt is overlain by the Pilliga Sandstone. Lithologies for this unit consist of lithic
coarse-sandstone and polymictic conglomerate. Although more research is required to clearly
define possible relationships with this unit, the conglomeratic member looks similar to the
Digby Formation (Gunnedah Coalfield).

Geophysics

All of the sedimentary rocks within the Surat Basin have little or no magnetic response, but
other geophysical responses (for example gamma ray data) can vary quite significantly (Hawke
and Cramsie, 1984). The radiometric responses from airborne geophysical surveys for units
within the Nandewar study area are as follows:

Hutton Sandstone; low K, low Th, moderate to high U,

Walloon Coal Measures; moderate to high K, low to moderate Th, low to moderate U
Purlawaugh Formation; low K, low Th, low U

Pilliga Sandstone; low K, moderate to high Th, low U

Keelindi beds; moderate K, low Th, low U

Rolling Downs Group; low K, low to moderate Th, low U (this may be related to regolith

formation on the Rolling Downs Group).
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3.7 MESOZOIC INTRUSIVES

MESOZOIC INTRUSIVES

A number of small unnamed plug-like centres within the Nandewar study area, in the central west and south;
Intrude sediments of the Tamworth Belt;

Includes a small intrusion at Ruby Hill south of Bingara that contains garnet-rich eclogitic xenoliths;

Produces prominent bright blue radiometric and high magnetic responses.

Mesozoic intrusives are widely scattered in the southern portion of the Nandewar study area,
outcropping in three localities; Ruby Hill just south of Dinoga along the Fossickers Way,
approximately 12 kilometres north of Upper Horton and approximately ten kilometres southeast
of Murrurundi. These intrusions are small circular to ovoid plug-like structures less than one
kilometre in width. The two northerly intrusions produce prominent bright radiometric
responses that contrast markedly with the surrounding Noumea beds and Luton Formation of
the Parry Group (Figure 3-Z). Magnetics similarly produce an intense, magnetic high that is
easily differentiated from the surrounding magnetically subdued sediments (Figure 3-AA).

A small intrusion at Ruby Hill comprises basaltic breccia with abundant inclusions of garnet-
rich eclogite and granulite (Brown, 1986). Several east-west trending alkali olivine basalt dykes
have intruded this plug-like structure. Palacomagnetic studies indicate a Jurassic age for the
intrusion, which has been confirmed by K-Ar dating of a sanidine megacryst (Brown, 1986).

High radiometric member of the Noumea bed
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Figure 3-AA. First vertical derivative of the reduced to pol magnetic image showing the intense magnetic anomalies
associated with the Mesozoic intrusives.
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3.8 TERTIARY UNITS

TERTIARY UNITS
Are dominated by basaltic volcanic rocks and associated sediments;
Comprise four distinct volcanic associations within the Nandewar study area:

e Barrington Volcanic Province - of middle Eocene age, dominated by volcanic rocks of alkaline basaltic composition and
outcropping in the extreme south of the study area;

e Liverpool Range Volcanics - of late Eocene age in the Nandewar study area, dominated by volcanic rocks of alkaline
mafic to ultramafic composition outcropping on the south western margin of the study area;

e  Central Province - comprises two suites; an Eocene to Oligocene alkaline association dominated by basaltic lavas with
minor phonolitic plugs and early volcaniclastic sapphire-bearing sediments, and a Miocene aged tholeiitic association
dominated by basaltic lavas with subordinate volcaniclastic sediments;

¢ Nandewar Volcanic Province - of early Miocene age, comprising an alkaline association that includes, rhyolitic plugs
and flows, trachyte and subordinate mafic flows;

Typically contain coarse clastic sediments at the base of successions that may or may not be associated with volcanism;
Are spatially associated around a central volcanic edifice, except the Central Province tholeiitic association;
Preserve deep lead deposits of diamonds, tin and gold throughout the northern portions of the Nandewar study area;

Are the result of intraplate volcanism in Eastern Australia that stretched from Victoria to Queensland in the Tertiary.

3.8.1 Introduction

Quiescent periods in the Late Cretaceous and earliest Tertiary resulted in deep weathering
surfaces. Uplift associated with the onset of spreading of the Coral Sea in the Palacogene
(approximately 65 Ma) activated erosion and deposition of high-level gravels. These gravels
were then overlain by a series of lavas and pyroclastic material from central volcanoes and lava
field provinces from the middle Eocene to Miocene (Barnes ef al., 2002). Units constituting the
Early Tertiary sediments and subsequent volcanic piles are developed on basement of New
England Fold Belt, producing prominent volcanic edifices, the remnants of which are still
present today. Lava field provinces produced large flat-topped tablelands in the northern
portions of the Nandewar study area. The Tertiary volcanic material is almost always associated
with a distinct high frequency magnetic signature. This appears on the magnetic data as "spotty"
high and low magnetic values that are due to the highly varying occurrence of magnetite in
these rocks. The surface distribution of Tertiary units can be observed in Figure 3-BB.
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Figure 3-BB. Surface distribution of Tertiary units in the Nandewar study area.
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3.8.2 Barrington Volcanic Province (informal)

Tertiary basalts outcropping in the southern portion of the Nandewar study area, northeast of
Murrurundi, are tentatively placed within the Barrington Volcanic Province of Sutherland and
Fanning (2001), on the basis of field relations and K-Ar dating. The Barrington Volcanic
Province is dominated by an alkaline succession of basaltic flows derived from the Barrington
and Mt. Royal volcanoes, and possibly includes the older Square Top intrusion (59 Ma), west of
Nundle (Wellman and McDougall, 1974; Scheibner and Basden, 1998). Basalts within the
Nandewar study area that outcrop between the Square Top intrusion and the Mt. Royal Volcano
have been dated at 43 Ma and 53 Ma (Wellman and McDougall, 1974) and are therefore
included within the Barrington Volcanic Province. It should be noted that similar petrography
and age between the Barrington Volcanic Province and the nearby Walcha Province precludes
definite identification of these volcanic rocks of which little petrography is reported. Wellman
and McDougall (1974) constrain the age of the Barrington Volcano, based on 15 K-Ar dates,
between 55-43 Ma. Sutherland and Fanning (2001) report successively younger ages of gem-
bearing eruptions at 57, 43, 38, 28 and 4-5 Ma by zircon fission track dating methods. There are
no recent geophysical surveys over this area to further aid identification of these Tertiary
volcanic rocks.

3.8.3 Liverpool Range Volcanics

The Liverpool Range Volcanics crop out along the western boundary in the southern portion of
the Nandewar study area, south of Murrurundi. Wellman and McDougall (1974) describe the
Liverpool Volcano as highly dissected with a present-day thickness of 850 metres. K-Ar dating
has led to the separation of the Liverpool Range Volcanics into a late Eocene (38-40 Ma)
Eastern volcanic division and an early Oligocene (32-35 Ma) Western division (Schon, 1985).
In the Nandewar study area, only rocks of the eastern volcanic division outcrop.

The Eastern volcanic division forms a highly dissected spine less than 400 metres wide and
comprises an alkalic undersaturated series of mafic to ultramafic rocks dominated by alkali
olivine basalts with rare hawaiites and mugearites (Schon, 1985). Two compositional suites are
recognised within the Liverpool Range Volcanics, a nepheline-normative and hypersthene-
normative suite, but only the nepheline-normative compositions occur in Nandewar.
Composition ranges from up to 17% normative nepheline in basanites to less than 5% nepheline
in the more common alkali olivine basalts. Thick flows of columnar jointed basalt are quite
common in the eastern volcanic division of the Liverpool Range Volcanics (Photograph 3-EE).

3.8.4 Central Province (informal)

Introduction

Northern portions of the Nandewar study area are dominated geologically by Tertiary basalts
and associated volcaniclastics of the Central Province. Radiometric and magnetic imagery has

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR 95



enabled the recognition and clear delineation of two suites of rocks; an older Oligocene-Eocene
alkaline association related to the Maybole volcanic centre, and a Miocene aged lava field
association of tholeiitic basalts. Previous workers have identified and mapped these
associations, for example Coenraads (1991). Recent geophysical surveys conducted by the
Department of Mineral Resources have confirmed the validity of this mapping using magnetic
and radiometric data. The alkaline association has been well documented, due to the spatial and
genetic connection to sapphire occurrence (Oakes et al., 1996; Sutherland et al., 1993; Barron,
1987; T.J. & P.V. Nunan Pty Ltd 1992; Pecover and Coenraads, 1989). Similarly, the tholeiitic
association has been studied, due in part to spatial relationships of these basalts to diamond
occurrence as deep leads in the Copeton and Bingara districts (Davies ef al., 2002).

Photograph 3-EE. Columnar jo;'nted basalt in the Liverpool Range Volcanics,
New England Highway, north of Murrurundi. GR 290070 6487830.

Central Province Alkaline association

Basalts

The alkaline association is centred on the Maybole volcano where distribution reflects the radial
drainage from the volcanic edifice. Basaltic rocks commonly form linear ridges in the higher

country. The alkaline association outcrops over a wide area covering extensive parts of the Glen
Innes 1:100 000 and eastern portions of the Inverell 1:100 000 map sheets, obscuring in part the
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New England Fold Belt and Mesozoic basin sediments. The alkaline association also includes
minor felsic members including phonolite. Potassium-Argon dating has revealed ages between
32.3+0.2 Ma (Smith, 1988; quoted in Coenraads, 1991) to 37+1.5 Ma (Hollis and Sutherland,
1985; quoted in Coenraads, 1991).

The alkaline association produces a dark red/brown radiometric signature, indicating low
overall response typical of basalts, but with significantly more K than Th and U (Fig. 3-CC).
The radiometric responses are complicated by cover sequences (Tertiary and Quaternary) and
deep weathering that has produced a more Th/U-rich signature. The effects of in-situ
weathering (regolith) development and alluvial/colluvial cover can clearly be seen in the Kings
Plains district in the radiometric image where both processes obscure the dark red basaltic
material by light blue/green material. In many cases weathering and alluvium/colluvium are
difficult to distinguish; further to this, Tertiary volcaniclastics and sediments derived from these
rocks are difficult to distinguish using radiometric imagery, both producing a dark green
response due to Th being more dominant than the K and U in these rocks.

Tholentse Tertiary basalt |
W Cenfral Provincs 1

Alkaline Tediary basalt | 4
Central Provinca b

e L v
Figure 3-CC. Contrasting radiometric responses of Tert/ary alkaline and tholeiitic basalts in the Inverell d/str/ct

Volcaniclastic rocks

The alkaline association comprises a sequence of lavas, volcaniclastic rocks (including breccias
and tuffs), and sediments derived from the volcanic material. Pecover and Coenraads (1989)
postulated several episodes of volcanic eruption followed by erosion and deposition of
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Photograph 3-FF.

volcanic-dominated material in a fluvio-lacustrine environment, producing Tertiary gravels, and
concentrating sapphires derived from the volcaniclastic material.

Tertiary volcaniclastic rocks are volumetrically minor, outcropping poorly throughout the study
area and forming subdued subcrop that produces dark, brick red soils and rarely forms
sequences thicker than five metres (Brown and Pecover, 1988a, 1988b). Preservation of
volcaniclastic textures is generally poor, though lithic fragments may be readily identified

(Photograph 3-FF). The matrix comprises silt to clay sized, strongly ferruginous, clay altered
lithic detritus.

r = - ¥ Tl

Ferruginous Tertiary volcaniclastic rock. GR 319360 6726340.

Brown and Pecover (1988a) identified two distinct varieties of volcaniclastic rock within the
alkaline association; a red lithic volcaniclastic at the base of the volcanic pile, and a white,
largely epiclastic volcanogenic rock at, or tens of metres above, the base of the volcanic pile.
Barron (1987) identified and classified the alkaline volcaniclastic rocks according to colour (red
or white), abundance and type of lithic fragments, and degree of contamination with the
basement geology (predominantly Texas beds). He grouped the lithic components as belonging
to five “suites”, namely basaltic, rhyolitic, granitic, sedimentary and metasedimentary, and
organic.

Central Province Tholeiite association

The tholeiitic lava field association is prevalent west of Inverell, forming broad flat plains
dotted with small plug-like structures, for example Gragin Peak, northwest of Delungra. There
is no obvious central edifice from which these rocks erupted, and they are therefore interpreted
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as the products of small vent structures and/or fissure eruptions (Duggan, 1972). The tholeiitic
rocks produce a black, mottled radiometric signature that stretches west and north, obscuring in
part the New England Fold Belt, Warialda Trough sediments and Surat Basin sediments.

Tholeiitic rocks are clearly distinguished from the older alkaline rocks to the east by their
radiometric and magnetic signatures. The tholeiitic rocks produce a black signature in
radiometric imagery, reflecting lower K abundance than the alkaline rocks. Weathering and/or
cover, producing extensive mottling of the radiometric signature commonly obscure the
tholeiitic rocks. This effect is amplified by poor outcrop (Photograph 3-GG), corresponding to
land that is extensively cropped, pasture improved or cleared for livestock. Tholeiitic
volcaniclastic rocks produce a dark green signature due to the Th concentration being higher
relative to K and U, similar to their alkaline counterparts. This makes it difficult to distinguish
radiometrically from colluvium. In both associations volcaniclastic rocks outcrop poorly and are
commonly deeply weathered and ferruginised (Stroud, 1990).

i

ry basalt of th Ctral

s

Province. GR 291200 6711630.

Photograph 3-GG. Typical low lying outcrop of Tertia

Geochemistry

During the geological upgrade process using GIS and new geophysical data, two distinct suites
of Tertiary basalt in the Central Province were recognised on the basis of radiometric and
magnetic data. These suites were correlated to the eastern, older Oligocene-Eocene alkaline
association and the western, younger Miocene tholeiitic association. Coenraads (1991) indicated
the approximate boundary between these suites as being the north-south oriented Gwydir River,
north of Inverell. This boundary is confirmed by geophysical data.

NSW WESTERN REGIONAL ASSESSMENTS - NANDEWAR 99



The integrated use of geophysics with new geochemical data has significantly improved the
geological mapping of these associations. A number of basalts were sampled to test the
relationship between the radiometric response and chemistry, comprising 23 samples from the
Central Province and six samples from a location west of Bingara. Sample locations are shown
in Figure 3-DD, and descriptions and geochemical analyses are provided in Appendix 2 and 3.
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Figure 3-DD. Radiometric image éhowing sample locations for basalt geochemical énalysis in the Inverell district.

Volcanic rocks are broadly separated into two groups on the basis of their chemistry; namely
alkali and sub-alkali. Sub-alkali rocks are further separated into high aluminium calc-alkali and
low potassium tholeiite rocks, of which only the latter occur in the Central Province. The major
difference between these basalts is expressed by the chemical composition (Figure 3-EE).
Alkali and tholeiitic rocks are commonly formed in different tectonic settings by melting of
different portions of the upper mantle by numerous geological processes. These rocks are
derived from different melting events and have different sources. The alkali rocks in the Cental
Province are genetically related to sapphire occurrence, so the accurate spatial distribution of
these rocks is essential to sapphire explorers.

The geochemical plots of Figure 3-EE show the different basalt groups sampled as part of this
study. The samples have been separated on the basis of their radiometric signature. An
exception is the Bingara samples, which have been separated on a geographical basis. The red
dots represent those samples that produce a dark red radiometric signature, the black diamonds
represent basalts that produce the very dark radiometric signature. A further suite of basalts has
been identified by radiometrics and is characterised by a bright blue response. These samples
are treated separately and uniformly called “blue” basalts. The “blue” basalts plot in fields that
overlap the alkali rocks, clearly indicating this chemical affiliation. It can be shown from the
plots that these basalts can be consistently and clearly differentiated on the basis of radiometric
signature.
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Figure 3-EE. Geochemical plots of the Central Province basalts and basalts west of Bingara.

Diagram A indicates extreme enrichment of Nb and Zr (incompatible elements) that is typical of alkali
basalts. Diagrams B and C clearly discriminate the tholeiitic and alkali suites and confirm the alkaline

affinity of the "blue” basalts. The Bingara samples have representatives of both suites.
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3.8.5

The Bingara basalt samples are not included in the Central Province, and the purple triangles
that represent them have both tholeiitic and alkaline geochemical affinities that fall along the
same trends as the Central Province basalts, indicating a similar source.

Nandewar Volcanic Province

The Nandewar volcano and associated products are situated in the extreme central west of the
Nandewar study area, forming a northwest trending elongate belt covering an area of 50 by 30
kilometres, the majority of which is included within the study area. The Nandewar complex
comprises 800 metres of thickness of preserved volcanic material and contains two main
eruptive centres, the Killarney Gap volcano (20-21 Ma) and the Mount Kaputar volcano (16-18
Ma). The Killarney Gap volcano is composed mostly of rhyolite plugs and flows whilst the
Mount Kaputar volcano is composed of more mafic rocks (Pratt, 1998; quoted in Barnes et al.,
2002). Central portions of the volcano comprise alkali rhyolite and minor trachyte plugs and
domes dated at 20.5 Ma (Wellman and McDougall, 1974) whilst lavas display a range in
composition that includes hawaiite, trachyandesite, tristanite to trachyte and comendite (Stolz,
1985). These lavas have dates of eruption between 18.0-17.2 Ma (Wellman and McDougall,
1974). Ewart (1985) postulated that crystal-liquid fractionation and convective fractionation
processes controlled the evolution of the Nandewar complex, and Stolz (1985) concluded that
differential partial melting of the source and liquid-state differentiation processes were also
important in producing the rock types present in the area.

3.8.6 Unassigned Tertiary volcanics

3.8.7

Unassigned Tertiary volcanics are scattered throughout the Nandewar Bioregion and include
small outcropping areas that are spatially remote to, or have not been assigned to any of the
above mentioned associations. Most importantly this includes tholeiites and minor alkaline
rocks west of Bingara (Photograph 3-HH), tholeiitic rocks immediately west of Barraba dated at
14.9 Ma (Wellman and McDougall, 1974) and tholeiitic rocks east of Upper Bingara.

Tertiary sediments

Tertiary sediments in the Nandewar study area comprise a variety of lithologies and
associations. Many are well preserved underneath basaltic flows, where they form deep leads or
interflow units. Less commonly, Tertiary sediments are mapped in areas of little Tertiary
volcanism, for example Photograph 3-II. Sediments commonly consist of sand, gravel, silt, clay,
diatomite, and crystal tuff; variably lithified, with detritus that includes quartz, chert, jasper and
other locally derived lithologies. Within sediments at the base of volcanic piles, deep lead
sediments may contain gold, tin, diamonds, sapphires and zircon (Brown et al., 1992). Silcrete,
or ‘Grey Billy’, is a common Tertiary sediment on the Bingara and Inverell 1:100 000 maps
where it forms prominent, massive, siliceous outcrop commonly marginal to extensive areas of
basaltic material.
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Diamond-bearing deep lead sediments west of Bingara and in the Copeton area consist of

unconsolidated gravels and sands with diamonds; derivation is interpreted from different
sources (MacNevin, 1972). The relationship between the Bingara and Copeton deep leads is
unclear, as are the relative ages of these leads (Stroud, 1990).

f Bingara. GR 2

Photograph 3-HH. Columnar jomtd basalt west o 57260 6688990.
Tertiary gravels proximal to the Gwydir River on the Bingara 1:100 000 map sheet are
interpreted to be the sedimentation products of the juvenile river system (Stroud, 1990). These
sediments are prominent as low lying, rounded hills up to 500 metres away from the current
river system (Photograph 3-JJ). Tertiary gravels are also prominent in an extensive area south of
Upper Bingara, developed upon the Bobs Creek Formation and in close spatial association with,
in part, Tertiary basalts. These gravels are matrix-supported, partially to well consolidated and
contain sub-rounded clasts of quartz, jasper, argillite, minor basalt and rare wood fragments.
The matrix is silt to sand sized, poorly sorted and is commonly white in colour.
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Photograph 3 II Ten‘/ary gravels unconformably overlying Noumea beds. GR 23381 Off;" 736240.

Photograph 3-JJ. Flat-topped, low-lying hill of partially consolidated pebble conglomerate, about 500 metres
from the current Gwydir River. GR 250570 6707160.
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3.9 QUATERNARY

QUATERNARY

Include gravels, sand and silt that have been deposited along major flood plains of significant drainage systems in the
Nandewar study area;

Can be delineated along major drainage systems such as the Gwydir and Peel river systems with the use of radiometric
imagery;

Occupy only a small proportion of outcrop area as valley-fill and river terrace material.

Gravels, sand, silt and clay have been deposited along and in the flood plains of most of the
major and minor rivers and streams of the Nandewar study area. The Nandewar study area
comprises the Namoi, Hunter, Gwydir and Macintrye rivers catchment areas and valley fill
alluvium and scree (Photograph 3-KK) with associated alluvial terraces (Photograph 3-LL) are
the dominant Quaternary systems in the study area.

For the Quaternary sediments of the Nandewar study area, the morphostratigraphic grouping
proposed by Grimes (1984) has been broadly adopted. In this system, the morphological types
are grouped according to broad depositional systems and these groups are further subdivided
into individual features with a distinctive morphology. The features are also grouped by relative
age whenever possible, as well as radiometric signature, a valuable reflection of the provenance
of the sediments. The system of nomenclature adopted for the Quaternary in this study, is the
same as that used in the Brigalow Belt South Bioregion Assessment (Barnes et al., 2002). This
publication should be referred to for more information.

A significant finding from this study is the delineation of alluvial terraces on the Peel and
Gwydir river systems by the use of radiometrics. For the Gwydir River system, bedrock in the
Gravesend to Bingara area is comprised mostly of intermediate volcanic and volcaniclastic
rocks of the Tamworth Belt that have moderate to high potassium, low thorium and low
uranium radiometric responses (See section 3.3.7 of this volume). The alluvial terraces that
overlie bedrock in this area have low potassium, moderate thorium and low uranium
radiometric responses. Figure 3-FF shows an example of this change in radiometric response.
Similarly, the Peel River system shows the same radiometric relationships between bedrock and
alluvial terraces (that is moderate potassium, low thorium and low uranium for bedrock and low
potassium, moderate thorium and low uranium for alluvial terraces). There are, however, some
alluvial terraces near the Peel River that have a distinctly different radiometric response (that is
moderate to high potassium, moderate to high thorium and moderate to high uranium). These
terraces consist of granite clasts and occur near Keepit Dam.
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Photograph 3-LL. Roadcut showing alluvial terrace material overlying the Tamworth Belt near
Somerton. GR 269510 6574490.
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3.10 STRUCTURE

3.10.1 Introduction

Folding, faulting and metamorphism disrupts the sedimentary and igneous rocks within the
Nandewar study area. Many episodes of deformation have been observed from the Ordovician
through to the Tertiary. The major deformations are in response to the accretion of the New
England Fold Belt onto Gondwanaland. A diagram showing the distribution of mapped faults
with respect to the major geological systems in the study area can be observed in Figure 3-GG.
Figure 3-HH is a schematic cross-section of the Nandewar study area showing the relationship
of structures.

3.10.2 Central Block

Sediments of the Central Block to the east of the Peel Fault are interpreted as an accretionary
subduction complex. These sediments formed part of a deep marine sequence that collided with
the eastern margin of Gondwana in the Early Permian to Late Triassic (Hunter-Bowen
Orogeny). As a result of this collision, the western most sedimentary rocks, the Woolomin
Group, underwent intense deformation that produced multiple generations of tight folding and
cleavage development (Photograph 3-MM). These sediments were metamorphosed to low to
medium grade greenschist facies, in response to the accretionary event. To the east,
deformation and metamorphic grade decreases away from the Peel Fault, though moderate
deformation within the most easterly Texas and Sandon beds is extensively reported. Minor
folding and low to medium grade contact metamorphic effects have been recorded in sediments
of the Central Block in response to intrusion of Permian to Triassic granitoids of the New
England Batholith. An angular unconformity can be observed between the Early Permian
marine sequences and the Silurian to Early Carboniferous terranes.

This unconformity represents a deformation event in the Late Carboniferous to Early Permian
consistent with the Kanimblan Orogeny.

3.10.3 Tamworth Belt

The Tamworth Belt represents the western-most portion of the New England Fold Belt. These
rocks are interpreted as forming in an intra-oceanic island arc and foreland arc setting
(Aitchison et al 1999) and are Middle Cambrian to Early Permian in age. Rocks of the
Tamworth Belt have experienced weak to moderate deformation in response to collision and
accretion to the eastern margin of Gondwana, and later accretion of the Central Block in the
latest Devonian and Late Permian to Early Triassic, respectively.
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Tamworth Belt sediments are deformed into a series of asymmetrical north-northwest oriented
gentle folds that include the Rocky Creek Syncline, Klori Anticline, Appleby Syncline, Manilla
Syncline and Yarramanbully Anticline. The Rocky Creek Syncline is the western most of these
folds and extends for over 120 kilometres, from south of Keepit Dam to approximately 15
kilometres south of Gravesend.

Major north-northwest oriented thrusts and faults form an anastomosing fault set that disrupts
the Tamworth Belt stratigraphy and causes local truncation of the sequence. These faults
include the Kelvin, Namoi, Campo-Santo and Cobbadah faults that formed in response to major
east-west compression associated with subduction. The Kelvin Fault places Devonian over
Carboniferous sediments in the west, similarly the Cobbadah Fault places Devonian over
Carboniferous sediments in the east. These structures are largely interpreted as being
compressional (Glen and Brown, 1993). The Campo-Santo Thrust juxtaposes Carboniferous
and Devonian sequences of the Parry Group in the northern portions of the Tamworth Belt.
Intensity in deformation within the Tamworth Belt increases eastwards towards the Peel Fault
system. In the west, folds are open and cleavage, where developed, is weak and NW trending.
Glen and Brown (1993) postulated that this cleavage developed in response to post-thrust
shortening. In contrast to this, sediments of the Parry Group east of the Namoi Fault are more
intensely deformed. Chevron folds and two well developed subvertical cleavages trending
northwest and northeast are defined, the latter interpreted as the result of strike-slip movement
along the Peel Fault (Glen and Brown, 1993).

Two way Travel time (s)

10

15

Boggabri Mooki Kelvin Baldwin Namol  peel Fault
uit

Ridge Fault Lot 4 Fault New England Batholith

Figure 3-HH. Schematic cross-section of the Nandewar study area interpreted from seismic survey (BMR91.GO1)
from Boggabri (west) to Manilla (east), after Korsch et al (1999).

3.10.4 Permo-Triassic Basins

The most significant deformation episode to affect the Permo-Triassic Basins is the Hunter-
Bowen Orogeny during collision of the New England Fold Belt with Gondwanaland during the
Late Permian and Early Triassic. Structure in the Werrie Basin is manifest as two sets regional
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synclines and anticlines. These two sets of synclines are approximately at right angles and
combine to form domes (for example the Quirindi Dome) and basins. The best example of
large-scale folding is the Werrie Syncline, which extends from Murrurundi in the south to near
Carrol in the north. An open- to closed-anticline occurs to the immediate east of the Hunter-
Mooki Thrust. In this area subvertical dips can be observed, indicating strong deformation in
the hanging wall of the thrust. The best exposures of these steep dips are along Borambil Creek
and at the Willow Tree Tip. A comprehensive study of structure in the Werrie Basin was
undertaken by Carey (1934).

Deformation of the Sydney-Bowen Basin is most intense near the Hunter-Mooki Thrust.
Manifestations of this deformation are subvertical dips of the Maules Creek Formation,
Porcupine Formation and Werrie Basalt in the area beneath the Nandewar Ranges. An angular
unconformity between the Permian and Triassic rocks of the Sydney-Bowen Basin can be
observed at the Willow Tree Tip, and in the area beneath the Nandewar Ranges. This angular
unconformity can be attributed to the Hunter-Bowen Orogeny. This contact between the
Permian and Triassic becomes conformable to the west towards the centre of the basin.

The sedimentary rocks of the Warialda Trough were deposited after the Hunter-Bowen Orogeny
and therefore, do not show the same deformation as the Sydney-Bowen and Werrie Basins.

w®

Photograph 3-MM. Deformed Woolomin Group metasediments from near Dungowan GR 311200 67553320.

3.10.5 Surat Basin

Deformation within the Surat Basin is manifest as minor faulting and gentle warping. This
occurred in the Middle Cretaceous during the closing of sedimentation of the Surat Basin. Near
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Warialda, the deformation is manifest as gently dipping Walloon Coal Measures and Pilliga
Sandstone. Cross-sections showing the deformation of the in the northern Nandewar study area
can be found in Bourke (1980).

3.10.6 Tertiary Units

Minor reactivation of older faults occurred during the Tertiary. An example of this is the
Murrurundi Fault near Ardglen, where Tertiary Basalts of the Liverpool Range Volcanics are
faulted against the Carboniferous Currabubula Formation (Photograph 3-NN).

A

Photograph -NN. Terti slt (rigt)fauted agalns bOIferos Currabubula Formation (left). Photo
taken along the trace of the Murrurundi Fault near Murrurundi GR 290800 6486130.
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APPENDIX 5: METADATA STATEMENTS FOR THE GEOLOGICAL
DATASETS PREPARED FOR THIS PROJECT

METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION
DATASET Title Fossickers Way and subset Nandewar geological
coverage of the Nandewar Western regional
Assessment study area including the Nandewar
Bioregion in NSW at 1:100 000 scale equivalent
comprising the area covered by parts of the SH/56-
1,GOONDIWINDI; SH/56-2,WARWICK; SH/56-6,
GRAFTON; SH/56-5, INVERELL; SH/56-9,
MANILLA; SH/55-12 NARRABRI; SH/56-13,
TAMWORTH 1:250 000 sheets.
Custodian NSW Department of Mineral Resources, Geological
Survey of New South Wales
Jurisdiction New South Wales, Australia
WRA Project Name Nandewar Geology Integration and Upgrade
WRA Project Number NANDO04
CONTACT ADDRESS Contact organisation NSW Department of Mineral Resources

Geological Survey of New South Wales
Minerals Assessment Program

Strategic Assessments sub-program

Contact position

Robert G Barnes, Senior Geologist

Ken McDonald, Land Information Officer

Mail Address 1 PO Box 65
Mail Address 2
Suburb/Place/Locality Armidale
State/Locality 2 NSW
Country Australia
Postcode 2350
Telephone 02 6776 0318
Facsimile 02 6776 0399

Electronic mail address

ken.mcdonald@minerals.nsw.gov.au

rob.barnes@minerals.nsw.gov.au
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METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION

DESCRIPTION Abstract A geological coverage has been created for the
Nandewar Western Regional Assessment study
area including the Nandewar Bioregion.

A continuous topologically structured geological
coverage was created in Arc/Info for the Nandewar
WRA study area comprising parts of the covered by
parts of the SH/56-1 GOONDIWINDI; SH/56-2,
WARWICK; SH/56-6, GRAFTON; SH/56-5,
INVERELL; SH/56-9, MANILLA; SH/55-12,
NARRABRI; SH/56-13, TAMWORTH 1:250 000
sheet areas.

The data contained in this coverage has been
sourced from data compiled by the Geological
Survey of New South Wales, NSW Department of
Mineral Resources (DMR).

This coverage has been compiled using a process
of on-screen digitisation during interpretation of
remotely sensed data and landform images, in
combination with digital vector datasets captured
from published and unpublished hard copy maps.

The geology is presented as attributed polygons
and arcs of geological units, boundaries and faults
at 1:100 000 to 1:250 000 scale equivalent.

Search Word Geoscience, geology, faults, lithology, stratigraphy
Geographic Extent Nandewar Western Regional Assessment study
area as defined from a file supplied by RACD for
Name(s) RACAC.
Geographic Extent NOTE: The dataset is in MGA 56 coordinates on
GDA 94 including those parts of the dataset in Zone
Polygon(s) 55. The data will be projected to AMG56

coordinates on AGD 66 for release for use by other
agencies for the Nandewar Western Regional

Assessment.

Type of feature Polygons and arcs of mapped geology unit
boundaries and vectors of faults derived from the
dataset.

Attribute/Field List See next field.

Attribute/Field Description
AREA Arclnfo information
PERIMETER Arclinfo information
Xxx#Arclnfo information

LTR_SYM Xxx —ID ArclInfo information
LTR_SYM —Geological letter symbol

This is the key field used to link polygons in the
coverage to attribute tables and can be used as
labels for the mapped units.

There are three additional fields for mapped unit
symbols, derived from the LTR-SYM field when this
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METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION

symbol includes more that one rock type (for
example, a Quaternary unit overlying another unit).

The link to a separate table of the geological units
can be made using surficial or bedrock1 fields. It is
recommended that the link be made using surficial
for modelling using rock exposures and bedrock for
a continuous geological coverage with surface
cover ignored.

The link to unit attributes provides information on:
SURFACE SURFACE

QUAL_A - Qualifier such as “?” being where the
units identification is uncertain.

REL_A — Relationship- For example “/” where one
unit overlies another unit or “+” (plus) where a
mapped unit is made of two units

BEDROCK - used as a link for continuous
geological coverage

QUAL_B Qualifier B
REL_B Relationship B

BEDROCK_B

LGD_ORD LGD_ORD - Legend Order (equivalent to the order

which would be used on the legend of a geological
map). This field allows the mapped units in the
attribute table to be ordered as if they were in a
legend on a geological map. Usually the units are
ordered by age but units may be grouped for some
other geological reason

svs SYS - Short code for groups of units, which is
concatenated with LTR_SYM to form SYM_SYS.
SYM_SYS '{L’rheif1 Sensures no duplication of symbols across large

STATUS STATUS — The currency this dataset.

GEOLPROV GEOLPROV - A broad classification of units into

general geological provinces

GEOLSYS1 GEOLSYS1 — Geological System 1. Thisis a
generalised classification of units to allow simplified
geological maps to be generated. This and
GEOSYS2 have no specific standing and are open
for re-interpretation by others

GeSysOrd1 GESYSORD1 - The legend order for the
Geological System 1 field

GEOLSYS2 — A more detailed breakup of units into

GEOLSYS2 geological systems

GeSysOrd2 GESYSORD2 — The legend order for the
Geological System 2 field

EQUIVALENCE .EQUIVALENCE.— This field is useq tq c[assify units
into broadly equivalent levels and is similar to
Geological Systems. This assists in regional
syntheses of mapped units

ALLSTRAT

ALLSTRAT — Stratigraphic Names field: This field
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SUPERGRP, GRPSUITE,
SUBGRP, FRMPLUTON,
MEMBER

LITHDESC

DOMLITH

LITH_COGENT
THICKNESS
DEP_ENV

OLDAGEMR, YNGAGEMR,
ERA_OLD, PERIOD_OLD,
EPOCH_OLD, AGEAB_OLD,
ERA_YNG, PERIOD_YNG,
EPOCH_YNG, AGEAB_YNG

AGECONTROL
BATHNOGRANSUIT
FRACTN
RAD_RESPONSE

MAJOR_REFS

COMMENTS

Includes information on the name of the unit using
the structure of Supergroup/Group or
Suite/Subgroup/Formation or Pluton/Member or
unit. These fields have been concatenated to allow
for general enquires to be made when the
stratigraphic heirachy of a unit in question is not
known. The stratigraphic order can be determined
by the position of the name in the field

LITHDESC - Lithological description. This is
equivalent to the descriptive information on the face
of a geological map. It describes the separate
lithologies (rock types) and may include
information, which allows the particular unit to be
identified.

DOMLITH — This is a single generalised rock type
for each unit.

LITH_COGENT - not yet completed
THICKNESS - not yet completed

DEP_ENV - Depositional environment

OLDAGEMR YNGAGEMR ERA_OLD
PERIOD OLD  EPOCH_OLD
AGEAB OLD  ERA_YNG
PERIOD_YNG EPOCH_YNG
AGEAB_YNG  AGECONTROL

These are all age parameters (Era, Period, and
Epoch) and are used because many geological
units span an age range. The _old fields refer to the
Era, Period and Epoch and age ABSOLUTE age of
the units oldest age. Similarly the _yng age fields
refer to the youngest age of the unit.

AGECONTROL - Not yet completed.

BATHNOGRANSUIT FRACTN

These fields are reserved for granite units and are
not complete in this dataset

RAD_RESPONSE - This is used for Quaternary
units to describe the range of responses seen in
ternary radiometric images which show potassium,
thorium and uranium responses.

MAJOR_REFS- References to descriptions of units
(this field is incomplete for many units)

COMMENTS - This field has been used for a small
number of units where some further clarification is
needed

The coverage contains lines, which are coded for
geological attributes such as approximate
geological boundary, faults etc. Types of
boundaries are listed in the arc table and are
included as arc attributes.

Scale/Resolution 1:100 000
DATASET CURRENCY Beginning date 2002.
Ending date December 2003.
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DATASET STATUS Progress Completed WRA NANDO4 project Nandewar
Geology Integration and Upgrade
Maintenance and update  |This coverage will form a starting point for future
frequency geology data upgrades in the area.
DATASET ENVIRONMENT Software Arclinfo, ArcView
Computer Operating System |Windows 98SE, Windows NT, Windows 2000,
Windows XP, UNIX
Dataset Size 28Mb Arcinfo Coverage, 36Mb Arcinfo Export file
ACCESS Stored Data Format ArcView shape files and/or Arcinfo coverage
Available format types ArcView shape files. Arcinfo Export file
Access constraints Available upon licensing with DMR. Please do not
distribute this dataset — refer requests for copies to
the Department of Mineral Resources. This will
ensure that the best available information is
distributed
DATA QUALITY Lineage A continuous topologically structured geological

coverage was created in Arc/Info for Nandewar
WRA study area. The data contained in this
coverage has been sourced from data compiled by
the Geological Survey, NSW Department of Mineral
Resources (DMR)

The mapping derives from a very large heritage of
existing geological maps and reports, both
published and unpublished. The major source
documents are recorded in a separate spatial index
coverage

This coverage has been compiled using a process
of digitisation on screen during interpretation of
remotely sensed data and landform images, in
combination with digital vector datasets captured
from published and unpublished hard copy maps

Positional accuracy

Appropriate scale, spatial accuracy, level of
interpretation

The geological coverage was created at 1:100 000
scale equivalent but includes area derived from
1:250 000 scale mapping

The data are appropriate for use at medium to
small scale, (scales of approximately 1:100,000 to
1:500 000). The data should not be used for
interpretations at scales greater than 1:100 000.

Geological boundaries and features shown in the
coverage are appropriate to 1:100 000 scale
interpretation. Most boundaries can be considered
to have a spatial accuracy of between 50 and 500m
with the majority of boundaries being located with
accuracy in the 50m to 250m range. For many
geological contacts, it is impossible to effectively
map contacts with more accuracy. This is because
many geological boundaries are themselves
gradational, and many are poorly exposed or not
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exposed. Most geological maps are created by
interpolations between a limited number of actual
ground observations. Interpolation may be assisted
by reference to airphotos, topographic maps,
geophysical data, digital terrain models, satellite
imagery, soil types etc. Some of these are a
function of poor base maps in older sources and
some are from varying geological interpretations.
Users are advised to compare information to more
precisely referenced datasets such as DTM and
Landsat imagery in these instances.

The spatial accuracy of boundaries is a different
parameter to geological reliability. Geological
reliability is a term which generally reflects the
confidence which could be assigned to the mapped
versus actual geology at a given point. Parts of the
map coverage include extremely rugged and
remote areas, where there has been little detailed
geological mapping. As a result, most of the
coverage could be considered to have a moderate
to good geological reliability. It would be a
reasonable estimate that for 90% or more of the
area of the coverage, the actual unit present will
correspond to that shown on the geological map.

The representation of spatial accuracy on
geological maps is generally indicated by the line
style used to show a geological boundary. For
example, accurate geological boundaries are
shown as a solid line, and approximate geological
boundaries are shown as dashed lines (see arc
attributes where the boundary type is fully
described).

Attribute accuracy Descriptive geological data

One of the major tasks in producing the geological
coverage was to provide a textual database
containing a description and classification of each
of the mapped geological units.

On a standard geological map, information about
geological units is portrayed on the geological
legend. In addition to explicit descriptive information
about each unit, information about the grouping and
age relationships between units is generally
portrayed graphically. Each unit on a geological
map is given a letter symbol. The letter symbol itself
provides some information about the age, name
and lithology of the units.

Each geological unit polygon was tagged with a
letter symbol code to be used as a link to the rock
unit description.

The rock unit description data were compiled in a
PC database and transferred to an INFO table
linked by letter symbol code to the geological
coverage polygons.

Much of this coverage depended upon the
interpretation of units from remote-sensed data. As
a result, further fieldwork will, almost certainly,
identify areas or inaccuracy in the mapping in
detail.
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Logical consistency

The geological dataset has been subject to
checking during the compilation and there should
be few logical consistency errors. However, the
compilation has not been subject to rigorous error
checking. Some minor errors such as mis-labelled
units may exist in the data.

Completeness

The level of completeness is described in other
fields above. However, the entire dataset was
prepared using similar criteria and should be
“complete” within the parameters used to undertake
the interpretation of units.

NOTES

This project was managed by R.G. Barnes, Senior
Geologist, Strategic Assessments sub program
1.05¢ and was partly funded by RACAC for the
Nandewar Western Regional Assessment.

Most of the ArcView interpretation of remote sense
and landform image data was undertaken by
Geologists Mark Dawson and Nancy Vickery with
smaller areas interpreted by Bob Brown, Harvey
Henley, Rob Barnes, Jeff Brownlow and Frances
Spiller.

The Arcinfo work was undertaken by Cartographer
Ken McDonald who drew the many ArcView
datasets together in Arcinfo to create polygon
topology and resolve any inconsistencies. Rob
Barnes, Mark Dawson and Nancy Vickery built the
mapped unit attribute table from data on published
maps and other sources and provided the
interpretation in the geological systems fields. Jeff
Brownlow provided interpretative assistance, as did
many others in the DMR.

Work was undertaken between late 2002 and
December 2003.

METADATA DATE

December 2003

METADATA COMPLETED BY

Robert G Barnes, Ken McDonald

FURTHER INFORMATION

For further information contact the Armidale
regional office, Department of Mineral Resources.

DATASET ENVIRONMENT

Name of System:

DMR GEOSCIENCE

Contact organisation

NSW Department of Mineral Resources

Contact position

Rob Barnes, Senior Geologist, Strategic
Assessments, or Ken McDonald, Land Information
Officer, Geological Survey of NSW; Manager
Geospatial Information, Geological Survey of NSW

Mail address PO Box 65
Suburb/place/locality Armidale
State NSW.
Country Australia
Postcode 2350
Telephone 02 6776 0318
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BIBLIOGRAPHIC
REFERENCE

Facsimile

02 6776 0399

Electronic mail address

rob.barnes@minerals.nsw.gov.au

Description ArcView / Arcinfo GIS
Availability Contact NSW Department of Mineral Resources for
geoscience information.
Minimum Hardware PC Pentium
Requirements
Minimum Software ArcView 3.2

Requirements

Input Format/Type

ArcView shape file, Arcinfo coverage

Output Format/Type

Various exchange formats available through ESRI
ArcView/ArclInfo

This datasets should be referred to as:

Dawson, M., Vickery, N., Barnes, R.G., and
McDonald, K., 2003. Compiled and interpreted
geological dataset of the Nandewar Western
regional Assessment area, northern NSW. Digital
dataset, Geological Survey of New South Wales,
NSW Department of Mineral Resources.
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PLAN 1
SIMPLIFIED GEOLOGY
OF THE
NANDEWAR STUDY AREA
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PLAN 2

QUATERMARY
TIME-SPACE DIAGRAM FOR THE NANDEWAR STUDY AREA
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