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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 Brigalow Belt South Bioregion, 
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 
data set for use in scientific and resource assessments and as natural heritage information.  

Methods 
The project was implemented in two phases: 
§ Phase One required the assembly and integration of immediately available digital 

geoscience mapping data across the bioregion. This allowed early release of existing 
information as a composite working data set. 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 data sets. 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 field reconnaissance was undertaken. Absolute age dates were determined for 
several samples collected during this project. 
 
A number of “break through” methods using new technologies were developed and 
applied during Phase Two. These methods significantly improved the speed and accuracy 
of new geological interpretations and enhanced integration with existing knowledge. 

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 
data sets allow many different types of data enquiry. A report describes the data produced 
and summarises the geology of the bioregion. 
 
The geology mapping upgrade project has resulted in: 
§ a significantly more detailed map of the surface geology of the bioregion 
§ identification of large areas as weathered Cretaceous rock sequences 



 

 xii 

§ Quaternary surficial deposits being classified into morphostratigraphic systems 
including alluvial, piedmont, colluvial and residual systems 

§ classification of the radiometric response of mapped surficial units 
§ correlation and simplification of names of widespread geological units 
§ an improved geological understanding for mineral potential analysis. 
 
The maps and data sets should be useful for many aspects of natural resource assessment 
and modelling, for improved geological understanding and for mineral potential studies. 
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1. INTRODUCTION 

1.1 BACKGROUND 

In 1999, the NSW Government initiated a regional assessment of western New South Wales co-
ordinated through the Resource and Conservation Assessment Council (RACAC). Funding for 
the various projects was provided by RACAC and the participating agencies. The purpose of the 
regional assessment 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 first area to be assessed, as part of the initiative, is 
the Brigalow Belt South Bioregion (BBSB) (See figure 2a). 
 
In October 1999, the Department of Mineral Resources (DMR) commenced the regional 
assessment of the BBSB.  Stage 1 focussed on the Pilliga and Goonoo State Forests and was 
completed in March 2000.  Stage 2 was a detailed regional study comprising two significant 
projects ie, a ‘Geology’ project (WRA19) and a ‘Mineral Potential’ project (WRA20) (See 
report “Mineral and Petroleum Resources and Potential”, Department of Mineral Resources, 
2002). The primary objective of the “Geology” project was to provide a series of geoscientific 
datasets on the surface geology to be used in subsequent scientific assessments, including, soil, 
flora, fauna and mineral assessment modelling.  
 
The Western Regional Assessment in western NSW requires modelling of many natural and 
economic parameters. At various times, mineral and petroleum deposits may have accumulated 
in particular geological settings. The knowledge of the geological settings in an area is built into 
geological data sets and can be then directly applied to mineral and petroleum exploration. 
 
Geological maps represent one of the most fundamental data sets which can be used for natural 
and economic resource studies in any area. Variations in the rock types 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 soils 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 which 
can be traced back hundreds if not thousands of millions of years. 
 
The surface geology of the BBSB had been mapped by the Geological Survey of New South 
Wales at 1:250 000 scale, for the most part during the 1960’s at a rapid reconnaissance standard. 
These data exist as hardcopy maps and digital geological coverages of individual 1:250 000 
sheet areas. In addition, limited areas were covered by more detailed mapping generally at 
1:100 000 scale. The digital data sets are themselves in 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. 
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Western Regional Assessments (WRAs) have required the re-evaluation of the existing data 
sets. Limitations of the existing data have been recognised along with the appreciation that 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. As a result, maps such as the first 
edition Narrabri and Moree 1:250 000 geology maps included large areas simply called 
Quaternary alluvials. 
 
As a result, the geological mapping integration and upgrade project was developed to synthesise 
existing data and improve the mapping, especially of surface 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 data sets such as satellite imagery (Landsat 7), radiometrics 

(measuring variations in the small amounts of natural radioactivity occurring in all in 
rocks), 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 
which allows rapid interpretation of geological units over large areas, and,  

§ the nature of the geology of the bioregion allows for regional interpretations to be made 
with confidence. 

 
Some of this work blurs the boundary with geomorphology, soils mapping and what is now 
termed regolith mapping. This project recognizes that much of the Australian landscape 
represents the product of extensive weathering and transport of surficial material. 
 
The result has been a new, integrated and internally consistent geological interpretation of the 
surficial geology of the BBS Bioregion. It could perhaps be more correctly called an 
interpretation and re-compilation of the geology covering the BBSB. 
 
The project reported here describes the geological integration and upgrade project for the 
BBSB. In the first instance, available and existing information was integrated into a single 
useable data set. It also describes in summary form, the geology of the bioregion. 
 
 

GEOLOGY IS A FUNDAMENTAL DATA SET 

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 nature 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 (such as coal and 
natural gas) might be found. 
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2. 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 that 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 air photos 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 there must be a boundary between the units somewhere. The 
location of this boundary might be interpreted to be some feature in the landscape such as an 
abrupt change in slope, or a change in vegetation. 
 
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: 
§ new data sets such as airborne geophysics, 
§ new software for viewing and interpreting information, 
§ computer systems which allow availability and sharing of a large range of existing data sets, 

and, 
§ a project environment which allowed for direct recording of interpreted boundaries from the 

supporting data sets. 
 
The methodology used for this project has been modified from standard regional mapping 
practice. Never-the-less, 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. Only a very small amount of field validation has been possible.  
 
However, for the Quaternary units which make up over forty percent of the mapped units at the 
surface, the use of new data sets has allowed the systematic identification and mapping of 
numerous new units. 
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2.2 PHASE ONE – INTEGRATING EXISTING DATA 

2.2.1  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 
generalized. Large areas are grouped together by similarities of lithology (rock type) or 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 this scale 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 which 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 
data sets 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 1968 and the most recent was 
published during the course of the project. 
 
To effectively use these data sets, each had to be standardised and then joined. A continuous 
topologically structured geological coverage was created in Arc/Info for the Brigalow Belt 
South Bioregion (BBSB) comprising parts of the Walgett SH/55-11, Nyngan SH/55-15, 
Narromine SI/55-3, St.George SH/55-4, Moree SH/55-8, Narrabri SH/55-12, Gilgandra SH/55-
16, Dubbo SI/55-4, Goondiwindi SH/56-1, Inverell SH/56-5, Manilla SH/56-9, Tamworth 
SH/56-13, and Singleton SI/56-1 1:250 000 sheet areas. 
 
Figure 2-a is an index to map sheet names. 
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Figure 2-a. Index to 1:100 000 and 1:250 000 map sheets in the BBSB. 
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2.2.2 Phase One data preparation 
 
The geology for Phase One was compiled from: 

• Published 1:250 000 scale geological maps of the Walgett, Nyngan, Narromine, Saint 
George, Moree, Narrabri, Gilgandra, and Dubbo sheets and part of the western 
Tamworth (1971) geology sheet and western parts of the Singleton (1969) sheet. 

• Geological information on Department of Mineral Resources published metallogenic 
maps for the Inverell, Manilla-Narrabri (east) and Tamworth- Hastings metallogenic 
1:250 000 (1987) and Dorrigo-Coffs Harbour metallogenic 1:250 000 (1992) maps. 

• Department of Mineral Resources, Gunnedah Coalfield (South) Regional Geology 
1:100 000 (1996) published map. This was a generalised, interpretative map which was 
used as a guide to the compilation of Tamworth and Murrurundi 1:100 000 map sheet 
area geology. (Note: A northern Gunnedah coalfields sheet recently published at 1:100 
000 scale was not been incorporated into this data set but was used during Stage Two 
interpretations. It can be obtained separately from the DMR). 

• DMR Hunter Coalfields map. The Singleton 1:250 000 map geology was used to fill in 
gaps in the Carboniferous geology in the area to the north between the Camberwell and 
the Hunter Coalfield Regional Geology 1:100 000 maps (north west of Camberwell 
1:100 000 map), and to fill in gaps to the south and west of the Hunter Coalfield 
Regional Geology 1:100 000 map (Singleton 1:250 000 sheet area). 

2.2.3 Phase One - digitising and data processing 
 
WALGETT: Data from several source files as supplied by the DMR to AGSO for map 
production (in Microstation) were combined with line data sets buffered at 25 metres and 
integrated with the existing polygon geology units. (Note: A number of sub-surface units occur 
as arcs in the coverage and were incorporated in topology but these have not been attributed 
with subsurface rock descriptions.) The resulting coverage was checked against the printed 
Walgett geology map (first edition 1996).  
NYNGAN: Data from several source files as supplied by the DMR to AGSO for map 
production (in Microstation) were combined with line data sets buffered at 25 metres and 
integrated with the existing polygon geology units, all arcs were coded. Sub-surface units were 
included for topology but could not be coded in the current data model. The resulting coverage 
was checked against the printed Nyngan geology 1:250 000 map (first edition 1996). 
NARROMINE: Data from several source files as supplied by the DMR to AGSO for map 
production (in Microstation) were combined with line data sets buffered at 25 m and integrated 
with the existing polygon geology units. All arcs were coded. Sub-surface units were included 
for topology but could not be coded in the current data model. The resulting coverage was 
checked against the printed Narromine geology 1:250 000 map (first edition 1996). 
ST GEORGE: Data for the Queensland portion of the map sheet was digitised in AutoCad 
from the AGSO 1971 edition 1 geological map, and combined with data from Informap 
converted to Arc Info format. A 572 metre gap between this and the Angledool data was noted. 
The resulting coverage was edited and attributed to create a complete 1:250 000 sheet coverage 
of geological units and a separate coverage of folds. All arcs were coded for DMRCODE 
lookup table values. 
MOREE: Data from digitising using Synercom Informap of the published map was converted 
to ArcInfo format and topology created. Attributes standardised and checked against printed 
Moree 1:250 000 geology map (first edition 1968). 
NARRABRI: Data from Synercom Informap digitising of the published map was converted to 
ArcInfo format and topology created by Cartography section. The data was combined from two 
sources namely the Narrabri 1:250 000 geology in the west and the Manilla-Narrabri 1:250 000 
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metallogenic map in the east. This resulted in conflicting letter symbols and disparities in the 
unit descriptions As a consequence there may be duplicate records and differing letter symbols 
for the same rock units in this area. Given the above not all attributes are standardised and they 
may not match those on the printed Narrabri 1:250 000 geology map (first edition 1968). 
GILGANDRA: Data from Informap was converted to ArcInfo format by Cartography. The 
data was then checked against the Gilgandra 1:250 000 Geology (first edition 1968) hard copy 
map, edited and attributes modified to match the data structure for the BBS database. 
DUBBO: Data from several source files as supplied by the DMR to AGSO for map production 
(in Microstation) were combined with line data sets (dykes) buffered at 25 metres and integrated 
with the existing polygon geology units. Some concealed boundaries which were originally 
captured from field compilation but not used when the map was compiled for publication were 
also added. The resulting coverage was checked against the Dubbo 1:250 000 geology hard 
copy map (second edition 1999) and attributes structured for BBS project (sub surface units 
were included for topology but could not be coded in the data model used). Note:- due to time 
restrictions and the density of line data not all arc codes were verified. 
UPPER NORTH WEST: The data set created for previous regional studies and includes parts 
of the Goondiwindi, Inverell, and Manilla 1:250 000 sheets. The data set was projected into 
AMG zone 55 coordinates and the Goondiwindi Monocline/fault was added after being 
digitised in AutoCad from the Goondiwindi geological map (AGSO 1971 edition 1). The 
resulting coverage was not checked against source documents. 
LOWER NORTH EAST: The data set created for previous Comprehensive Regional 
Assessment studies was projected into AMG zone 55 coordinates and the LNEN5GE (Lower 
Northeast North), LNES5GE (Lower North East South), TAMW4GE (Tamworth West), 
MURR4GE (Murrurundi) and GUTA5GE (Gunnedah – Tamworth) data were combined to 
form BBSSEGEOL0012. 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 office) was incorporated to 
update an area across the GUTA5GE – TAMW4GE map edge at Caroona. New data for the 
northern Gunnedah coalfields was not incorporated into the Phase One data set but was added 
during subsequent phases of the BBSB Geology Project. 
 
(The following applies to the LNE CRA data set and parts have application to the BBSB.) 
Wingham, Cowarral, Yarrowitch, Upper Manning were modified from arcs cut out of the 
Tamworth-Hasting 1:250 000 coverage which was derived from data captured with 
INFORMAP software translated as lines and points to ArcInfo then generated as a topologically 
structured coverage with coded arcs and letter symbols for geological mapped units. Kempsey, 
Camden Haven, Nundle, Ellerston, Tamworth and Murrurrundi were digitised from compiled 
1:100 000 sheets 
 
All 1:100 000 compilations were digitised with a tolerance of  0.1mm using Autocad by Ken 
McDonald before transfer and generation of a topologically structured coverage in Arc/Info. 
Arcs for Camberwell, Dungog, Buladelah, Hunter and Newcastle Coalfield Regional Geology 
1:100 000 map sheets and Sydney 1:250 000 map sheet were used as the basis for additions, 
corrections and integration of data for the composite Lower North East South region geology 
coverage. The coding on the arcs was mostly retained except where inaccuracies occurred. 
 
A compilation by Emeritus Professor John Roberts of specific rock units was digitised by Ken 
McDonald using Autocad. 
 
The published Sydney 1:250 000 geology map sheet, 1966 was digitised using ‘INFORMAP’. 
Ken McDonald converted the linework to arcs in ARCINFO and created polygon topology. 
Arcs were coded and polygons tagged with interim letter symbols. 
 
Some manual correction of arcs and polygons was necessary to produce the combined 
LNER5GE coverage from the different data sets. 
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2.2.4 Phase One – Attribution of mapped geological units 
 
In order to make a geological data set 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 geographic information systems, 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 of information. A large amount of the information which exists on a map face 
contains implicit information, and for data base purposes it is necessary to make this 
information explicit. 
 
The Phase One geology coverage was released for distribution to stakeholders as an “Interim 
geological coverage of the BBSB” in February 2001. The coverages of the geology were 
released as polygons (bbsdmr5ge0102_poly), and as a separate arc coverage 
(bbsdmr5ge0102_line) of geological boundaries and faults at 1:250 000 scale equivalent. The 
coverages portray mapped geological units and are attributed with lithological and stratigraphic 
descriptions. 

2.2.5 Limitations of existing data in Phase One 
 
A number of inadequacies and inconsistencies existed in the Phase One data. These were: 
§ the range in ages of the source data sets and hence state of geological knowledge portrayed, 
§ the varying styles of portrayal of geological units,  
§ 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) and, 

§ differing scales. 
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 data sets 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 data sets. 
 

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 data sets 
§ Various versions of geological maps 
§ Geological theses and maps 
§ Mineral exploration company reports 
§ Departmental mapping 
§ Field observations 
§ Drill hole databases 
§ Geochronology (absolute and relative) 
§ Geochemistry 
§ Petrology 
§ Geomorphological mapping 
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§ 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-b) 
§ Magnetic data (see figure 2-c) 
§ Satellite images 
§ Digital terain models (see figure 3-s) 
§ Gravometric data (see figure 2-d) 
Supporting data sets which can assist in geological interpretations: 
§ Stream data sets 
§ Topographic and cadastral maps and data sets 
§ Property maps 
 

2.3.2 Data preprocessing 
 
In order to make these data sets useful and available it was necessary to: 
§ systematically georegister all of the information into the Australian Map Grid Zone 55 

coordinate system used as a standard for the BBSB assessment, 
§ store the data in a systematic data directory on a computer server accessible by all of the 

geologists in the project, and,  
§ maintain an index of the data and new interpretations as they were generated. 
 
In addition, a range of preprocessing was undertaken. Geophysics data was prepared by 
specialist geophysicists. Magnetic data was prepared as total magnetic intensity, and first 
vertical derivative images. Radiometric data includes images for each of the potassium, thorium 
and uranium channels as well as ternary images with red corresponding to potassium, green to 
thorium and blue to uranium. Geophysical data sets are obtainable for the DMR under licence. 
Digital terrain data was artificially hillshaded for use as a backdrop in ArcView to aid 
interpretation of geological boundaries. 

2.3.3 A new method for the rapid interpretation of geology and subsequent 
conversion to spatial geoscience information 
 
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: 
§ use existing observations combined with continuous geophysical and remote sensed data to 

effectively extrapolate knowledge into areas where direct observations are limited,  
§ standardise interpretations across large areas, and, 
§ identify areas where existing observations do not appear to explain the remote 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 data sets and revisions or anomalies 
identified. 
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Figure 2-b. Composite ternary radiometric image of the BBSB  
(Potassium = Red, Thorium = Green, Uranium = Blue). 
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Figure 2-c. Total magnetic intensity greyscale image of the BBSB and surrounds. 
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Figure 2-d. Bouguer gravity image with a synthetic northeast sunshading of the BBSB and 
surrounds. 
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Mapping was undertaken on areas corresponding to one or more 1:100 000 sheet areas using 
ArcView 3.2a. A series of arcs representing geological boundaries were digitised on-screen 
from existing mapping and new interpretations. In general, on-screen digitising was undertaken 
at a scale equivalent of 1:10 000 to 1:50 000 with vertex distances on arcs being between about 
50 metres to several hundred metres apart depending upon the complexity of the boundary 
being interpreted. As arcs were digitised, interpretations could be systematically validated 
against the range of data sets available, but especially radiometrics, magnetics and digital terrain 
models. A series of label points was concurrently prepared with letter symbols used for each 
mapped unit. 
 
Team mapping was employed. This meant that while individuals were responsible for mapping 
over specific areas, other geoscientists were regularly invited to jointly interpret, compare and 
resolve issues of interpretation as they arose. 
 
In traditional mapping, hardcopy versions of map products are produced and separately 
digitised at a later time. In the process used for the BBSB Geology upgrade Phase Two, no 
separate hardcopy was prepared and geologists interpreted and digitised as part of the same 
process. This was undertaken directly by drawing arcs and points as required on the computer 
screen at the interpreters desk, using ArcView software. 
 
Only arcs and points were digitised in ArcView. Once corresponding arc and point data sets 
were prepared for each working area, the information was transferred to ArcInfo where a 
cartographer prepared topologically structured polygon coverages. The resulting polygon 
coverages were then made accessible for viewing, copying and editing by the geologist. The 
polygons could be interrogated and checked. Shape files of arcs generated from the polygon 
coverage and separate label points could then be edited and corrected by the geologist and 
returned for a polygon re-build. This iterative process was undertaken on average three times 
for each data “tile” being prepared. For this process to work, each “tile” had to be a defined, but 
not necessarily standard, area and be entirely internally “complete” and “contained” within a 
bounding polygon. 
 
Over time, a series of internally consistent “tiles” of new data were prepared. These were 
progressively merged into larger and larger coverages. During this process, edge match 
inconsistencies and differences of interpretation were identified and resolved. 
 
Concurrently, an attribute table of mapped geology units was prepared and linked to the spatial 
coverages. The letter symbol attribute was used as the key field. The attribute table is a 
modified version of that prepared for the Phase One geology coverage. It has been possible to 
apply much of the existing geological intelligence into this attribute table. Apart from 
Quaternary units, few entirely new geological units have been described and existing 
descriptive information has been adequate, in most cases, to characterise each mapped unit. 
 
Only a small amount of time has been spent on field validation. This was due to the very large 
area being mapped, the nature of the geology, and the limited time and financial resources 
available. However, the technique used has allowed inconsistencies between old and new 
interpretations to be identified and field effort was directed to solving the most obvious 
inconsistencies. Field observations have been systematically recorded in field books with 
accurate GPS location information. These will eventually be incorporated into DMR databases. 
 
Photographs were taken for most of the field sites visited and these will become available 
through DMR data systems. 
 
Field observation points have been recorded in field books and include Observation ID, map 
reference in AMG coordinates (via GPS or read from map), text descriptions of the rocks 
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observed, sketches and notes about photographs as required, and information about any samples 
collected. 
 

2.3.4 Additional scientific investigations 
 
It was recognised early in the project, and earlier by others, that two major geological units were 
very difficult to distinguish one from the other. These were Tertiary basalts and basalts which 
are part of the Jurassic Garrawilla Volcanics. In several key areas samples where collected and 
potassium argon age dating carried out. The results of these investigations are reported in 
Appendix 2. 
 
The age dates have resolved the identification of all of the units samples, but also indicate that 
there are further units which may also require re-evaluation. These units are noted in the 
description of the Tertiary and Garrawilla basalts in following sections. 
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3. GEOLOGY OF THE 
BRIGALOW BELT 
SOUTH BIOREGION 

3.1 SUMMARY 

BRIGALOW BELT SOUTH BIOREGION (BBSB) IN NSW: 
§ Covers an area of 52,500 square kilometres (77,440 square kilometres including a 15 kilometre 

buffer) 
§ Comprises areas covered by parts of the Walgett, Nyngan, Narromine, St George, Moree, Narrabri, 

Gilgandra, Dubbo, Goondiwindi, Inverell, Manilla, Tamworth and Singleton 1:250 000 map sheets 
§ Bounded in the east by the older New England Fold Belt and in the south and west by the Lachlan 

Fold Belt 
Geology of the BBSB is dominated by: 
§ Two major sedimentary basins  

- Permian-Triassic strata of the Gunnedah Basin (part of the Sydney-Gunnedah-Bowen Basin) 
- Jurassic and younger strata of the Surat Basin (part of the Great Australian Basin) 

§ Tertiary volcanics and lavas from shield volcanoes that have intruded and overlie the basin equences 
§ Quaternary sediments derived from the older fold belts, sedimentary basin sequences and Tertiary 

volcanics that blanket much of the region. 
Note: Figure 3-a shows the geological periods and age ranges for terms commonly used in this report. 
 
The BBSB of north central New South Wales extends over a number of geological provinces 
and systems.  These comprise: 
§ Lachlan Fold Belt 
§ New England Fold Belt  
§ Permo-Triassic Basins 
§ Mesozoic Igneous Rocks 
§ Surat Basin 
§ Tertiary Sediments and Volcanoes 
§ Quaternary Alluvium 
 
The basement rocks of the Ordovician to Triassic Lachlan and New England Fold Belts (Figure 
3-b) have a complex geological history and form parts of the much larger Tasman Fold Belt 
system. This history includes numerous periods of continental collision and extension, which 
resulted in a complex evolution of sedimentation, igneous activity and metamorphism. 
 
The Lachlan Fold Belt outcrops in the southwestern portion of the BBSB and underlies most of 
the BBSB to the west of the Hunter-Mooki Fault. Initial deep-marine sediments were deposited 
in the Lachlan Fold Belt in the early to Late Ordovician, and is coeval with the intrusion of an 
ultramafic complex. Towards the end of the Ordovician two lithospheric plates collided and the 
deformation (Benambran Orogeny) uplifted what is now called the Macquarie Volcanic Arc. 
Sedimentation became progressively shallow in the area of uplift, however away from the 
Macquarie Volcanic Arc deep marine conditions prevailed through to the Early Devonian  
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Figure 3-a. Geological time-scale reference for age terms used in this report. 
(Note: “Ma” is used throughout the text as an abbreviation for “millions of years”). 
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(Cowra Trough). Extensional tectonics followed the Benambran Orogeny and caused the 
Macquarie Volcanic Arc to split in the Middle Silurian. This extension instigated the onset of 
major felsic volcanism and subsidence of the landscape. Sedimentation proximal to the 
Macquarie Volcanic Arc (Mumbil Shelf) in the Silurian started with the development of 
extensive limestone reefs with input of felsic volcanic material and minor development of mafic 
intrusions. Uplift of the Cowra Trough in the Early Devonian during the emplacement of the 
Yeoval Batholith changed the sedimentation environments from deep-marine to shallow marine 
to terrestrial. The early Mid Devonian Tabberabberan Orogeny resulted in a regional uplift, 
which temporarily terminated deposition of sediments in the Lachlan Fold Belt. A renewal of 
sedimentation in the mid to Late Devonian as a series of fluvial sediments sourced from the 
erosion of the uplifted sediments and intrusives from the Tabberabberan Orogeny. 
Sedimentation finally ceased in the latest Devonian, before the onset of the development of a 
continental arc in the Early Carboniferous Kanimblan Orogeny. Post-tectonic intrusions of the 
Wuuluman and Gulgong Plutonic Suites and many other covered granites intruded and 
cratonised the Lachlan Fold Belt in the late Early to Late Carboniferous. 
 
The New England Fold Belt occupies the eastern portion of the BBSB and is composed of two 
major components, namely the Central Block and the Tamworth Belt. The Central Block is 
separated from the Tamworth Belt by the Peel Fault. Oceanic crust of Cambrian age is the 
oldest unit of the Central Block and is now represented as a narrow band of highly deformed 
ultramafic material next to the Peel Fault. Other units of the Central Block occur as a series of 
Silurian to Carboniferous deep-marine sediments which were accreted to the Carboniferous arc 
(now covered by Permian and Mesozoic Basins) to the west of the New England Fold Belt as a 
series of subducting oceanic ‘slabs’. Sedimentation of the Tamworth Belt began in the Late 
Devonian in a shallow marine forearc basin with input of andesitic to dacitic volcanics. As time 
progressed and various uplifts associated with arc development in the Early to Late 
Carboniferous caused sedimentation to become terrestrial. This uplift produced large-scale 
piedmont fans proximal to large volcanos of felsic composition. Sedimentation in the Tamworth 
Belt ended as a series of glacial and fluvial sediments in the Late Carboniferous. A series of 
intrusions from the Latest Carboniferous to the early Mid Triassic cratonised the New England 
Fold Belt.   
 
The development of large basins in the central and eastern parts of the BBSB occurred from the 
Earliest Permian to the Late Triassic. These formed initially as rift-basins in a general back arc 
environment, then evolved in the Permian to become a foredeep of the New England Fold Belt. 
Major structural elements are the Sydney-Gunnedah-Bowen and the Werrie Basins as well as 
the Warialda Trough (Figure 3-c). 
 
Sedimentation in the earliest Permian began with fluvial systems in the southeastern portions of 
the BBSB. This fluvial sedimentation was concurrent with felsic volcanism from a number of 
volcanic centres in the BBSB. Mafic volcanism in the BBSB began during the waning periods 
of the felsic volcanism and continued for some time in a belt of mafic rocks in the eastern 
BBSB. Unconformably overlying the volcanics is the lower coal measures that were deposited 
in a piedmont-type locale sourced from a major uplift of the New England Fold Belt. During 
Middle Permian, under cold climate conditions, a major marine transgression enveloped the 
basin. The sediments were deposited in deep then shallow-water marine environments with 
input from local glaciers. Sedimentation in the upper coal measures in the Late Permian was 
predominantly fluvial with localised marine tongues. Sources of the sediments often changed in 
this period due to varied stages of uplift and erosion of the Lachlan and New England Fold 
Belts. The latest Permian sedimentation was influenced from a major post-collisional volcanic 
episode in the New England Fold Belt with the development of tuffaceous sediments. 
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Figure 3-b. The relationship of the BBSB with respect to the Lachlan Fold Belt and New England 
Fold Belt (constituents of the Tasman Fold Belt System) 
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In the Early Triassic uplift and erosion from the New England Fold Belt formed a major north-
south trending, high-energy braided stream. The energy of this system progressively lessened 
and the braided stream systems gave way to fluvial systems with an increased input of 
sediments sourced from the Lachlan Fold Belt. Inferred faulting in the southeastern portions of 
the BBSB is believed to have cut-off the escape of water in the basin resulted in the formation 
of a deep freshwater lake. As sedimentation continued the lake filled by means of a prograding 
delta with a further subsequent accumulation of overbank sediments. 
 
The Surat Basin unconformably overlies the Lachlan and New England Fold Belts as well as the 
Permo-Triassic Basins and is found throughout most of the BBSB. Basal alkaline mafic 
volcanics formed in the Early sedimentation of the Surat Basin is manifest as a series of fluvio-
lacustrine sediments. Conformably overlying the swampy and lacustrine deposits is a series of 
Late Jurassic high-energy, braided-stream deposits sourced from the Lachlan Fold Belt. Over 
time, the energy for this system waned and the braided-stream system was replaced by 
meandering streams. Marine ingressions and regressions in the Early to Mid Cretaceous 
occurred forming a sequence of fluvial and shallow-marine deposits in the upper Surat Basin. 
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Figure 3-c. The location of the BBSB  in relationship to the Sydney-Gunnedah-Bowen and Great 
Australian Basins in New South Wales. 
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Quiescent tectonic periods in the Late Cretaceous and earliest Tertiary created deep weathering 
surfaces. Uplift associated with the onset of spreading of the Coral Sea in the Palaeogene 
(approximately 65Ma) activated erosion and deposited high-level gravels. These gravels were 
then overlain by a series of lavas and pyroclastic material from central volcanoes and volcanic 
provinces in the late Eocene. Units constituting the Early Tertiary sediments and subsequent 
volcanics are developed on a basement of Lachlan Fold Belt, New England Fold Belt, Sydney-
Bowen Basin and Surat Basin, and occupy large portions of the highest ground in the BBSB. 
The volcanoes and volcanic provinces were then downcut during the middle Miocene to late 
Pliocene incising a number of wide valleys. These valleys have been subsequently filled from 
the Pliocene to the Quaternary. A combination of changing climatic conditions and minor 
faulting in the Quaternary are mechanisms that have shaped the current land surface. 
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3.2 MAJOR GEOLOGICAL SUB-DIVISIONS 

3.2.1 Lachlan Fold Belt  
LACHLAN FOLD BELT (LFB) 

§ Is a 700 km wide belt of deformed, Palaeozoic, deep marine, shallow marine and sub-aerial 
sedimentary rocks, cherts and mafic volcanic rocks of Cambrian to Devonian age, large volumes of 
granite and low pressure / high temp metamorphic rocks 

§ Is a composite orogenic region of subduction zone complexes of Early Cambrian to Early Devonian 
age that progressively accreted to the margin of the Australian craton 

§ Had a complex amalgamation and deformation history with inferred periods of compression and 
extension tectonics 

§ Crops out in the southern extremities of the BBSB in the Dubbo, Gilgandra and Narromine map sheet 
areas and forms the basement of a large part of the BBSB 

§ Deformed LFB rocks do not outcrop in western parts of BBSB, but extend beneath shallow sediments 
and fluvial cover, as inferred from geophysical surveys and limited drilling to bedrock 

LFB rocks exposed in the southern extremities of the BBSB include  
§ Ordovician to Devonian sediments and volcanics (shale, siltstone, volcanics and volcaniclastics, 

phyllite, turbidites, chert, limestone) 
§ Rare ultramafic intrusives 
§ Devonian and Carboniferous granitic intrusions 

Preface 
The unit names and symbols used for the Lachlan Fold Belt have been obtained and modified 
from the Dubbo 1:250 000 map sheet (Meakin and Morgan 1999), Narromine 1:250 000 map 
sheet (Sherwin 1996), and from Kenny (1964). The modifications were made to make each 
symbol unique to a particular rock unit. Notes constituting this chapter have been extracted and 
compressed from the geological history portions of the Dubbo and Narromine 1:250 000 
Explanatory notes. 

Introduction 
This section describing the geology of the Lachlan Fold Belt is largely derived from Meakin 
and Morgan (1999) and Sherwin (1996). The Palaeozoic units of the Lachlan Fold Belt in the 
BBSB are the northern part of a group of rocks, which extend across much of southeastern 
Australia. Figure 3-d shows the outcrop and subcrop extent of the Lachlan Fold Belt in the 
BBSB. A time space diagram for the Lachlan Fold Belt units found in the BBSB can be 
observed in Figure 3-e. In the BBSB the Lachlan Fold Belt rocks can be divided into seven 
lithotectonic associations based on age, lithology and depositional environment. 
The associations are: 
§ Early Ordovician ultramafic intrusive complexes 
§ ?Early to Middle Ordovician quartz-rich turbidites 
§ Early Ordovician to Late Ordovician (to ?early Early Silurian) generally deepwater, mafic 

to intermediate volcanic and volcaniclastic rocks and intrusions 
§ late Early Silurian to Early Devonian shallow-water to deepwater volcanic and sedimentary 

sequences 
§ Early Devonian plutonic rocks 
§ Middle Devonian subaerial silicic volcanic sequences 
§ Late Early to Late Carboniferous granites. 
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Figure 3-d. Surface distribution of the Lachlan Fold Belt in the BBSB. 
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Early Ordovician to Late Ordovician 
Early Ordovician ultramafic intrusive complexes in the BBSB are manifest as the Tantitha 
Intrusive Complex. Sherwin (1996) has tentatively correlated the Tantitha Intrusive Complex to 
a string of Alaskan-type ultramafic complexes that form an approximate north-south belt, which 
passes through Fifield (southwest of the BBSB). The relationship of the Tantitha Intrusive 
Complex in the southwestern Brigalow area is unclear due to the fact that the unit occurs as a 
lone hill surrounded by alluvium. However, Sherwin (1996) proposes that this complex may 
have intruded the Early Ordovician Girilambone Group (west of the BBSB) and has since been 
intruded by the Yeoval Complex. 
 
Two major stratigraphic packages of Early Ordovician to Late Ordovician (or ?early Early 
Silurian) age are present in the southwestern BBBSB area: 
 
§ mafic to intermediate volcanic and volcaniclastic rocks and intrusions represented by the 

Cabonne Group (see Photograph 3-a); and 
§ A mixture of quartzose turbiditic sandstones and siltstones as well as chert represented by 

the Cotton Formation. 
 
The volcanic sequences crop out as three north-south trending belts in the southern portion of 
the BBSB. The central sequence of Ordovician rocks is named the Molong Volcanic Belt (south 
of Cobbora), while the eastern sequence is called Rockley-Gulgong Volcanic Belt (near 
Dunedoo). The central and eastern belts are generally considered to have formed part of a 
single, north-south volcanic arc, the 'Macquarie Volcanic Arc', that was dismembered during the 
Siluro-Devonian (Scheibner 1976; Webby 1976; Cas 1983). This interpretation is supported by 
recent gravity data in which the two belts appear to converge to the north, beneath Permian and 
Mesozoic basin rocks (See Distribution of Lachlan Fold Belt rocks in the Subsurface section 
below). Outcrops of the western belt of Ordovician volcanics and sediments (Cotton Formation) 
occur around Narromine and have an unclear relationship with the units of the Macquarie Arc 
(Cabonne Group) (Sherwin pers. comm., 2002). The Ordovician volcanic sequences are also 
considered to underlie parts of the Siluro-Devonian Cowra and Hill End Troughs. 

Late Ordovician to Early Silurian tectonism 
Widespread deformation, the Benambran Orogeny, took place in the Lachlan Fold Belt in Late 
Ordovician to earliest Silurian time (Packham 1969) causing minor deformation of the 
Macquarie Volcanic Arc (Scheibner 1976). The Silurian shelf facies have been found elsewhere 
in the Lachlan Orogen to overlie Ordovician volcaniclastic units with angular discordance 
(Morgan et al 1999). The age of the Kabadah Formation is uncertain, but if the volcaniclastic 
rocks of the Kabadah Formation prove to be Silurian in age, the volcaniclastic detritus may 
provide further evidence of uplift and erosion of the Ordovician volcanic arc during that time. 

Late Early Silurian to Early Devonian 
Major changes in facies and palaeogeography followed the Benambran deformation (Cas 1983), 
with the development of elongate (north-south) platforms and basins, and the onset of 
widespread silicic, and locally bimodal, volcanism (Powell 1983). Initially, a broad shelf 
(Mumbil Shelf) developed on the Ordovician basement, the shelf being flanked to the west by a 
marine basin, the Cowra Trough. 
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Figure 3-e. Simplified time-space plot for the Lachlan Fold Belt in the BBSB. 
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Major extension took place throughout the Silurian to Early Devonian, resulting in voluminous 
mafic to silicic volcanism and sedimentation. Carbonates and pelagic (deep marine) muds were 
deposited during widespread subsidence. Transtensional forces in the early or early late Ludlow 
caused the Ordovician Macquarie Volcanic Arc to spilt. The Ordovician rocks of the Rockley-
Gulgong Volcanic Belt were displaced eastwards by extension (Glen 1992) and regional strike-
slip faulting (Scheibner 1976; Packham 1987), forming Siluro-Devonian basins, shelves and 
troughs. The eastern belt formed a relative high, the Capertee High (Packham 1969), while 
progressive thinning of the crust between the Mumbil Shelf and Capertee High resulted in the 
formation of a meridional deepwater basin, the Hill End Trough (Packham 1969). The exact 
timing of that event is the subject of debate, with estimates ranging from the middle Silurian 
(Packham 1960; Scheibner 1973) to the latest Silurian or earliest Devonian (Powell 1984; 
Packham 1987). 
 
Voluminous felsic volcanism (see Photograph 3-b) in the southern BBSB during the Late 
Silurian, together with the approximate Late Silurian age of the lowest exposed units of the Hill 
End Trough (although the base of the Trough sequence is not constrained), suggests that 
extension was taking place throughout Middle Silurian to Early Devonian time. The Early 
Devonian emplacement of the Yeoval Batholith and associated high level intrusives caused a 
regional thermal uplift of the Lachlan Fold Belt in the BBSB. As a result of this uplift, 
deposition of sediments in the Lachlan Fold Belt became progressively shallower with the 
formation of large limestone shelves in the Early Devonian and later thick deposits of subaerial 
sediments (Crudine Group) as uplift continued in the late Early Devonian. 

Middle Devonian tectonism 
During the early Middle Devonian, the 'Tabberabberan Orogeny' (Packham 1969) resulted in 
regional uplift, folding and contractional fault movement, which terminated deposition in the 
Cowra and Hill End Troughs, and on the Mumbil Shelf and Capertee High. Reassessment of the 
timing of deformation in the Hill End Trough by Packham (1999) using the AGSO timescale 
(Young and Laurie 1996) and radiometric age dates from the Hill End Goldfield (Lu et al 1996), 
suggested that a major period of deformation probably began by terminating Trough deposition 
in the Early Devonian to Middle Devonian time (approx 375 Ma). 

Early Carboniferous tectonism 
In the Early Carboniferous, the Lachlan Fold Belt occupied a back-arc setting. It was deformed 
due to high rates of plate convergence, which was synchronous with the development of a large 
subduction complex in the New England Fold Belt (Fergusson and Coney 1992). Widespread 
deformation was associated with the Kanimblan Orogeny (Packham 1969), which caused the 
cratonisation of the northeastern Lachlan Fold Belt. Some researchers maintain that this was the 
major deformation episode of the Hill End Trough and adjacent highs (Powell and Edgecombe 
1978). It is especially reflected in the folding and cleavage development in the Late Devonian 
sequences. Deformation produced open to tight, north-south folds with axial planar cleavage. 
Regional metamorphism formed phyllites and schists in places (Pemberton 1990). A mild north-
south compressive deformation, post-dating cleavage formation, has been documented near 
Mudgee (Fergusson and Colquhoun 1996). 
 
Plutons on the eastern side of the Hill End Trough were probably emplaced at a depth of one to 
two kilometres. Plutons in the west, however, were either emplaced at a greater depth. 
Alternatively, they may have undergone more erosion, with the eroded material transported 
westward into Cretaceous sediments of the Great Australian Basin in South Australia (Shaw and 
Flood 1993). 
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Scabby Rock inlier 
An inlier of Palaeozoic basement, which was named by Kenny (1964) as the Scabby Rock 
inlier, occurs about 25 kilometres to the northeast of Coonabarabran, adjacent to a Tertiary 
intrusion. This Palaeozoic inlier consists of low to medium grade metasediments with minor 
quartz veins, and was observed by Kenny (1964) to be unconformably overlain by 
unmetamorphosed Permian coal measures. This relationship suggests that the metasediments 
are sedimentary sequences of the Lachlan Fold Belt, which appear to have been ‘dragged’ up 
from depth during a Tertiary intrusion event. The age of the metasedimentary sequence of the 
Scabby Rock inlier however, has not yet been determined, but is interpreted to be within the 
range of Ordovician to Devonian in age. 

Distribution of Lachlan Fold Belt rocks in the subsurface 
Recent investigations of the Lachlan Fold Belt by Slater and McEvilly (2001); Gunn, (2002 
a,b), Cain, (pers. comm. 2002) and as part of this project, have focussed on the subsurface 
extensions of various units to the north of the outcropping units in the BBSB. Figure 3-f. is an 
interpretation of the basement rocks including units of  the Lachlan Fold Belt, the New England 
Fold Belt, and Early Permian Volcanics in the BBSB. 
 
The two Ordovician belts (Rockley-Gulgong and the Molong) of the Macquarie Volcanic Arc, 
appear to converge beneath cover near Mendooran and extend further north to the 
Warrumbungle area. The other Ordovician belt of rocks near Narromine can be observed to 
extend beneath cover in a north-north-west direction beneath the township of Warren (west of 
the BBSB). Sediments and volcanics of the Silurian and Devonian trough and shelf sequences 
dominate most of the western half of the BBSB. This interpretation can be substantiated by the 
presence of limestones (interpreted to be Siluro-Devonian) that are commonly intersected in 
deep water-bores in the western BBSB.  
 
Many intrusive units of Silurian, Devonian and Carboniferous age are inferred from magnetics 
and gravity in the subsurface. A series of Silurian granites which are inferred to have been the 
source for the Middle Silurian felsic volcanics underlie areas surrounding Coolah, Mendooran 
and Gulargambone. A belt of Devonian granites (Yeoval Plutonic Suite) outcrop to the east of 
Narromine. These Devonian granites are have an orientation and spatial relation to the 
Ordovician belt near Narromine and are interpreted to extend underneath cover to near Warren. 
These granites have a relatively poor magnetic response and have weak gravity highs. To the 
east of the Devonian granites is a belt of numerous Middle Carboniferous intrusions. These 
intrusions have a strong magnetic character and are easily identifiable. 
 
The development of felsic volcanic sequences during the opening of the early Permian basins 
has “masked” the magnetic response of the eastern portions of the Lachlan Fold Belt under 
cover. This has made interpretation of the pre-Permian basement difficult. As a result, there has 
been no attempt to differentiate the sedimentary sequences and intrusives of the Lachlan Fold 
Belt in this area. 
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Figure 3-f. Simplified interpretation of the extent of various basement sequences in the BBSB 
(modified after Gunn 2002a,b, Slater and McEvilly 2001, Cain (2002, pers.comm.) 
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Photograph 3-a. Quarry cut of steeply dipping chert 
and argillite of the Tucklan Formation, five 
kilometres northwest of Dunedoo (GR 722650 
6458830). 

 
Photograph 3-b. Outcrop of rhyolite member of the 
Dungeree Volcanics, one kilometre north of Leadville 
(GR 741590 6455510). 
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3.2.2 New England Fold Belt 
NEW ENGLAND FOLD BELT (NEFB) 

§ Is composed of Early Cambrian to Carboniferous pre-cratonic complexes which define volcanic arc-
forearc-accretionary prism systems that progressively accreted to the eastern Australian margin of 
Gondwana during the Late Carboniferous. 

Broad geologic subdivision of the New England Fold Belt: 
Tamworth Belt: 
§ Devonian intra-oceanic island arc sequence 
§ Uppermost Devonian - Carboniferous continental margin arc sequence 
Central Block: 
§ latest Devonian to Early Carboniferous accretionary complex 
§ associated orogenic and post-orogenic granitoids 
Extensive granite suites intrude the NEFB 
Central Block is separated from the Tamworth Belt by the Peel Fault. 
New England Fold Belt:  
§ Is separated from the Gunnedah Basin in the west by the Hunter-Mooki fault system 
§ Thrust westwards over the Sydney-Bowen Basin along the Hunter-Mooki-Goondiwindi Fault System 
§ Is unconformably overlain by Jurassic siltstones and sandstones of the Surat Basin in the north 
§ Early Permian sediments and volcanics locally overlie the Devonian and Carboniferous arc 

sequences of the Tamworth Belt 

Introduction 
The New England Fold Belt comprises the easternmost preserved part of the Neoproterozoic to 
Mesozoic Tasman Fold Belt System (Scheibner 1974 1987; Day et al 1978) that extends in a 
north-south trending belt from Bowen in Queensland to Newcastle in New South Wales. The 
Fold Belt comprises many rocks that formed in complex geological settings where sediments 
from the deep ocean were being subducted and thrust into the Australian landmass. They were 
mixed with sediments formed from the eroding mountains and volcanoes that existed on the 
margins of the continent.  
 
Like the Lachlan Fold Belt, the New England Fold Belt has had a complex structural history 
with the rocks undergoing a series of deformations involving large-scale faulting and folding 
from the Late Carboniferous to Triassic time. The Fold Belt also includes several major suites 
of granitic rocks as well as numerous related intrusive and extrusive volcanic rocks. It is faulted 
against and thrust over the eastern part of the Sydney-Gunnedah-Bowen Basin along the 
Hunter-Mooki-Goondiwindi Fault system. 
 
The New England Fold Belt in the area of the BBSB comprises rocks of the Tamworth Belt and 
a small part of the Central Block, which together comprise the Yarrol-Tamworth Terrane. 
Central Block rocks are separated from the Tamworth Belt by the Peel Fault System. Figure 3-
g. shows the extent of the New England Fold Belt in the BBSB area. An equivalence diagram of 
the rocks constituting the New England Fold Belt can be observed in Figure 3-h. 
 

Central Block 
The Central Block of the New England Fold Belt occurs to the east of the Peel Fault 
(Photograph 3-c) and is comprised of a Cambrian to Silurian ophiolitic sequence (ocean crust), 
which was emplaced in the Late Carboniferous (Aitchison and Ireland 1995). Middle Silurian to 
Early Carboniferous deepwater marine strata occur to the east of the ophiolite sequence. S-type 
granitoids of the Late Carboniferous Bundarra Plutonic Suite intrude the Palaeozoic sediments. 
Late Permian and Early Triassic I-type granitoids of the Clarence River Suite and other 
undifferentiated fractionated granitoids intrude the sediments. 
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Figure 3-g. The surface distribution of New England Fold Belt rocks in the BBSB. 
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The Central Block can be subdivided into three separate tectonic terranes, which are stitched by 
intrusions of the Bundarra and Clarence River Plutonic Suites and Leucogranites. These 
terranes which represent separate parts of the crust brought together after their formation 
include:-  
§ undifferentiated serpentinite, 
§ Woolomin Group cherts and oceanic rocks; and, 
§ Cara and Whitlow Formations, and Texas beds being deep marine and oceanic rocks. 
 
Serpentinite is developed immediately east of the Peel Fault. It consists mainly of schistose and 
massive serpentinite together with lesser amounts of metamorphosed igneous inclusions. The 
serpentinite and associated rocks comprise the Woodsreef Melange (intensely deformed rock) 
(Aitchison et al 1988), which is interpreted as a dismembered ophiolitic sequence (Scheibner 
and Glen 1972, Blake and Murchey 1988). These serpentinites and associated ophiolitic rocks 
have been extensively dismembered and have been involved in repeated emplacement to higher 
levels. These rocks are mainly interpreted as representing the former upper plate and basement 
of the arc and forearc region. 
 
The Silurian to Early Carboniferous sequences (Woolomin Group, Cara Formation, Whitlow 
Formation, and Texas beds) consist of lithic wacke, siltstone and mudstone together with lesser 
chert, jasper and basalt. Rare small to large limestone horizons (eg Ashford Limestone) occur, 
together with associated basalt and andesite. These sedimentary sequences are folded and 
metamorphosed to a low-grade. There is considerable variation within and between sedimentary 
sequences, with the highest metamorphic grade occurring in the Woolomin Group (Offler and 
Hand 1988). These rocks are locally thermally metamorphosed by Permian and Early Triassic 
intrusives. 
 
The S-type (reducing) Bundarra Plutonic Suite (Flood and Shaw 1975) comprises a meridional 
aggregate of plutons and occur in the most northeastern part of the BBSB. Intrusion of the 
Bundarra Plutonic Suite occurred during the Late Carboniferous to Early Permian. The I-type 
(oxidising) Clarence River Suite is manifest as the Boxwell Creek Granodiorite in the BBSB 
and intruded during the Late Permian. The Dumboy-Gragin Granite is an extensively 
fractionated I-type granite and intruded during the Early Triassic. The outcrops constituting the 
Dumboy-Gragin Granite may be related to the to the Leucogranite series of intrusions (Shaw 
and Flood 1981). 
 
Nomenclature used for the units and plutons constituting the Central Block in the BBSB are 
from the published 1:250 000 Goondiwindi geological (Mond et al 1972) and Inverell 
metallogenic maps (Brown and Stroud 1997). 

Tamworth Belt  
The Tamworth Belt is separated from the Central Block on the east by the Peel Fault and 
disconformably underlies and overthrust rocks of the Surat and Sydney-Bowen Basins as well 
as the Warialda Trough to the north and west. The Tamworth Belt comprises gently folded and 
mildly metamorphosed Devonian to Carboniferous sedimentary and volcanic rocks. These rocks 
represent a protracted marine regression culminating in continental and shallow-marine 
sedimentation during Late Carboniferous time. Generally a westerly source of sediments and 
volcanics prevailed. This belt is usually interpreted as a forearc basin to the east of a (now 
buried) volcanic arc. The Tamworth Belt rocks, together with the ophiolite sequence in the 
Central Block, comprise the Yarrol–Tamworth Terrane of Scheibner (see Scheibner and Basden 
1996). 
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Figure 3-h. Equivalence diagram of mapped units constituting the New England Fold Belt within 
the BBSB. 
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The nomenclature of the mapped rock units adopted in this work for the Tamworth Belt can be 
broken into three separate geographic areas:-  
§ Northern portion of the Tamworth Belt. The published terminology of (Brown et al 1992) 

which was used on the Inverell and Manilla-Narrabri 1:250 000 metallogenic map sheets is 
used for the BBSB. 

§ Southern portion. The published terminology of Roberts and Oversby (1974) which was 
used on the Rouchel 1:63 000 geological sheet has been adopted. 

§ The portion to the west of the Plagyan Thrust. The nomenclature used is currently reserved 
by Emeritus Professor John Roberts as a series of current stratigraphic names with 
Geoscience Australia. 

 
The rocks of the Tamworth Belt comprise up to 7 200 m of folded and faulted Devonian and 
Carboniferous units. The sequence is overall regressive and consists of basal marine turbidites 
and overlying traction current deposits passing up to shallow marine sediments, which are 
overlain by coarse terrestrial fluvial conglomerates (Photograph 3-f) and sands. Fluvioglacial 
deposits together with minor tillite and glaciolacustrine units make up the bulk of the terrestrial 
conglomerate sequence. 
 
Volcanism near the Tamworth Belt was accompanied by the deposition of fluvial sediments and 
pyroclastic deposits, which are interbedded with epiclastic terrestrial and shallow marine 
lithologies. The source of all the detritus appears to have been an andesitic to rhyolitic volcanic 
arc to the west. A minor contribution was also made from a western plutonic and 
metasedimentary source. The Tamworth Belt is interpreted by many workers to represent a 
former forearc basin. An obvious change of the radiometric properties of the Tamworth Belt is 
manifest as an increase in the response of potassium, uranium, and thorium on a ternary image. 
The change in response can be observed to follow the lower boundary of Namoi Formation and 
corresponds to the onset of felsic volcanism in the arc to the west of the Tamworth Belt. 
Furthermore, this boundary occurs in the Early Carboniferous, which is synchronous with the 
emplacement of the Wuuluman Granite and Gulgong Plutonic Suite of the Lachlan Fold Belt. 
 
The Tamworth Belt rocks have been mildly deformed, producing north trending and variably 
plunging folds (Photograph 3-d). The major expression of the folding is the Rocky Creek 
Syncline. Regional scale faults and thrusts have resulted in post folding dislocation and are a 
feature of the Tamworth Belt. Low-grade regional metamorphism has affected most of the rocks 
of the Tamworth Belt. 
 
A small (less than 2 kilometres square) monzonite stock and associated dykes can be observed 
at Bald Hill, 25 kilometres east of Gunnedah. This pluton intrudes the Late Carboniferous 
Currabubula Formation and is therefore Permian to Triassic in age. The intrusion may be 
similar to the Late Permian I-type Moonbi Plutonic Suite 50 kilometres to the northeast. 
 

Distribution of New England Fold Belt rocks in the subsurface 
Mapping in the Gravesend to Croppa Creek area has demonstrated that rocks of the Tamworth 
Belt extend under shallow cover beneath the Surat Basin rocks and a number of basement 
inliers were identified. The Peel Fault, which is prominent in magnetic images because of 
associated serpentinites, can be traced in the sub surface on magnetic images. Similarly, Central 
Block rocks extend to the north of areas of know outcrop beneath Surat Basin sediments and 
Tertiary and Quaternary cover rocks. 



Geology Integration and Upgrade DMR WRA 19 September 2002 

 34 

 
Photograph 3-c. Serpentinite near the Peel Fault ten kilometres south of Warialda (GR 844827 
6713019). 

 

 
Photograph 3-d. Vertically dipping argillite 
beds of the Luton Formation, one kilometre 
west of Warialda (GR 843956 6725782). 

 
Photograph 3-e. Sandstone and conglomerate of 
the Caroda Formation, two kilometres south of 
Gravesend (GR  821604 6721449). 
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3.2.3 Permo-Triassic Basins 
 

SYDNEY-GUNNEDAH-BOWEN BASIN (Early Permian – Late Triassic) 
§ Is an elongate structural basin 
§ In NSW it occurs between the Lachlan Fold Belt and the Tamworth Belt of the New England Fold Belt 
§ Had a complex tectonic history 
§ Began as a rift basin in a general back-arc region – ?Late Carboniferous-Early Permian 
§ Developed as a Early Permian - Late Triassic depositional basin in front of the accreting island arc 

sequences of the New England Fold Belt and overlies Lachlan Fold Belt and NEFB rocks 
§ NEFB was thrust westwards over the Sydney-Bowen Basin along the Hunter-Mooki-Goondiwindi Fault 

System 
Meandarra Gravity Ridge is an extensive and unifying feature of the Sydney-Bowen Basin 
Gravity highs:  
§ assumed to reflect the emplacement of relatively dense igneous rocks at depth 
§ emplacement is considered to occur in a volcanic rift which was in a back-arc basin position relative to 

an Early Permian volcanic arc to the east 
Meandarra Gravity Ridge has been interpreted as representing the Early Permian Meandarra Rift beneath 
the Sydney-Bowen Basin 
GUNNEDAH BASIN (Early Permian – Late Triassic)  
§ Is a structural sub-basin or trough forming the central part of the Sydney-Bowen Basin 
§ Covers an area of 15 000 square kilometres 
§ Almost entirely contained within the BBSB 
§ Comprises shallow marine and abundant terrestrial sediments (including coal seams) of Permian and 

Triassic age 
§ Sediments were derived from the Lachlan Fold Belt in the west and from the increasingly emergent 

New England Fold Belt and were deposited in fluctuating nearshore marine and fluvial environments 
§ Sediments are unmetamorphosed and generally flat lying 
§ Basin originated as a Early Permian rift basin in a general back-arc region 
§ Followed by a mid-Permian thermal sag or subsidence stage 
§ Finally developed as a Carboniferous - Permian depositional basin 
§ Contains massive energy resources, especially coal and petroleum (gas, coal seam methane) 
 
Boundaries 
§ Bounded on the surface in the east by the New England Fold Belt along the N-NE-dipping Hunter-

Mooki Fault 
§ In the west by the regional unconformity surface over the Lachlan Fold Belt 
§ In the south by the Sydney Basin 
§ Is continuous with the Bowen Basin in the north 
§ Is in part, unconformably overlain by the Jurassic-Cretaceous strata of the Surat Basin in the north 

and west 

Introduction 
The Sydney-Bowen Basin extends for 1700 kilometres along the eastern margin of Australia 
from central Queensland in the north to the edge of the continental shelf off southeastern New 
South Wales. It is divided into three parts, the Sydney, Gunnedah and Bowen Basins. The 
BBSB area, including the buffer zone, covers the northern Sydney Basin, the entire Gunnedah 
Basin and the southern most part of the Bowen Basin. Study of the Sydney-Bowen Basin has 
traditionally been concentrated in coalfields established around each of the coal exploration and 
mining centres. 

Individual stratigraphies (rock unit naming systems) have been developed for each of the 
coalfields but these do not coincide with the structural boundaries of the basins as now defined. 
For example, the Ulan – Binnaway area is defined as being within the structural Gunnedah 
Basin but is included for historic and economic reasons within the Western Coalfield and uses a 
modified Western Coalfield stratigraphy instead of the Gunnedah Basin stratigraphy. Likewise, 
the Upper Hunter area is defined as part of the structural Gunnedah Basin but a modified Hunter 
Coalfield stratigraphy is used. 
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Figure 3-i. The surface distribution of Permo-Triassic basins in the BBSB. 
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To assist the review of the geology and mineral resources, and to assist the reader, the portions 
of the Permo-Triassic Basins relevant to the BBSB assessment has been subdivided into six 
parts. (Figure 3-i). A stratigraphic chart comparing the stratigraphies used for the mapping of 
the Permo-Triassic basins BBSB is provided in (Figure 3-j). A further chart comparing the 
stratigraphies used in the Sydney and Gunnedah Basins can be found in Tadros (1993a). The 
following discussion of the geological and tectonic history of the NSW portion of the Sydney – 
Bowen Basin is provided to form a context for the more detailed discussions set out below. 
Reference is also made to the development of the Warialda Trough and the Werrie Basin, two 
small Permo-Triassic basins in the east of the BBSB. These basins formed to the east of the 
Hunter-Mooki thrust on New England Fold Belt basement. 

Sydney Basin 
The Sydney Basin is a Permo-Triassic sedimentary basin covering about 44 000 square 
kilometres onshore and 5 000 square kilometres offshore to the edge of the continental shelf 
(Stewart and Alder 1995, Tadros 1995). Only a very small portion of its’ northern extremities 
are contained within the BBSB, and consequently the basin is only briefly discussed. The basin 
contains vast deposits of coal (Sniffen and Beckett 1995), and is also considered prospective for 
coal seam methane and petroleum (Stewart and Alder 1995). 
 
The Sydney Basin is part of the Sydney-Bowen basin, a major foreland basin system which 
extends from southern coastal New South Wales to central coastal Queensland. The Sydney and 
Gunnedah Basins are part of a continuum and any boundary is arbitrary. 

Gunnedah Basin 
The Gunnedah Basin, which is almost entirely contained within the BBSB. The Gunnedah 
Basin is a structural trough forming the central part of the larger Sydney-Bowen basin. The 
Gunnedah Basin covers an area of just over 15 000 square kilometres and comprises rocks of 
Permian to Triassic age. 
 
Gunnedah Basin sediments unconformably overlie deformed and metamorphosed rocks of the 
Ordovician to Devonian Lachlan Fold Belt in the west, and abut the Devonian to Carboniferous 
New England Fold Belt in the east along the east dipping foreland thrust, the Hunter-Mooki 
Fault System. The basin extends in the subsurface beneath rocks of the Tamworth Belt. The 
basin is in part overlain unconformably by Jurassic-Cretaceous strata of the Surat Basin. 
 
The tectonic setting of the Gunnedah Basin and the major models proposed for its origins are 
presented and discussed by Scheibner (1993). Island arc accretion further to the east is believed 
to have initiated basin formation (Stewart and Alder 1995). An initial Late Carboniferous-Early 
Permian stage was followed by a mid Permian thermal sag or subsidence stage and finally by a 
Permio-Triassic foreland basin subsidence stage which lasted into the middle Triassic. The 
nature of a possible magmatic arc immediately east of the Gunnedah and Sydney basins is 
uncertain, where the Meandarra Gravity Ridge is assumed to reflect the emplacement of 
relatively dense igneous rocks at various levels in the crust. Various stages of tectonic evolution 
of the basin are discussed in Pratt (1998), Tadros (1993a), and Stewart and Alder (1995). 
 
The basement comprises a series of sub-parallel approximate north-south trending troughs and 
highs. These sub basins are subdivided by approximate east-west trending highs to form a series 
of basement troughs as detailed by Tadros (1993a). 
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Figure 3-j. Correlation chart of the stratigraphies used in the mapping for Permo-Triassic basins in 
the BBSB. 
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One significant structural feature of the Gunnedah Basin is the north-northwest trending 
Boggabri Ridge. Lower Permian basement volcanics outcrop at the southern end of the ridge 
which plunges north-northwest. The ridge had a strong influence on sedimentation in the Early-
Mid Permian, and at this time, divided the Gunnedah Basin into two major sub basins. The 
Maules Creek sub basin to the east of the ridge accumulated up to 1000 metres of Early Permian 
Maules Creek Formation sediments. These sediments onlap progressively westward basement 
volcanics of the ridge. West of the ridge in the Mullaley sub basin, a relatively thin sequence of 
up to 100 metres of Early Permian sediments accumulated. 
 
The geology and distribution of major lithological units is discussed by Pratt (1998), and Tadros 
(1993a). The basin basically comprises shallow marine and abundant terrestrial sediments and 
felsic to mafic volcanics, characteristically unmetamorphosed and generally flat lying. Several 
coal seams of economic significance have been identified, particularly within the Blackjack and 
Maules Creek Formations (Tadros 1993c). 
 
Periodic compressive and strike slip movements along the main Hunter-Mooki Fault have 
resulted in the formation of a number of high relief anticlines in front of the main thrust, and 
these form attractive hydrocarbon exploration targets. The Wilga Park and Coonarah Gas 
discoveries (Stewart and Alder 1995) are on such anticlines. 

Bowen Basin 
The Bowen Basin is the northerly continuation of the Sydney-Gunnedah Basin, whose boundary 
with the latter is arbitrary. The basin in Queensland is a major producer of coal and petroleum. 
Petroleum production from the Bowen Basin in Queensland is from Early to Mid Triassic age 
units; these same age units underlie much of the Surat Basin in New South Wales. Only a small 
portion of its southern extremities are contained within the BBSB, and none of these basin rocks 
outcrop. 
  
The evolution and structural history of the Surat and underlying Bowen basins in northern New 
South Wales is summarised by Totterdell and Krassal (1995). A structural high located just 
south of latitude 29 degrees south is taken as the southern margin of the basin, which is situated 
in the far northern part of the BBSB. The eastern margins of the Bowen Basin in this area are 
structurally defined, being delineated by the Goondiwindi Fault system. 

Werrie Basin 
The Werrie Basin is a separate Permian basin lying adjacent to the Gunnedah Basin on the 
eastern side of the Hunter-Mooki fault system. It unconformably overlies rocks of the New 
England Fold Belt. It is a remnant, terminated both to the north and south by faulting associated 
with the Hunter- Mooki fault system. Whilst there are similarities with the adjacent Gunnedah 
Basin, the Werrie Basin differs stratigraphy especially in regard to the basal Temi Formation 
where coals are developed at a lower stratigraphic level than known in the Gunnedah Basin. 
 
Extensive mafic Werrie Basalt extrusions occur above the Temi Formation, which are then 
overlain by the Willow Tree Formation, equivalent to the Maules Creek Formation and the 
Greta Coal Measures. Significant development of Late Permian coal seams equivalent to the 
Black Jack Formation does not appear to have occurred within the Werrie Basin. 

Warialda Trough 
The Warialda Trough is a Mid to Late Triassic sedimentary rock sequence which rests 
unconformably over 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 crop out 
southeast of Warialda and continue as a series of parallel belts to the north in the subsurface. 
Sedimentary rocks of terrestrial origin comprise the deposits of the Warialda Trough, with 
thicknesses of the sedimentary sequences up to 200 metres. 
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Tectonic and Depositional History 
The Sydney-Bowen Basin was initiated by Late Carboniferous and Early Permian volcanic 
rifting between the Lachlan and the New England regions (Scheibner 1974; 1976). This was 
followed by a mid-Permian stage of thermal relaxation, and then a final Late Permian-Triassic 
stage where a foreland basin developed (Murray 1990). 

The earliest Permian sediments in the Sydney Basin consist of isolated occurrences of fluvial, 
coastal plain and marine sediments deposited on the older Palaeozoic basement. These are 
represented in the south by the Talaterang Group, consisting of the Clyde Coal Measures, 
Pigeon House Creek Siltstone and the Wasp Head Formation (Tye et al. 1996), and in the 
Newcastle and Hunter regions by the fluvio-lacustrine sediments of the Seaham Formation. The 
fluvial sediments of the Temi Formation in the Werrie Basin were also deposited at this time. 

Rifting caused the initial basin subsidence and initiated a widespread marine transgression 
throughout the Sydney Basin. This resulted in the formation of the Shoalhaven Group, including 
the Yadbro and Tallong Conglomerates, and the Pebbly Beach Formation, in the south and 
west, and the Dalwood Group in the Newcastle region. The Yarrunga Coal Measures were 
deposited at this time in the southern Sydney Basin, in a coastal plain environment (Tye et al. 
1996) that moved westwards as the transgression took place (Herbert 1980a). The thick basaltic 
and rhyolitic sequences of the Lochinvar Formation and Gyarran and Rylstone Volcanics in the 
Sydney Basin, and the Boggabri Volcanics and Werrie Basalts in the Gunnedah Basin, were 
also formed. 

A marine regression, which started late in the Early Permian, terminated the deposition of the 
Dalwood Group and allowed the accumulation of a thick fluvio-deltaic sediment wedge (the 
Greta Coal Measures). This wedge prograded southwards from tectonically active areas in the 
New England region. It reached the Hunter Valley and Newcastle areas but did not prograde to 
the southern part of the Sydney Basin. Marine conditions continued uninterrupted in the south, 
forming the sequence from the Wasp Head Formation to the Snapper Point Formation and the 
Wandrwandian Siltstone. Deposition also commenced in the western part of the basin at this 
time, with a thick transgressive shoreline and near-shore deposit (Snapper Point Formation) 
which was mainly derived from the Late Devonian quartzite of the Lachlan Fold Belt (Herbert 
1980a). 

The equivalents of the Greta Coal Measures in the Gunnedah Basin, the Leard, Goonbri and 
Maules Creek Formations, were deposited over the sequence of weathered basal volcanics. 
Basin fill was localised in small, rapidly subsiding troughs. Highlands and ridges separated the 
troughs. Fine-grained lacustrine sediments (Goonbri Formation), accumulated in the most 
rapidly subsiding areas in the troughs (the Maules Creek Sub-basin, Bohena and Bando Troughs 
in the Gunnedah Basin, (Tadros 1993c), whereas prograding volcanic - lithic alluvial fan and 
piedmont deposits accumulated on the flanks of the highs and ridges and on the trough margins 
and ultimately filled the lakes and covered the trough areas with thick sequences of fluvial 
sandstones and conglomerates (Tadros 1993b). Small amounts of quartz-rich sediments derived 
from the Lachlan Fold Belt were also deposited in the trough areas. Equivalents of the Greta 
Coal Measures are also found in the Werrie Basin. They are the Willow Tree and the Koogah 
Formations. 

Rapid subsidence followed this phase of deposition and led to a transgressive marine inundation 
of the Greta Coal Measures and its equivalents. The transgression was developed first in the 
Sydney Basin, with deposition of the Branxton Formation of the Maitland Group in the Hunter 
Valley region, and the deposition of the Wandrawandian Siltstone in the Illawarra region. It 
subsequently spread northwards and resulted in deposition of the Porcupine Formation 
(photograph 3-f) in the Gunnedah Basin and the Borambil Creek and lower Bickham 
Formations in the Werrie Basin. The presence of ice-rafted dropped pebbles and boulders in 
these formations is thought to indicate a cold climate, which persisted until at least the end of 
deposition of the Maitland Group (Brakel 1984). 
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A regressive-transgressive episode interrupted the open marine shelf deposition and formed 
near-shore sand sheets (the Muree Sandstone in the north and the Nowra Sandstone in the 
south). These beds were overlain by the finer-grained offshore sediments of the Mulbring 
Siltstone in the north, the Berry Siltstone and lower Cumberland Group in the south and west, 
and the Watermark Formation in the Gunnedah Basin. Sandy sedimentary units are common in 
the upper part of the sequence, indicating the onset of a marine regression that acted as the 
initiator of the main period of peat formation in the Sydney - Gunnedah Basins. The Toll Bar 
and upper Bickham Formations are the equivalents of these units in the Werrie Basin. 

The regression commenced very early in the Late Permian. Uplift and volcanism in the New 
England region resulted in increased erosion and transportation of sediment westwards and 
southwestwards into the Sydney and Gunnedah Basins. Prograding fluvio-deltaic systems 
formed the Tomago, Wittingham and Illawarra Coal Measures in the Sydney Basin and the 
Black Jack Group in the Gunnedah Basin. 

The Sydney and Gunnedah Basins also received sediments from the Lachlan Fold Belt as the 
result of periodic uplift caused by the developing collision with the New England Fold Block. 
Alluvial systems prograded north and east across the Sydney Basin and southeast across the 
Gunnedah Basin. The sediments formed the Marrangaroo and Blackmans Flat Formations in the 
lower part of the Illawarra Coal Measures in the Western and Southern Coalfields, and the 
Brigalow Formation and Clare Sandstone within the Black Jack Group. 

Two marine incursions interrupted terrestrial sedimentation in the Basins for short periods 
during this depositional episode. The first incursion, caused by tectonic subsidence (Brakel 
1986), deposited the Kulnura Marine Tongue and its lateral equivalents, the Bulga and 
Archerfield Formations in the northern Sydney Basin, the Erins Vale Formation in the southern 
Sydney Basin, and the Arkarula Formation in the Gunnedah Basin (Mullaley Sub-basin). This 
marine incursion did not reach the western margins of the Basins. Instead, the braided fluvial 
wedge of the Marrangaroo Formation was deposited in the Sydney basin and quartz-rich, bed-
load fluvial sediments of the Brigalow Formation were deposited in the Gunnedah Basin. 

The return to terrestrial sedimentation in the east of the Sydney and Gunnedah Basins marked a 
very important event: the establishment of basin-wide swamps. Peat accumulated in a 
succession of nearly continuous blankets over the subdued relief resulting from the infilling of 
the preceding marine embayment (Brakel 1984), and the emergent extensive platform of 
marine-reworked deltaic sediments (Hamilton 1987). 

The peat swamps formed the Lithgow Coal and the Lidsdale Coal in the southern and central 
Western Coalfield, and the Ulan Coal in the northern Western Coalfield. To the south, they 
formed the Bayswater Coal in the Hunter Coalfield and the Woonona Coal Member in the 
Southern Coalfield. In the Gunnedah Basin, they formed the Hosskissons Coal (Photograph 3-
g). 

A second marine incursion which was probably eustatically controlled (Brakel 1986) then 
affected the basins. It resulted in the deposition of the Watts Sandstone and Denman Formation 
in the Hunter and Western Coalfields, the Waratah Sandstone/Dempsey Formation sequences in 
the Newcastle area, and the Darkes Forest Sandstone/Bargo Claystone sequence in the Illawarra. 

From the widespread nature of the Dempsey/Denman incursion, abundance of acritarchs and the 
presence of foraminifera, Bembrick (1983) interpreted a marine open bay environment for this 
interval. The Dempsey/Denman incursion did not reach the Gunnedah Basin, but its lateral 
equivalents are freshwater lacustrine sedimentary rocks, the organic-rich, mudstone-dominated 
Benelabri Formation, to the east, and the westerly derived fluvial sandstones of the Brigalow 
Formation in the west (Tadros 1986a, b; 1993c). 

Coal measure sedimentation resumed after a marine regression ended the incursion, with the 
southward progradation of major fluvio-deltaic systems from the north of the Sydney Basin. This 
resulted in deposition of the Wollombi and Newcastle Coal Measures in the north; the upper part 
of the Illawarra Coal Measures (the Wallerawang Subgroup) in the west; the upper part of the 
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Sydney Subgroup in the Illawarra; and the uppermost part of the Black Jack Group (the Nea 
Subgroup) in the Gunnedah Basin. 

The encroachment of conglomeratic braided fluvial systems influenced sedimentation during that 
interval particularly towards the upper part, throughout the Sydney-Gunnedah Basin. There was 
also an abundance of air-fall tuff and pyroclastic detritus (Photograph3-h), derived from the 
tectonically active New England Fold Belt region which may be a distal equivalent to the 
wandsworth volcanics. Tuff and pyroclastic detritus in the Newcastle Coal Measures were 
apparently derived from the “Northumberland Ridge” to the east of the present coastline (Brakel 
1984). 

A major depositional break and a period of structural readjustment, uplift and erosion followed at 
the end of the Late Permian, and are evident across the Sydney - Bowen Basin and in the Werrie 
Basin. An angular unconformity occurs in the northern Gunnedah Basin between the Triassic 
Digby Formation and the Permian rocks of the Millie and Black Jack Groups (Tadros 1986b). 
There is also an unconformity between the Digby Formation (photographs 3-j, 3-k) and the Toll 
Bar and Borambil Creek Formations in the northern Werrie Basin at Willow Tree (Pratt 1998). 

In the Hunter Valley, a significant depositional break occurred between the Late Permian coal 
measures and the overlying basal Narrabeen Group (photograph 3-i). An unconformity is also 
present over the Lochinvar Anticline where the Newcastle–Tomago Coal Measures sequence has 
been completely eroded and the Triassic Munmorah Conglomerate (Narrabeen Group) rests 
directly on the underlying marine Maitland Group (Herbert 1980a). Locally, in the area northwest 
of Ulan, the upper part of the Illawarra Coal Measures has been eroded and the Narrabeen Group 
rocks rest unconformably and erosively on the Ulan Coal. Further west, the Narrabeen Group 
rests directly on the Ulan Quartz Monzonite. 

Deposition in the Sydney-Bowen Basin resumed in the Early Triassic when major alluvial 
systems generated by erosion in the uplifted New England Fold Belt prograded south and 
southwest over the eroded surfaces of the Permian sediments. Thick conglomerate sequences 
formed by large alluvial fans and the associated outwash sediments spread across the Hunter–
Mooki Fault System to create the Munmorah and Widden Brook Conglomerates in the Hunter 
Valley, and the Bomera Conglomerate Member of the Digby Formation in the southeastern 
Gunnedah Basin. These conglomerates pass laterally into pebbly sand outwash deposited ahead 
of the fans, and gradually becoming sandier along the western margins of the Sydney Basin (see 
Herbert 1980a). 

In the south, the Triassic Scarborough and lower Bulgo Sandstones are finer grained with an 
increased proportion of interbedded shaly units. Red, green and grey claystone and siltstone, 
representing fine-grained outwash and overbank sediments, are often intercalated with or 
overlain by conglomeratic sediments deposited by the advancing braided streams and alluvial 
fans; the Stanwell Park Claystone and Wombarra Claystone in the south, the Dooralong Shale in 
the east, and the Caley Formation in the west. 

Deposition continued during the Triassic in the Sydney Basin, but with significant changes in 
stream gradient and flow direction. In the northern part, low-gradient streams flowed to the 
southeast parallel to the basin axis and deposited large quantities of fine-grained red and green 
overbank sediments, the Tuggerah Formation and Patonga Claystone. The western margin 
received more quartzose sediments at that time resulting from reactivation of uplift in the 
Lachlan Fold Belt in the west, with deposition of the Banks Wall Sandstone in the western 
Sydney Basin (Bembrick 1983) and the Wollar Sandstone Member of the Digby Formation. 
Widespread palaeosol horizons formed on top of the Gunnedah Basin deposits at the end of that 
phase (Jian 1991). These have been attributed to equilibrium conditions between loading by the 
overthrust New England Fold Belt and a forebulge development in the craton (Jian and Ward 
1993). 

Renewed basin subsidence resulted in deposition of the Triassic Napperby Formation in the 
Gunnedah Basin. The basal section comprises laminated siltstone and claystone deposited in a 
very extensive lake. Well developed upward-coarsening sequences of laminated 
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siltstone/claystone, interbedded sandstone/siltstone laminites to sandstone, derived from the New 
England Fold Belt, form the middle part of the sequence. Those units represent progradation of 
lacustrine deltas. The upper part consists of fluvially deposited, irregularly interbedded sandstone 
and siltstone sequences. Jian and Ward (1993) believed that contemporaneous volcanic activity in 
the New England Fold Belt produced the very distinctive green sandstone of the Deriah 
Formation at the top of the Triassic sequence. 

Subsidence in the Sydney Basin caused limited transgression and an upward transition to fluvio-
deltaic deposition of the upper Narrabeen Group (Newport and Terrigal Formations). Sediments 
derived from the New England Fold Belt did not reach the southern and western basin areas. 
Instead, thick claystone-siltstone red beds of the Bald Hill Claystone and Wentworth Falls 
Claystone Member were deposited. These are likely to have been formed as terrestrial piedmont 
deposits (Herbert 1980a). 

Uplift of the Lachlan Fold Belt to the southeast of the Sydney Basin caused tilting and erosion of 
the Late Permian and Early to Middle Triassic sedimentary units in the southern Sydney Basin, 
and the subsequent deposition of coarse quartzose sand (Hawkesbury Sandstone). The sand was 
probably derived from Late Devonian quartzites in the Lachlan Fold Belt. Tilting of the Basin to 
the northeast resulted in easterly and northeasterly current directions (Standard 1964; Herbert 
1980a), which indicate that sediment was supplied from immediately west of the Sydney Basin. 

Lithologies equivalent to the Hawkesbury Sandstone are not present in the Gunnedah Basin. This 
is because the New England Fold Belt remained the dominant source of sediments to that part of 
the basin complex at that time (Jian and Ward 1993). 

The last phase of tectonic development of the Sydney Basin is attributed to “shutting-off” of 
quartzose sand supply from the Lachlan Fold Belt, and to rapid subsidence of the Hawkesbury 
alluvial plain. This resulted in the deposition of the Wianamatta Group. Herbert (1980a, b) 
related the deposition of the Wianamatta Group to a single regressive cycle. The Napperby 
Formation in the Gunnedah Basin is a gross regressive cycle from lacustrine to delta and 
ultimately to fluvial sedimentation, with the main sediment source being the New England Fold 
Belt (Photographs  3-l, 3-m, 3-n). 

Hamilton et al. (1988) noted that a major mid-to Late Triassic episode of compressive 
deformation caused reverse faults and uplifted small blocks from which the upper part of the 
Napperby Formation was removed. They also suggested that up to 2000 metres of Triassic and 
Permian sedimentary section had been removed in the southeastern part of the Gunnedah Basin 
during that period of erosion. This episode of deformation terminated deposition in the Sydney-
Gunnedah Basin. In the Warialda Trough, the Early Triassic Dumboy-Gragin Granite is non-
conformably overlain by the mid to Late Triassic sediments. It is estimated that in excess of 1000 
metres of the New England Fold Belt rocks were eroded in less than 20 million years. The trough 
sediments comprise the Mid-Triassic Gunnee and Gragin Conglomerates that were deposited in a 
high energy valley-fill and braid stream environment (Bourke 1980). 
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Photograph 3-f. Porcupine Formation west of 
Gunnedah. 

 
Photograph 3-g. Exposure of the Melville Coal 
Seam west of Gunnedah. 

 
Photograph 3-h. Plant fossils exposed in a roadbase quarry within the Trinkey Formation 
(previously the Dunedoo Formation) 15 kilometres southwest of Coolah (GR 746490 6460649). 
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Photograph 3-i. Sandstone, shale and conglomerate of the Narrabeen Group exposed in a road 
cutting near Gulgong (GR 744634 6446305). 

 

 
Photograph 3-j. Digby conglomerate containing rounded clasts of jasper, quartzite and quartz (GR 
791172 6575037). 
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Photograph 3-k. Ripple marks in the fine-grained sandstone of the Napperby Formation (GR 
789752 6571531). 

 
 

 
Photograph 3-l. Sandstone beds of the Napperby Formation (GR 723867 6527780). 
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Photograph 3-m. Cross-bedding and slumping in sandstone of the Napperby Formation north of 
Narrabri (GR 557545 6638621).  

 

 
Photograph 3-n. Thin-bedded shales of the lower part of the Napperby Formation south of 
Coonabarabran. (GR 71775 6477482)  
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3.2.4 Mesozoic Igneous Rocks  
 

MESOZOIC IGNEOUS ROCKS 
Occur in two major centres: 
§ Garrawilla Volcanics outcrop mainly in the Coonabarabran-Mullaley-Gunnedah areas, 
§ Undifferentiated intrusions south of Dubbo 
Derived from crustal extension 
Mark the base of the Surat Basin 
Include alkaline magmas ranging in composition from basalt to rhyolite 
Occur as series of lava flows and pyroclastic flows and as volcanic plugs 

 

Introduction  
In the Late Triassic a tensional tectonic regime caused by the break up of Gondwanaland 
reactivated the deep crustal fractures formed in the Permian. These reactivated fractures 
provided a pathway for lavas and intrusions (Martin and Tadros 1990). The Mesozoic volcanic 
event in the BBSB commenced in the Middle to Late Triassic and continued into the Early 
Cretaceous (Pratt 1998; Meakin and Morgan 1999). The spread of dates possibly reflects a 
lengthy period of intermittent volcanism. Figure 3-k shows the outcrop extent of the Mesozoic 
igneous rocks in the BBSB. 
 
Although similar in age, two as yet uncorellated groups of Mesozoic igneous rocks are mapped 
in the BBSB. These rocks are: 
§ Garrawilla Volcanics (Jgv), which includes the Glenrowan Intrusives (Jgi) and the Bulga 

Complex (Jbi); and 
§ undifferentiated Mesozoic intrusions and volcanics (Ma, Mb, Mg, Mt and Mw). 

Garrawilla Volcanics 
Units constituting the Garrawilla Volcanics in the BBSB can be traced via outcrop and water 
bore information from Willow Tree (southeast) (Dulhunty 1939) to Narrabri (northeast) 
(Dulhunty 1968) to Gulargambone (west) (Watkins and Meakin 1996). Isotopic age dates for 
the units of this group of intrusions and volcanics range from 119 Ma to 218 Ma (Pratt 1998). 
The imaged aeromagnetic data shows numerous areas of “mottled” appearance, which is 
inferred to be the expression of the subsurface distribution of the Garrawilla Volcanics. 
 
The Late Triassic to Cretaceous Bulga Complex, Glenrowan Intrusives, and Garrawilla 
Volcanics have been differentiated in the mapping for the BBSB. In a comprehensive study of 
the Garrawilla Volcanics by Bean (1974) two additional magma types (Nombi Extrusives and 
Tambar Intrusives) were identified but not mapped because of their local extent. 
 
The extrusive units of the Garrawilla Volcanics (Jgv) comprise a range of compositions from 
alkali basalt to soda trachyte (Bean 1974). Flows range from extremely vesicular types to non-
vesicular fine-grained types with marked flow structure. Individual flows range in thickness 
from one to eight metres and their near-horizontal, overlapping attitude suggests eruption from 
several isolated vents or fissures. Products formed from explosive volcanic activity (ash clouds 
and debris flows) are also common. The products from the debris flows are both widespread and 
interbedded with flows, or form irregular masses presumably at the centres of activity (Bean 
1974). 
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Figure 3-k. The surface distribution of Mesozoic Igneous Rocks in the BBSB. 
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Sills and dykes of alkali dolerite and microsyenodolerite that constitute the Glenrowan 
Intrusives (Jgi) are widespread throughout the Gunnedah Basin (see Photograph3-o). Units of 
the Glenrowan Intrusives intrude the volcanic pile (cut the stacked flows of volcanics) as well 
as units of the underlying Gunnedah Basin, and Lachlan Fold Belt. Texturally, the Glenrowan 
Intrusives are medium- to coarse-grained and lack flow structure. Sills of Glenrowan Intrusives 
are often found following seams of Permian coal. 
 
Massive flows and lava domes (Photograph 3p) of microsyenite, phonolitic trachyte and 
phonolite of the Bulga Complex (Jbi) form prominent topographical features to the south and 
west of Mullaley. The Bulga Complex lava flows appear to have been extruded quiescently due 
to a low volatile content and occur as massive flows of silica-rich felsic differentiates. 
Furthermore, the extrusive units constituting the Bulga Complex represent the final stage in the 
Garrawilla volcanic event. 
 

Undifferentiated Intrusions and Volcanics 
A series of Mesozoic intrusions and volcanics in the southern BBSB are scattered from 
southwest of Dubbo to north of Scone. Compositions range from basalt (for example units Mb, 
Mw) to alkali diorite (Md) to latite (Mg) to trachyte, syenite and phonolite (Mt, Ma, Mg). In the 
Dubbo area, the intrusions are aligned along large-scale conjugate lineament sets (east-north-
east and north-west) which are evident on Landsat imagery. The igneous pulses of different 
composition (represented by different groups) may represent magma from decreasing depths in 
progressively thinning continental crust (Meakin and Morgan 1999). Isotopic age dates for the 
units of this group of intrusions and volcanics range from at least 170 Ma (Dulhunty 1976) to 
236 Ma (Meakin and Morgan 1999). A table of isotopically age-dated units constituting the 
undifferentiated Mesozoic intrusions and volcanics can be found in Meakin and Morgan (1999). 
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Photograph 3-o. Columnar jointing in a thick, coarse-grained sill, part of the Glenrowan 

Intrusives, 17 kilometres west of Gunnedah (GR 794300 6564000). 

 
 

 
Photograph 3-p. Lava domes consistuting the Bulga Complex 15 kilometres southwest of 

Mullaley (GR 764455 6544924). 
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3.2.5 Surat Basin (part of the Great Australian Basin)  
 

SURAT BASIN  (Early Jurassic – Early Cretaceous): 
§ is a structural sub basin of the Great Australian Basin 
§ covers an area of approximately 108 000 square kilometres 
§ extends from east of Warialda, southwest to Dubbo, southeast to Merriwa and west to Bourke 
In NSW the Surat Basin has been divided into six sub-basins: 
§ the Boomi Trough, Lightning Ridge Shelf, Coonamble Embayment, Oxley Basin, Rawdon Ridge, 

Warialda Trough (upper part) 
SURAT BASIN (Middle Triassic – Early Cretaceous) 
§ unconformably overlies sediments of the Gunnedah Basin and Tamworth Belt rocks of the New 

England Fold Belt in the northeast and rocks of the Lachlan Fold Belt in the southwest 
§ sediments deposited in an Early Jurassic-Early Cretaceous continental basin 
§ contains early fluvial sediments and terrestrial volcanics and later sequences formed as the sea 

entered and retreated from the basin. The sequences have been folded into very gentle regional 
anticlines and synclines 

§ Mid Triassic to Jurassic Garrawilla Volcanics form the base of the Surat Basin (alkali basalt flows, 
pyroclastic rocks and claystone) 

§ Continental river and lake deposits of the Early to Middle Jurassic Purlawaugh Formation conformably 
overlies the Garrawilla Volcanics in many areas 

§ Coarse-grained, quartzose Late Jurassic Pilliga Sandstone was deposited by a braided stream 
system over the Purlawaugh Formation 

§ Pilliga Sandstone crops out over much of the BBSB – stratigraphic equivalents extend to Queensland 
and Clarence Moreton Basin 

§ Latest Jurassic – Early Cretaceous Keelindi beds were deposited in a floodplain, meandering, fluvial 
environment. They conformably overlie the Pilliga Sandstone in places and represent the transition 
from the braided stream environment of the Pilliga Sandstone to the floodplain of a meandering river 
system. A simplified stratigraphic nomenclature has been adopted (Keelindi beds is stratigraphic 
equivalent of the Orallo Formation, Mooga Sandstone and the lower-most part of the Bungil 
Formation) and in part is equivalent to the Early Cretaceous Blythesdale Group (Orallo, Mooga, Bungil 
Formations) 

§ The Early Cretaceous Drildool beds comprise lithic sandstone, siltstone, mudstone and minor thin 
seams of coal that were deposited in a coastal plain to inter-tidal environment 

§ Late Early Cretaceous clays and claystone of the Rolling Downs Group was deposited by major 
marine transgression – regression cycle 

Introduction  
The Surat Basin is a sub-basin of the Jurassic-Cretaceous Great Australian Basin which 
occupies 1.7 million square kilometres of eastern Australia. The Great Australian Basin is a 
composite structural basin of Jurassic to Cretaceous age. In New South Wales it consists of 
three individual structural basins, the Eromanga, Surat and Clarence-Moreton Basins (see figure 
3-c). 
 
The Surat Basin straddles the border of New South Wales and Queensland. Approximately 40 
percent of the basin is in New South Wales. In New South Wales it is a dominantly flat-lying 
sequence of mainly terrestrial clastic sedimentary rocks, with thicknesses up to 1800 metres. 
These have undergone minor warping. The evolution and structural history of the basin is 
summarised in Stewart and Alder (1995). 
 
The New South Wales part of the Surat Basin has been divided into six structural units (Figure 
3-l): the Boomi Trough, the Lightning Ridge Shelf, the Coonamble Embayment, the Oxley 
Basin, the Rawdon Ridge and the Warialda Trough (Bourke, Hawke and Scheibner 1974; 
Hawke and Cramsie 1984). However, the BBSB includes only the Jurassic and Cretaceous 
sedimentary rocks of the Coonamble Embayment and Warialda Trough. 
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Figure 3-l Location of structural elements for the Surat Basin in New South Wales (modified 
Bourke, Hawke and Scheibner 1974). 
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The Surat Basin sedimentary sequence, of Jurassic and Cretaceous age, unconformably overlies 
the Permian and Triassic sedimentary rocks of the Sydney-Gunnedah-Bowen Basin and rocks of 
the Lachlan and New England Fold Belts, and the Triassic rocks 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. 
 
The surface distribution (Figure. 3-m) of the rocks within the Surat Basin was mapped using 
available existing geological mapping, Landsat 7 panchromatic and multispectral satellite 
images, digital terrain modelling, ternary (K – potassium, Th – thorium, U – Uranium) and 
single band radiometric images, and gravity and magnetic images. A limited amount of field 
validation was undertaken. 
 
The stratigraphy and geologic history of the Surat Basin is summarised below. A north-south 
cross-section of the Surat Basin in New South Wales is provided in figure 3-n. Figure 3-o is a 
graphic illustration of the stratigraphy of the area. 

 

Depositional History 
In the southern part of the Coonamble Embayment in the BBSB, Middle Triassic to Early 
Cretaceous Garrawilla Volcanics form the basal unit of the Surat Basin sequence and crop out 
in the Narrabri area as well as to the south near Mullaley and Coonabarabran. The volcanic 
sequence consists of up to 180 metres of alkali basaltic lava flows, pyroclastic units and some 
claystones (Bean 1974). 
 
Early to mid-Jurassic river and lake sediments of the Purlawaugh Formation overlie the 
Garrawilla Volcanics and consist of up to 75 metres of thinly bedded carbonaceous mudstone, 
silty sandstone and subordinate coal. Where the Garrawilla Volcanics are absent, the 
Purlawaugh Formation unconformably overlies the Triassic sedimentary rocks of the Gunnedah 
Basin sequence. In the north of the BBSB, the quartzose sandstone of the Middle Jurassic 
Hutton Sandstone, (a stratigraphic equivalent of the lower part of the Purlawaugh Formation), 
was deposited unconformably over the Triassic Gunnee Formation and Gragin Conglomerate, 
and in other places, over the Devonian and Carboniferous rocks of the northern Tamworth Belt. 
Also in the north of the BBSB, the Walloon Coal Measures, (a stratigraphic equivalent of the 
upper part of the Purlawaugh Formation), was deposited conformably over the Hutton 
Sandstone by meandering streams and in lakes and swamps. 
 
The Middle to Late Jurassic, continental, medium to coarse-grained fluvial Pilliga Sandstone 
was deposited by a braided stream system over the Purlawaugh Formation. The Pilliga 
Sandstone is widespread in the BBSB and crops out over much of the northern portion of the 
Dubbo 1:250 000 map sheet area and much of the Gilgandra, Narrabri and Inverell 1:250 000 
map sheet areas. Stratigraphic equivalents extend to Queensland and the Clarence Moreton 
Basin. 
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Figure 3-m. The surface distribution of the Surat Basin in the BBSB. 
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The latest Jurassic – Early Cretaceous Keelindi beds (stratigraphic equivalents of the Orallo 
Formation, Mooga Sandstone and lowermost Bungil Formation) conformably overlie the Pilliga 
Sandstone in places. They represent the transition from the terrestrial braided stream 
environment of the Pilliga Sandstone to the floodplain of a meandering river system. In the 
Early Cretaceous, regional subsidence allowed the sea to invade most of the Surat Basin. The 
uppermost part of the Keelindi beds are marginal marine in nature, indicating an Early 
Cretaceous retreat of the sea. 
 
The late Early Cretaceous Drildool beds were deposited in a coastal plain to intertidal 
environment, containing mudflats, tidal channels and marshy areas inshore from the tidal mud 
flats. The rocks deposited in this depositional environment consist of fine-grained lithic 
sandstone, interbedded with siltstone, mudstone, and minor thin seams of coal. 
 
Late Early Cretaceous clays and claystone of the Rolling Downs Group were deposited during 
periods of marine regression, further transgression, and final regression of the sea. 
 
Following deposition of the Early Cretaceous sediments of the Rolling Downs Group in the 
Surat Basin, there was a lengthy period of tectonic and climatic stability in the Late Cretaceous 
to Early Tertiary. The land surface was worn down by erosion to an almost flat plain and 
surface sediments were weathered to depths of up to 100 metres. This weathered zone formed 
due to kaolinisation, silicification and ferruginisation of the feldspathic and argillaceous 
sediments of the Rolling Downs Group but can also be recognised in other units which were 
close to the surface at the time. 
 

Stratigraphic Descriptions 
Following are descriptions of the stratigraphic units that have been mapped in the Surat Basin as 
part of the BBSB study. The stratigraphic relationships of these units are shown in figure 3-o. 
 
Detailed descriptions of the units that comprise the New South Wales portion of the Surat 
Basin, can be found in Bean (1974), Bourke (1977 1980), Ardito (1982), Hawke and Cramsie 
(1984), Stroud (1990), Watkins and Meakin (1996) and Pratt (1998). 
 

Early – Late Jurassic 

GarrawillaVolcanics (Jgv) 
The Garrawilla Volcanics are regarded as the basal unit of the Surat Basin but form part of a 
Mesozoic igneous episode which is separately described in the section called Mesozoic Igneous 
Rocks. The Garrawilla volcanic event commenced in the Middle - Upper Triassic and continued 
into the Early Cretaceous (Pratt 1998). These dates reflect a lengthy period of intermittent 
volcanism. 
 
The Garrawilla Volcanics outcrop in the Surat Basin of the BBSB on the Narrabri, Manilla, 
Gilgandra, Tamworth and Dubbo 1:250 000 map sheet areas. The imaged aeromagnetic data 
shows numerous areas of “mottled” appearance which is inferred to be the expression of the 
subsurface distribution of the GarrawiIla Volcanics. They have also been intersected by 
numerous bore holes. 
 
The Garrawilla Volcanics have been described as the result of intense, partly explosive volcanic 
activity from numerous centres and are intermediate in character, and constitute a lava field 
(Martin 1990). 
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Figure 3-n. North-south cross-section of the Surat Basin in New South Wales (from Scheibner and 
Basden 1998). 
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Figure 3-o. Stratigraphic sequence of the Surat Basin in the BBSB. 
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The Garrawilla Volcanics comprise flows of various types of alkali basalts and related rocks 
(alkali basalt, hawaiite, mugearite and soda trachyte). Flows range from extremely vesicular 
types to non-vesicular fine-grained types with marked flow structure. Individual flows range in 
thickness from less than one metre to eight metres and their near-horizontal, overlapping 
attitude suggests eruption from several isolated vents or fissures. Pyroclastic units of lapilli tuff 
and volcanic agglomerate are common. The pyroclastics are either widespread and interbedded 
with flows, or form irregular masses presumably at the centres of activity (See Photographs 3-o, 
3-p) in previous section). 
 
The Garrawilla Volcanics are further described in the previous chapter on Mesozoic Igneous 
Rocks. 
 

Purlawaugh Formation (Jpu) 
The Purlawaugh Formation occurs discontinuously between the Garrawilla Volcanics and the 
overlying Pilliga Sandstone. The Purlawaugh Formation is characterised by poor outcrop and 
generally underlies gently undulating topography. Deposition of the Purlawaugh Formation 
appears to have been restricted to the eastern parts of the Surat Basin. In the west, the basal unit 
of the Surat Basin succession is the Middle to Late Jurassic Pilliga Sandstone. 
 
The Purlawaugh Formation comprises thinly bedded, fine to medium-grained, lithic, readily 
weathered (labile) sandstone interbedded with siltstone and mudstone. Lithological logs 
describe the Purlawaugh Formation as predominantly shale with minor sandstone and coal. The 
sandstones are of low porosity and permeability. The argillaceous sediments weather readily to 
uniform grey, very soft, clayey exposures often containing thin bands of “ironstone”. 
Carbonaceous fragments are abundant, but actual coal exposures are extremely rare 
(photographs 3-q, 3-r). 
 
The unit is terrestrial and possibly represents either an aggradational plain, or extensive flat 
valley infill environment with mainly marshy, lacustrine, and interdistributary facies 
represented. The relationship to the episodic and possibly in part concurrent, Garrawilla 
volcanism, is not well known, although much of the material comprising this unit has probably 
been derived from erosion of the Garrawilla Volcanics terrain. 
 
The age of the Purlawaugh Formation is interpreted to be Early to Middle Jurassic. It onlaps and 
overlies the Garrawilla Volcanics. However, in some places where the Garrawilla Volcanics are 
not present, the Purlawaugh Formation directly overlies the Triassic rocks of the Gunnedah 
Basin. 
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Photograph 3-q. Exposure of Purlawaugh Formation consisting of grey clay overlain by medium 
grained lithic sandstone (GR 752757 6448206). 

 
Photograph 3-r. Exposure of Purlawaugh Formation consisting of grey clay overlain by fine-
grained quartz lithic sandstone (GR 710275 6476132). 
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Talbragar Fossil Fish bed (Juf) 
The Talbragar Fossil Fish bed, which is a sub-unit of the Purlawaugh Formation, has very 
limited outcrop and is only exposed over a strike length of about 800 metres in a number of 
discontinuous outcrops located in the vicinity of GR 753090 6437910, 26 kilometres north-east 
of Gulgong. It lies within the Purlawaugh Formation. Because of its limited extent the Talbragar 
Fossil Fish bed is preserved as an informal name only. 
 
The unit is described as “a hard limonitic cherty-shale containing Jurassic plant and fish fossils 
perfectly preserved with moderate compression parallel to the bedding”. The unit forms surface 
float of flat cobble-sized blocks and slabs of laminated light to mid-brown cherty siltstone with 
concentric colour band. They are abundantly fossiliferous, containing fish and freshwater flora. 
Dulhunty and Eadie (1969) believe the Talbragar Fossil Fish bed to be no more than 60 
centimetres thick and to represent a short-lived freshwater lake deposit. The age of the fossil 
assemblage has been tentatively given as Late Jurassic. 

Hutton Sandstone (Jhs) 
Outcrops of Hutton Sandstone can be found in the north of the BBSB, near Warialda. In some 
areas south of Warialda, the unit forms the residual cappings on some hills, while northwest of 
Warialda, the unit forms small cliffs up to five metres high. 
 
The Hutton Sandstone is predominantly a well-sorted, medium to coarse-grained quartzose 
sandstone that contains some siltstone and mudstone, fragments of coal and silicified wood (see 
photographs 3-s, 3-t). Beds of medium to very coarse-grained pebbly, quartzose to labile 
sandstone, and conglomerates are also present. The Hutton Sandstone is a wedge-shaped unit, 
increasing in thickness 12 kilometres east of Warialda and attaining a maximum known 
thickness of 275 metres. 
 
The Hutton Sandstone was rapidly deposited by fast-flowing streams. Sediment source was 
probably Triassic sediments and parts of the New England Fold Belt. The central parts of the 
unit were probably deposited as overbank sediments, and marsh and peat accumulations. The 
uppermost sediments were deposited in an active fluvial environment. It is Early to Middle 
Jurassic in age. 
 
In the Warialda Trough, the Hutton Sandstone paraconformably overlies the Gragin 
Conglomerate. West of the Peel Fault, on the Rawdon Ridge, the Hutton Sandstone 
unconformable overlies the Carboniferous and Devonian sediments of the Tamworth Belt. This 
unconformity can be observed near Warialda. 
 
Hutton Sandstone has also previously been mapped southwest of Warialda in the Terry Hie Hie 
area. New information provided by radiometrics has led to a re-evaluation of the identification 
of this unit. The sandstone unit in this area has a distinctive radiometric signature that 
corresponds closely to the signature of the Pilliga Sandstone and therefore, in this vicinity, the 
unit has been mapped as Pilliga Sandstone. Hutton Sandstone has been intersected in drilling 
(DM Rawdon DDH1A, Mt Pleasant No. 1) to the west of Terry Hie Hie (see Stewart and Alder 
1995) and so it is interpreted to thin at the basin margin and is onlapped by the younger Pilliga 
Sandstone (see figure 3-p). The unit is extensive in the subsurface on the St George, 
Goondiwindi, northeastern Moree, and northwestern Inverell 1:250 000 map sheet areas. The 
unit is extensively developed in Queensland (Exon 1980). 
 
Over much of the area, the Walloon Coal Measures conformably overlie the Hutton Sandstone. 
The contact between these two units appears to be transitional. 
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Photograph 3-s. Exposure of coarse-grained pebbly Hutton Sandstone on hill top west of Warialda 
(GR 843956 6725782). 

 

 
Photograph 3-t. Conglomerate channel deposit within the Hutton Sandstone containing a small log of 
petrified wood (top right of centre) (GR 822256 6735602). 
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Figure 3-p. East-west cross-section of the Surat Basin in New South Wales (modified after 
Scheibner and Basden 1998). 

Walloon Coal Measures (Jwx) 
In the BBSB, the Walloon Coal Measures crop out very poorly. The unit readily weathers to a 
clayey soil with a gentle, almost flat topography. The unit crops out along the margin of the 
Surat Basin near Warialda generally in creeks and gullies. In the subsurface, the Walloon Coal 
Measures have been intersected in water bores, stratigraphic drill holes, and in exploration drill 
holes. 
 
In the few rare outcrops in the area, the unit consists of soft, friable, fawn to khaki-coloured 
clay. Outcrops are often crossed with white calcareous veins and in some places display 
vestiges of bedding and relict lithic sand grains. 
 
In the subsurface, the Walloon Coal Measures consist of grey to speckled-grey, lithic, labile 
sandstone, granular to pebble conglomerate; grey siltstone; medium to dark-grey and chocolate-
brown mudstone; and dull-brown to shiny black coal. The unit is carbonaceous throughout, but 
coal seams are more abundant at the top (Bourke 1980). In general, the lower beds consist 
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mainly of fine-grained lithic sandstone, and the upper beds are dominantly fine-grained lithic 
sandstone, siltstone, and mudstone interbedded with minor carbonaceous claystone and coal. 
 
In the BBSB, the Walloon Coal Measures thicken northwards to over 180 metres in the 
subsurface. 
 
The Walloon Coal Measures were deposited by meandering streams and in lakes and swamps. 
There appears to be an increase upsection, in the proportion of volcanic detritus present. 
Widespread volcanism from concurrent Jurassic volcanism is the preferred sediment source. 
 
A Middle Jurassic age has been assigned to the Walloon Coal Measures. 
 
The Hutton Sandstone is conformably overlain and overlapped by the southward thinning Mid 
Jurassic Walloon Coal Measures. The Walloon Coal Measures are conformably overlain by the 
Jurassic Pilliga Sandstone. 

Pilliga Sandstone (Jps) 
The Pilliga Sandstone is almost ubiquitous in the subsurface of the Surat Basin in New South 
Wales, and crops out extensively along the eastern and southern basin margins. Where 
geomorphic conditions are suitable, such as on areas of the Gilgandra and northern Dubbo 
1:250 000 sheets, the unit forms very steep cliff faces, which from valley floor to ridge line may 
embrace over 200 metres of section. Typical cliff faces range form 10 metres to 100 metres high 
(Photograph 3-u). Away from cliff faces and other areas of outcrop, the unit weathers to a 
distinctive sandy soil forming colluvial aprons which are typically vegetated in the northern 
areas by cypress “pine” forests. 
  
In the subsurface, the unit dips to the northwest as shown by water bore intersections. The 
nature of the geophysical response of the Pilliga Sandstone (particularly the gamma ray 
response) is well documented in cored stratigraphic holes in the eastern portion of the Great 
Australian Basin (Hawke and Cramsie 1984). The bulk of the Pilliga Sandstone exhibits an 
overall low gamma response but with numerous narrow bands of medium to high radiation 
level. 
 
The Pilliga Sandstone consists almost entirely of a medium- to very coarse-grained, well-sorted, 
quartzose sandstone. Quartz grains are angular to subangular. Large-scale tabular and trough 
cross-bedding is common (Photograph 3-v). Grading within cross-sets is common. Very minor 
interbeds of mudstone, siltstone, and fine-grained sandstone occur sporadically in the unit. 
While the unit is typically very porous and may contain up to 95% quartz, frequently the pore 
spaces are filled with a white clayey matrix which probably formed from the breakdown of 
feldspar. Lithic grains are rare, but rounded chert and quartzite pebbles are common, often 
forming thin conglomeratic layers or basal lags at the base of channels (Photograph 3-w). Iron 
staining is common. 
 
The Pilliga Sandstone is overlain by the Keelindi beds or stratigraphic equivalents (Orallo 
Formation, Mooga Sandstone and the lowermost part of the Bungil Formation). The contact is 
gradational, and limited cored holes penetrating the boundary indicate that the Pilliga Sandstone 
passes upwards gradually into sublabile to labile, occasionally crossbedded clayey sandstone 
with interbedded siltstone and mudstone, assigned to the Orallo Formation, a stratigraphic 
equivalent of the lowermost Keelindi beds. 
 
The lithology of the Pilliga Sandstone is in marked contrast to the underlying Purlawaugh 
Formation. Cross stratified beds of coarse sandstone, with a high degree of sorting, dominate 
the sequence and indicate a fluvial environment with considerable reworking of the sediment. 
Scour contacts can be observed at the top and bottom of individual sand bodies. Much of the 
unit was probably deposited in braided streams with the minor interbeds of siltstone and 
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mudstone representing channel fill deposits. The sudden and widespread onset of fluvial 
sedimentation indicates a Middle to Late Jurassic rejuvenation of the source region by uplift.  
 
The Pilliga Sandstone overlies the Purlawaugh Formation and in some areas, is onlapped by 
Cretaceous sediments (Keelindi beds). The Pilliga Sandstone is therefore Middle to Late 
Jurassic in age. 
 
 
 

 
Photograph 3-u. Cliffs of Pilliga Sandstone (GR 707403 6544722). 
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Photograph 3-v. Cross-bedded quartz sandstone (Pilliga Sandstone) (GR 715901 6578533). 

 

 
Photograph 3-w. Cross-bedded quartz sandstone with channel lags (Pilliga Sandstone) (GR 719509 
653883). 



September 2002 Geology Integration and Upgrade DMR WRA 19 

 67 

Late Jurassic-Early Cretaceous 

Keelindi beds (JKlk) 
The name “Keelindi beds” was proposed by Hawke and Cramsie (1984) for the numerous sands 
thought to be equivalent to the Orallo Formation and the Mooga Sandstone. The new name was 
proposed because of the difficulty of distinguishing the Orallo Formation and the Mooga 
Sandstone in the southern Coonamble Embayment. The nomenclature of Hawke and Cramsie 
(1984) has ben adopted for the units of Late Jurassic to Early Cretaceous age above the Pilliga 
Sandstone over the whole of the BBSB. 
 
The unit crops out on the Gilgandra, Inverell and Narrabri 1:250 000 map sheet areas. Due to 
the labile to sublabile character of the Keelindi beds, the unit weathers readily and fresh outcrop 
is often masked by sandy colluvial aprons and soil mantles. 
 
The Keelindi beds in the Narrabri map sheet area are a series of discontinuous lensoidal 
sandstones interbedded with shales. The sandstones are coarse-grained, cross-bedded, well-
sorted porous quartz sandstones and are described as labile to sublabile with a calcium 
carbonate cement (See photographs 3-x, 3-y, 3-z). Rare beds of carbonaceous shale, peat and 
thin coal bands are also found. The Keelindi beds are off-white in colour, weathered and 
kaolinitic, with iron staining common throughout. Rare silicified wood derived from coniferous 
species have also been found. In the north of the BBSB mapping of this unit was assisted 
significantly by use of an airborne radiometric ternary image (K, Th, U) with an enhanced 
potassium band. This enabled the Keelindi beds to be more readily distinguished from the 
Pilliga Sandstone although the differences between these units was not so readily observed in 
the field. In the south of the BBSB the enhanced ternary image was less effective in 
distinguishing the boundary between the units. It is speculated that this may be due to a change 
in sediment provenance between the two areas and also to differing amounts of colluvial and 
residual cover. 
 
The thickness of the unit is poorly known, but its maximum thickness is probably of the order of 
200 metres and it thins towards the basin margin. 
 
The Keelindi beds represent a change from the underlying high-energy braided stream regime 
of the Pilliga Sandstone, to that of a meandering river system with extensive floodplains. 
Marshland and lacustrine facies are also present, but only to a limited extent. Watkins and 
Meakin (1996) suggest that marginal marine conditions existed for a time. 
 
The Keelindi beds are interpreted to be lateral equivalents of the Orallo Formation, Mooga 
Sandstone and part of the Bungil Formation (Hawke and Cramsie 1984). Based on this 
relationship their age ranges from Late Jurassic to Early Cretaceous. 
 
The contact between the Pilliga Sandstone and the overlying Keelindi beds is not found in 
exposures; however, it can usually be determined on gamma ray logs of boreholes with a high 
degree of certainty. 
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Photograph 3-x. Quartz lithic sandstone of the Keelindi beds displaying ripple marks on the bedding surface 
near Baradine (GR 678201 6567007). 

 
 

 
Photograph 3-y. Weathered, iron stained, quartz lithic sandstone of the Keelindi beds 
 near Warialda (GR 843689 6740105) 
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Photograph 3-z.White calcareous stringers within very weathered quartz lithic sandstone of the 
Keelindi bed near Warialda (GR 846532 6731276). 

Drildool beds (Kld) 
The unit is the lateral equivalent of the dominantly marginal marine Bungil Formation. The new 
name 'Drildool beds' was proposed by Hawke and Cramsie (1984) to describe rocks in the same 
stratigraphic position, but south of what they postulated was the limit of marine influenced 
sedimentation, ie south of 30°S. However, this unit is in part marginal marine and marine-
influenced sedimentation extended as far south as 30°50’S (Watkins and Meakin 1996) 
 
The Drildool beds outcrop rarely in the Goondiwindi and Gilgandra 1:250 000 map sheet areas, 
but occur extensively in the subsurface throughout the BBSB portion of the Surat Basin. 
 
The unit consists of grey, fine grained lithic sandstone, laminated, interbedded, and intermixed 
with siltstone, mudstone, and minor thin seams of coal. There are sporadic pebbles and 
fragments of mudstone and coal, and also rare beds of mudstone breccia. An outcrop of 
mudstone breccia in the bed of the Namoi River on the Narrabri 1:250 000 map sheet, north 
north west of Pilliga (GR 674976  6649482) has tentatively been assigned to the Drildool beds 
(photograph 3-aa). 
 
The Drildool beds are 106 metres thick at the reference section locality in the Narrabri map 
sheet area but thin towards the basin margins. 
 
The unit was deposited in a coastal plain to intertidal environment. Mudflats and tidal channels 
are represented, but the coaly and carbonaceous portions of the sequence probably were 
deposited in marshy areas inshore from the tidal mud flats. 
 
The Drildool beds are interpreted to be the lateral equivalents of the marginal marine to marine 
Bungil Formation and are Early Cretaceous in age. 
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Photograph 3-aa. Outcrop of mudstone breccia exposed in creek bed, tentatively assigned to the Drildool 
beds (GR 674976 6649482). 

 

Rolling Downs Group (Klr) 
The Early Cretaceous Rolling Downs Group crops out rarely in the Goondiwindi, Moree, 
Inverell and Narrabri 1:250 000 map sheet areas of the BBSB. It comprises the southern part of 
an extensive ridge of Cretaceous rocks which extends north into Queensland. 
 
In the BBSB, the Rolling Downs Group is dominated by grey and brown clays and claystone. 
They are interbedded with minor fine quartz sands, which are loosely cemented with clays. Soft 
coals and carbonaceous fragments occur toward the base of the unit with minor blue-grey 
calcareous clays and calcarenite. Conglomerates and gravels are rare and were noted in 
boreholes and outcrop only at or near the basin margins. 
 
The basal unit of the Rolling Downs Group has been interpreted to represent sediments 
deposited in the first Early Cretaceous major marine transgression and regression. The Keelindi 
beds and Drildool beds are, however, in part marginal marine and indicate possibly two earlier 
minor marine transgressions. 
 
The Rolling Downs Group overlies the Drildool beds with apparent conformity. The top of the 
unit has been eroded and deeply weathered and is disconformably overlain in places by Tertiary 
and Quaternary sediments (Photograph 3-bb). 
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Photograph 3-bb. Deeply weathered claystone of the Rolling Downs Group (GR 649892 6653002). 
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3.2.6 Tertiary Sediments and Volcanics 
 

 
 

LATE CRETACEOUS WEATHERING AND EARLY TERTIARY SEDIMENTS 
Much of the Australian continent experienced long-lasting weathering during the Tertiary, some under 
tropical to sub-tropical conditions, resulting in deeply weathered profiles, often mantled with accumulations 
of ferricrete, calcrete and silcrete duricrusts. 
Duricrusts cap a variety of palaeosurfaces and crop out on the Narromine, Dubbo, Inverell map sheet 
areas. 
Tertiary sediments (gravel, sandstone) crop out on the Walgett, Nyngan, Moree, Inverell map sheet areas. 

 
TERTIARY VOLCANICS 

Two volcanic field types are recognised in the BBSB:  
§ central-volcanoes 
§ and lava-field provinces 
Central-Volcano Provinces 
§ are predominantly basaltic, but have felsic (rhyolite, trachyte or phonolite) flows and/or intrusions 
§ lavas and pyroclastics are extruded from central vents and result in large shield volcanoes 
Representatives in the BBSB include: 
§ Nandewar (Kaputar) 
§ Warrumbungle volcanoes. 
Lava Field Provinces 
§ Characterised by basalt lava flows extruded along fissures and dispersed eruptive centres without a 

clear central vent region. 
§ Predominantly alkaline basaltic rocks. 
Representatives in the BBSB include: 
§ Central province in the north 
§ Liverpool Range province in the southeast 
§ Dubbo province in the southwest. 
Erosion of the volcanic centres produced a series of valley which have filled with sediments (for example 
in the Liverpool Plains) 

Introduction 
Quiescent periods in the Late Cretaceous and earliest Tertiary resulted in deep weathering 
surfaces. Uplift associated with the onset of spreading for the Coral Sea in the Palaeogene 
(approximately 65Ma) 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 
volcanic provinces from the late Eocene to Miocene. Units constituting the Early Tertiary 
sediments and subsequent volcanics are developed on a basement of Lachlan Fold Belt, New 
England Fold Belt, Sydney-Bowen Basin and Surat Basin, and occupy large portions of the 
highest ground in the BBSB (Figure 3-q). The major Tertiary volcanic centres in the BBSB 
form part of a series of eruptive centres which extend from Queensland to Tasmania. 
 
The volcanoes and volcanic provinces were then eroded during the Late Miocene to the present 
to produce a number of wide valleys (Gates 1980). These valleys have been subsequently filled 
from the Late Miocene to the present with gravels, sands and clays. Figure 3-r. shows the 
geological model to explain the development for part of the BBSB in the Tertiary. 
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Figure 3-q. Surface distribution of Tertiary central volcanoes and provinces in the BBSB. 
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Late-Cretaceous to Early Tertiary Weathering 
A long period of low tectonic activity from in the Late Cretaceous to Early Tertiary resulted in 
low erosion rates in southeastern Australia and allowed the development of thick palaeosols 
(ancient soils). These palaeosols are manifest as deep residual soils, ferricretes (iron cemented) 
(Tf), and silcretes (silica cemented) (Ti) (Photograph 3-cc). 
 
A thick weathering zone interpreted to be of Late Cretaceous to Early Tertiary age in the 
northern and western portions of the BBSB is developed on the upper units of the Surat Basin. 
The weathered zone comprises an unconsolidated clay-rich layer up to 20 metres thick that 
forms the parts of the northwest slopes. The layer of clay differs from the more consolidated 
units of the Surat Basin, and is tentatively correlated with the Arckaringa Palaeosol of Firman 
(1988). In places, the clay layer on the northwest slopes may be sourced from the Arckaringa 
Palaeosol, and redistributed by subsequent colluvial processes. Palaeoenvironments for the 
formation of the Arckaringa Palaeosol were initial wet and cold climatic conditions that gave 
way to wet, then dry temperate conditions (Firman 1988). This resulted in a slow regression of 
the groundwater table, which was instrumental in developing the thick weathering profile 
(Williams 1990). Younger palaeosols in the Early Tertiary are associated with silcrete, and 
fericrete development (Firman 1988). 
 

 
Photograph 3-cc. Silcrete boulders containing abundant pieces of silicified wood, below Tertiary basalt 
cap seven kilometres southeast of Warialda (GR 851894 6723936). 

 

Early Tertiary Erosion and Deposition of Sediments 
Uplift of eastern Australia in the Early Tertiary has resulted in the partial dissection of the 
deeply weathered units of the BBSB. The dissection has resulted in the development of 
undulating country with shallow valleys (Gates 1980), as well as the development of deep 
valleys (Young et al 2002). The Tertiary sediments occur in the lower part of the developed 
Early Tertiary valleys. Gravels are the most common Early Tertiary sediment-type in the BBSB, 
indicating high-energy environments (photographs 3-dd, 3-ee). 
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Figure 3-r. Schematic representation of a generalised history for the development of the Mooki 
Valley (part of the Liverpool Plains) (after Gates 1980). 
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Photograph 3-dd. Cross-bedded fluvial sediments containing clasts of ironstone derived from the Purlawaugh 
Formation in an elevated terrace (possibly Tertiary in age) several hundred metres from the present day 
Talbragar River (GR 697980 6444903). 

 

 
Photograph 3-ee. Cross-bedded fluvial Tertiary sediments above the deeply weathered clay and claystone 
sequences of the Rolling Downs Group (GR 676737 6650514). 
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Tertiary Volcanics 
The eastern Australian Cainozoic basaltic province extends from northern Queensland to 
Tasmania. This Tertiary volcanism shows prominent southward migratory components which 
appear to originate from the 65 Ma Coral Sea spreading rift (Sutherland 1985). The volcanism 
was episodic and has been related to rifting, thermal upwelling and uplifts of the Tasman 
margin. Continental flood and ‘hot spot’ volcanism from the Eocene to Miocene then covered 
most of the BBSB. This volcanism was concentrated near zones of weakness at the convergence 
of deep structures (see interpretations of Gunn 2002 a,b). Five Tertiary volcanic centres can be 
observed in the BBSB. These centres are: 
§ Warrumbungle Volcanic Complex (west of Coonabarabran) 
§ Nandewar Volcanic Complex (east of Narrabri) 
§ Liverpool Range Volcanics (west of Murrurundi) 
§ Central Province (North of Warialda) 
§ A province near Dubbo 

Liverpool Range Volcanics (32-40Ma) 
Liverpool Range Volcanics (32-40 Ma) 
§ Largest lava-field province in NSW 
§ Presently covers about 6000 square kilometres and is 800 metres thick 
§ Alkali basalts predominate 
 
The Liverpool Range Volcanics crop out in the BBSB from Coolah to east of Murrurundi and 
occupies an area with dimensions of approximately 100 by 60 kilometres. The flows are of 
highly alkaline mafic to ultramafic composition up to three metres thick with an overall 
thickness of over 800 metres (Schön 1985). Relatively rare intrusive bodies of alkali olivine 
basalt composition are present. Schön (1985) has identified two different volcanoes in the 
Liverpool Range by both chemical composition and radiometric dates. The older volcanic 
centre (37.7-40.3 Ma) is to the east and the younger (32.3-35.1 Ma) is to the west. The 
sediments which have been mapped in the western portion edge of the Liverpool Range 
Volcanics (Tlg) have been interpreted from radiometrics and field investigations to be sourced 
from the earlier (older) volcano and are overlain by the western (younger) volcano. An apparent 
magnetic reversal of the earth’s magnetic field during the Early Eocene has been interpreted and 
mapped from aeromagnetic data in the western volcano (Tl1, Tl2) where the data has been 
available. 

Central Province (32-38Ma) 
Central Province 
§ Forms an elongate belt, capping New England Fold Belt and Surat Basin rocks 
§ Flows fill a dissected surface on the highland with relief up to 420 metres 
§ Alluvial and eluvial sediments containing significant gold and tin placers are buried beneath the 

younger basalts forming deep leads 
§ Volcanics include lavas and pyroclastics 
§ Crops out on the Inverell and Goondiwindi 1:250 000 map sheet areas. 
 
Outcrops of the Central Province cover a large portion of the landscape to the north and 
southeast of Warialda in the BBSB. The volcanic units of the Central Province are 
predominantly of alkali olivine basalt composition (Wilkinson 1969). Two distinct associations 
occur, namely the undersaturated alkali basaltic association and the saturated tholeiitic 
association (Sutherland 1985). The basalts consist of numerous flows of generally 5 to 20 
metres thickness. There are numerous volcanic plugs in the Central Province, most of which are 
too small to be mapped at 1:100 000 scale. However, two plugs of considerable size have been 
mapped 30 kilometres to the southwest of Yetman. 
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Nandewar Volcanic Complex (16-21Ma) 
Nandewar Volcanic Complex (16-21 Ma) 
§ Crops out on the Moree, Inverell, Manilla and Narrabri 1:250 000 map sheet areas 
§ Remnants cover an area of about 800 square kilometres 
§ 50 kilometres long, 30 kilometres wide, 800 metres thick 
§ Consists of a suite of transitional alkaline extrusive rocks 
§ Contains two main eruptive centres, the Killarney Gap volcano (21-20Ma) and the Mount Kaputar 

volcano (18-16Ma)  
§ Mafic rocks were derived from a common upper-mantle source 
 
The Miocene Nandewar Volcanic Complex is located to the east of Narrabri in an elongate belt 
trending northwest and covering an area of 50 by 30 kilometres. The Nandewar Volcanic 
Complex contains two main eruptive centres, the Killarney Gap volcano (21-20Ma) and the 
Mount Kaputar volcano (18-16Ma) (Photographs 3-ff, 3-gg). 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). There are also minor occurrences of diatomite interbedded with 
the mafic rocks on the eastern flanks of the Mount Kaputar volcano, indicating perched 
freshwater lakes on the sides of the volcano in the Miocene. 
 

 

 
Photograph 3-ff. Columnar jointing in alkali rhyolite at Sawn Rocks, northeast of Narrabri (GR 795000 

6661000). 
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Photograph 3-gg. Tertiary basalts, alkali rhyolites and trachytes of the Nandewar Ranges looking 

west over the flat Namoi alluvial plains. View from the top of Mount Kaputar National Park. 

 

Warrumbungle Volcanic Complex (13-18 Ma) 
Warrumbungle Volcanic Complex (13-18 Ma) 
§ Lies west of Coonabarabran 
§ Rose 1000 metres above basement and was upwarped in the centre 
§ Is dominated by alkali basalts and trachyte 
§ Central part contains many dykes, plugs and domes of felspathoid and quartz-bearing trachytes, 

intruding a poorly bedded sequence of tuffs and breccias 
§ Dykes, plugs and domes are resistant to erosion and have formed spectacular landscapes 
§ Mafic (low silica) lavas form the peripheral apron 
§ Localised lake sediments occur on the outer flanks of the volcano and contain diatomite with fossil 

insects, fish, birds and plants 
§ Is deeply dissected with a typical volcanic radial drainage pattern 
 
The Warrumbungle Mountains represent the eroded remnants of the northwest to southeast 
elongate ellipsoid constituting the Warrumbungle Volcanic Complex. Units of the 
Warrumbungle Volcanic Complex dominate the area to the west of Coonabarabran, with 
outliers extending from Coonamble in the northwest to Binnaway in the southeast (Photograph 
3-hh). Duggan and Knutson (1991) report a strongly bimodal distribution of rock types within 
the Warrumbungle Volcanic Complex. The alkali basalt magma lineage of Hockley (1973 
1974) dominates the outer (distal) portions of the shield, whilst the mildly potassic trachyte 
magma lineages of Hockley (1973,1974) dominate the central shield. The distal lineage of the 
Warrumbungle Volcano is generally older (18-15Ma) than the more central lineages (15-13Ma). 
Diatomite, which is observed to be interbedded with the lava flows, is interpreted by Timmers 
(1999) to be quiescent elevated lakes on the flanks of the volcano during the Miocene 
(Photograph 3-ii). Rare outliers of Permian Coal Measures and Lachlan Fold Belt rocks have 
been observed adjacent to some intrusives of the Warrumbungle Volcanic Complex and and 
appear to have been brought to near the surface adjacent to the intrusion during the Miocene. 
Thick Miocene mudflows (>50 metres) five kilometres to the east of Tooraweenah suggests 
high erosion rates in the southern flanks during the formation of the Warrumbungle Volcanic 
Complex. 
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Photograph 3-hh. Warrumbungle volcanic plugs. View from White Gum Lookout, west of 
Coonabarabran. 

 

 
Photograph 3-ii. Columnar jointed Tertiary basalt flows of the Warrumbungle Volcanic Complex 
over a thick sequence of diatomite at Chalk Mountain, north of Coonabarabran (GR 697074 
6554588). 
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In the Dubbo area, a series of basalts lie in lower parts of the landscape and are 14-12Ma in age. 
A separate volcanic province may exist in this area. 
 

Post Volcanic Erosion and Sedimentation 
Rejuvenated downcutting and erosion of the volcanoes and their products occurred through the 
Miocene and possibly into the Early Pliocene. Erosion removed large portions of the volcanoes 
as well as exposing parts of the pre-Tertiary basement beneath the volcanoes. The weathering 
and erosion has left remnants of the volcanic units as the capping of hills (for example the 
“Dillys” south of Tooraweenah and near Breeza), or as major ranges (for example the 
Warrumbungles, Nandewar Ranges and Liverpool Ranges). 
 
From the the Miocene to Present the eroded material from the volcanoes has been deposited and 
reworked for example as:  
§ A series of Tertiary terraces (for example next to the Castlereagh River near Binnaway) 

where downcutting has continued after deposition of these sediments (Offenberg 1968); and  
§ Tertiary sediments which are now overlain by younger sediments (Gates 1980; Young et al 

2002). 
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3.2.7 Quaternary sediments 
 

QUATERNARY SEDIMENTS 
 

Quaternary morphostratigraphic units mantle much of the BBSB and directly reflect tectonic, volcanic, 
climatic and sea level change events that shaped Eastern Australia in the Cainozoic 
 
Quaternary of the BBSB comprises: 
§ Extensive riverine plains of the Namoi, Castlereagh, Macquarie, Gwydir and Macintrye Rivers 
§ Low hill lands, valley sediments, alluvial fans and piedmont plains 
Regions of elevated landscape including the Warrumbungles, Nandewar and Liverpool Range volcanic 
centres and other ranges of sedimentary rock provide the source areas for most sediments 
Morphostratigraphic systems identified include: 
§ Alluvial plains 
§ Alluvial fans and piedmont plains 
§ Aeolian (wind-blown) deposits 
§ Residual and colluvial deposits 
 
In the northern part of the BBSB morphostratigraphic units include:  
§ thick alluvial deposits of the Gwydir and Macintyre River systems 
§ residual and colluvial deposits mainly derived from Central Province basalt. 
In the western part of the BBSB (the Darling Riverine Plain) is dominated by: 
§ Modern rivers systems of the Namoi, Castlereagh and Macquarie Rivers 
§ abandoned Quaternary river systems which are slightly elevated with respect to modern systems. 
The central part of the BBSB (the Liverpool Plains)  
§ is composed mainly of very flat plains of dark clays and alluvium with minor channel sand and gravel 

deposits 
§ sediments are derived from the erosion of Tertiary basalts of the Liverpool Ranges deposited by 

damming of the alluvial system with subsequent fan and floodplain deposits. 

Quaternary Morphostratigraphy of the Brigalow Belt South Bioregion (1.7 – 0 Ma) 

Introduction 
The BBSB has long been recognised as an area of transition of flora and fauna, where the 
distribution of coastal and tableland plants and animals overlap with those from the western 
plains and the vast interior of Australia. The BBSB also represents a geological and 
geomorphological transition zone. This is reflected in the most recent of geological activity, 
namely, the erosion of the landscape, since the last major mountain forming events of the 
massive volcanic centres of the Warrumbungles, Nandewar Range and Liverpool Range. 
 
The BBSB includes the remnants of a deeply eroded landscape, as well as the products of the 
movement of the eroded material. In the east, and on the higher ranges and peaks, are the 
freshly exposed rock sequences resulting from a long series of geological events. In the lower 
areas are vast low relief slopes and plains where huge volumes of eroded material have been 
deposited. There is an entire transition from areas of active erosion to areas of active sediment 
transportation and deposition.  
 
Quaternary units mantle much of the Brigalow Belt South Bioregion and directly reflect 
tectonic, volcanic, eustatic and climatic events that shaped eastern Australia in the Cainozoic. 
 
The BBSB of northern New South Wales is drained by five major rivers – the Namoi, 
Castlereagh, Macquarie, Gwydir and Macintyre (Figure. 3-s). These rivers form a tributary 
system which all drain into the Barwon River to the west of the BBSB and are part of the 
Darling Riverine Plain (Watkins and Meakin 1996) of northern New South Wales and southern 
Queensland (Figure 3-t). 
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Figure 3-s. Major river catchments in the BBSB superimposed on a digital terrain model (DTM). 
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The mapped area comprises extensive alluvial systems, with surrounding low hill lands and 
regions of elevated landscape, including the Warrumbungle, Nandewar and Liverpool Range 
volcanic centres. Unconsolidated Quaternary sediments of fluvial, colluvial and residual origin 
dominate large areas of the BBSB. The fluvial sediments were deposited by present day and 
abandoned river systems that comprise the Darling Riverine Plain. 
 
Abandoned Quaternary river systems, which have remnants slightly elevated with respect to the 
modern systems, are the most extensive component of the present day plains landscape. They 
vary in character from bed-load systems in the older units through mixed-load systems to the 
modern suspended-load systems. Rare source-bordering dunes (lunettes) are found adjacent to 
small lakes. The deposits comprising each system can be broadly subdivided into meander plain 
and backplain sediments. Common fluvial features include scroll bars, oxbows, depressions and 
scalds. 
 
The elevated landforms within the region are erosional landscapes developed on pre-Quaternary 
rock. Narrow belts of colluvial material fringe the hill lands, and residual soils mantle slightly 
elevated hill slopes. They represent transitional landscapes between the elevated landscapes and 
the lower depositional floodplains. The belts slope gently towards the riverine plains and often 
represent relict small-scale alluvial fans and braid plains shedding into the fluvial zone. 
 
In the northern part of the BBSB, Quaternary morphostratigraphic units include alluvial, 
residual and colluvial deposits. In the Moree 1:250 000 map sheet area heavy black soils and 
clays are derived from the weathering of basalts. Elsewhere in this region thick alluvial deposits 
of the Gwydir and Macintyre River systems are found. Residual and colluvial deposits form a 
thin cover over the Tertiary or Cretaceous rocks. The thickness of these deposits ranges up to 20 
metres, but it is difficult to differentiate them from the underlying Tertiary sediments. In the 
Inverell and Goondiwindi 1:250 000 map sheet areas Quaternary sediments occur in alluvial, 
residual and colluvial settings. Gravels, sand, siltstone and claystone have been deposited along 
and in flood plains of most of the major and minor rivers and streams. Quaternary colluvial and 
residual sediments are widespread. These are particularly well developed on rocks of the Surat 
Basin, and to a lesser extent on the Tertiary basalts and granitoids. There is extensive 
development of residual soils throughout the area. These are well developed on Tertiary basalts 
and on the rocks of the Surat Basin and Tamworth Belt. 
 
The Liverpool Plains, which cover much of the central portion of the BBSB, comprise a well-
defined part of the Darling Riverine Plain north of the Liverpool Ranges. The unconsolidated 
Quaternary sediments overlie rocks of the Gunnedah and Surat Basins, as well as rocks of the 
Lachlan and New England Fold Belts. The Liverpool Plains, in the central part of the BBSB, is 
composed of extensive alluvial plains of extremely low topographic relief. The youngest 
Quaternary sediments in this region are mainly composed of dark brown clays that become 
darker near the surface. Channel sands and gravel deposits form a minor component of the 
deposits. Pratt (1998) suggests that the lack of topographic relief and low slope angle of the 
plains is the result of previous damming of the alluvial system, at least in times of catastrophic 
flooding, and that Lake Goran may be the remnant of a much larger, and now drained, lake 
created by this damming. Lake Goran is currently dammed on its eastern side by a crescentic 
shoreline of ridges composed of mostly clays with minor sandy beach intervals (Gates 1980). 
These ridges, or lunettes, are formed by dominantly westerly winds which moved sediments to 
form a blow out ridge, while the sandy beach deposits are evidence of former lake levels. A 
model to explain the geologic history of the Liverpool Plains area (Gates 1980; Pratt 1998) has 
been reproduced in figure 3-r. 
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Figure 3-t The distribution of riverine plains in southeast Australia. 
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In the area southwest of Narrabri, the riverine plain is flanked by a slightly elevated, colluvial 
surface of predominantly clay-rich material, sourced from the deeply weathered Early 
Cretaceous clays and claystones of the Surat Basin. The time of development of this colluvial 
material is uncertain, but a single TL (thermoluminescence) date of 88 000 years BP for the unit 
has been obtained by Hesse (2000). This colluvial surface is covered by remnants of a series of 
quartz-rich, coalescing, alluvial fans. These fans developed in the arid to semi arid environment 
of the latest Pleistocene. 
 

Quaternary Climate 
The last 700 000 years of the Quaternary period of Earth history were marked by a repetition of 
rapid warming and moderate cooling cycles. The sea level changed periodically by more than 
100 metres during these cycles (Firman 1988). During the cooling periods, accompanying the 
development of ice-sheets, water that evaporated from the sea was locked in ice on the land. 
Consequently, during such periods, there was a reduction in sea level and the climate was much 
drier. Periods of low sea-level and large volumes of continental ice are called glacial periods or 
ice ages. 
 
Between 60 000 and 40 000 years before present (BP) many areas of eastern Australia were 
drier than at present. Fans of sand and sand filled palaeochannels (sand monkeys) in the Pilliga 
region south west of Narrabri, have been dated at 43 000 to 60 000 years BP. During this time 
the alluvial plains were actively accumulating sediments until about 40 000 to 45 000 years BP. 
During a drier climate, the landscape may have had less protection from erosion by vegetation. 
From 40 000 to 30 000 years BP, a colder, wetter climate prevailed (Bowler et al 1976). During 
the period 25 000 to 15 000 years BP, the last ice age, glaciation was severe. The climate was 
much drier, with the precipitation rate being half of what it is today. Climatic change was 
sufficient to cause sparse vegetation, especially on deep sands and dry soils, allowing strong 
winds to pick up and transport sand and clay particles. Aeolian features including lunettes, sand 
sheets and ridges, and depressions that formed during this time, have been mapped in the 
BBSB. Following this glacial period, the climate rapidly warmed and most of the ice had melted 
by 10 000 years BP. Dunes stabilised, aeolian deposition ceased and soil formation began. At 
this time modern woodland vegetation began to establish itself (Bowler et al. 1976). 
 
In the last 10 000 years climate has been relatively stable although there are some indications 
that temperature and rainfall were marginally higher than now between 8000 and 5000 BP. 

Quaternary Morphostratigraphic Subdivision 
Many of the previous geological maps in the BBSB included only generalised Quaternary 
sequences. High-resolution airborne gamma-ray spectrometry (radiometrics), along with other 
data sets including digital terrain modelling (DTM) and Landsat imagery have provided 
invaluable information to enable mapping of morphostratigraphic units of the Quaternary. 
 
For the Quaternary sediments of the BBSB, the morphostratigraphic grouping proposed by 
Grimes (1984) has been broadly adopted. In the system proposed by Grimes, morphological 
features in the landscape can be identified by the surface form they display and their horizontal 
relationships. Morphostratigraphic units are identified by recognising characteristic 
morphological features and then dividing and grouping these into a time sequence. 
 
In the following morphostratigraphic system, 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 wherever possible, as 
well as by radiometric signature, a valuable reflection of the provenance of the sediments. 
 
Four main groups of morphostratigraphic landscapes have been identified: 
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§ Alluvial Plains 
§ Alluvial Fans and Piedmont Plains 
§ Aeolian landscapes 
§ Residual and Colluvial Deposits. 
 
The location of these morphostratigraphic landscapes is controlled by the underlying rock type, 
climate, weathering, and topographic setting which influences the degree of weathering and 
erosion, partly by controlling the distribution and passage of water. 
 
The surface distribution of the Quaternary morphostratigraphic units is shown in figure 3-u. 

Nomenclature and Explanation of the Quaternary Letter Symbol 
A hierarchical approach has been adopted for the letter symbols of Quaternary units. Each letter 
symbol, (for example Qacm1), has five component parts:   
 
§ The broad age grouping is indicated by the first letter 

“Q” to indicate Quaternary 
§ The morphological type is indicated by the second letter  

“a” to indicate alluvial plain 
“f” to indicate alluvial fan and piedmont plain 
“d” to indicate aeolian – dune deposits 
“r” to indicate residual and colluvial deposits. 

§ The third letter indicates the morphological feature, for example, 
“c” to indicate channel 
“m” to indicate a meander plain etc. 

§ The fourth letter indicates the radiometric signature of the morphostratigraphic feature. 
“s” indicates a radiometric signature which is low in K 
“v” indicates a radiometric signature high in K or high in all K, Th and U 
“m” indicates a radiometric signature of intermediated levels of K, Th and U 
“l” indicates a radiometric signature that is low in K, Th and U 

§ The fifth letter indicates the relative age of the feature 
“1” indicates a current feature, 
“2” indicates an older “palaeo” feature, 
“3” indicates an even older or more ancient feature still, etc. 

 
Table 3-a lists and describes the morphostratigraphic units mapped. 
 
Age control has been obtained for some features by thermoluminescence (TL) dating, cross-
cutting relationships, or stratigraphic correlation. Thermoluminescence (TL) age dating is a 
dating method that measures the length of time since a crystalline mineral within sediments, for 
example quartz or zircon, was last exposed to sunlight. 
 
Absolute ages where known, are to be found in Table 3-b and within the morphostratigraphic 
description of each feature. 
 
NB:  In the section below, letter symbols show a blank or underscore in the fourth position. Any 
of the four symbols “s”, “v”, “m” or “l” may be present in any given unit dependent upon the 
radiometric response of the unit.
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Figure 3-u. Distribution of Quaternary morphostratigraphic units in the BBSB. 
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Description of Quaternary Morphostratigraphic Features 

Table 3-a. Table of Quaternary Morphostratigraphic Features. 

Morpho-
stratigraphic 
Landscape 

Map 
Symbol 

Morpho- 
Stratigraphic 
Feature 

Morphostratigraphic Description 

ALLUVIAL 
PLAINS 

Qac_1 
  

Current Stream 
Channel  

Linear bodies of sand and gravel within a channel. The overall form 
may be straight, undulating or tightly meandering and may bifurcate 
or form reticulated patterns.  

 Qam_1  Current Meander 
Plain  

Meander plain of existing rivers and ephemeral creeks. Generally 
elevated above the level of the backplain facies. Gilgai may develop 
at the break of slope between the meander plain and the backplain. 
Generally narrow belts which may contain incipient levees, 
scrollbars and oxbows. Formed by low energy, degradation systems 
that are incised into older deposits. 

 Qae_1  Current Levee  Pair or single rises adjoining a stream channel. 
 Qaf_1 Current Crevasse 

Splay Fan  
Small fan-shaped bodies formed where a stream has breached its 
levee bank and flooded out over the adjoining plain. 

 Qal_1 Abandoned Current 
Stream Channel  

Lacustrine deposits in ox-bows and other abandoned channels within 
an alluvial plain. Straight or curved swampy depressions with a fine-
grained fill. 

 Qab_1 Current Backplain
  

Backplain vertical accretion deposits derived from overbank flow, 
which form low relief plains. Support open grassland and scattered 
trees. 

 Qan_1 Current Flood Basin
  

Larger channels display anastomosing drainage pattern. Smaller 
channels follow a trellis drainage pattern over the plain. May be 
associated with wetlands. 

 Qap_1 Current Flood Plain Broad featureless alluvial plain which may be anastomatic. May be 
level or gently inclined. Flood plain is not associated with a major 
riverine system. This feature is confined to the Liverpool Plains. 

 Qav_1 Current Terraced 
Valley  

Landform pattern including one or more terraces and commonly a 
flood plain generally confined to a valley. 

 Qaw_1 Current Broad 
shallow depressions 
and claypans 

Broad shallow depressions within the floodplain formed by removal 
of sand layers (by wind or water) within duplex soils to reveal the 
claypan beneath. 

 Qac_2 Palaeo Stream 
Channel   

Highly sinuous semi-continuous channels which carried mixed load 
sediments under moderate energy conditions. Commonly undulating 
negative relief to five metres, enabling intermittent flow along some 
channels. 

 Qam_2 Palaeo Meander 
Plain  

Elevated palaeo meander plain with up to two metres relief. Lateral 
and vertical accretion deposits form belts enclosing moderately well 
defined channel traces, levees and oxbows. Well-developed texture 
contrast soils are subject to scalding, particularly in elevated areas. 

 Qab_2 Palaeo Backplain  Palaeo backplain – vertical accretion deposit which form broad, low-
lying grass plains of moderately cracking soils with poorly defined 
drainage lines and gilgai. Supports scattered trees. 

 Qac_3 Ancient Stream 
Channel  

Channels of very large meander wavelength which occur within the 
meander plain as elevated remnants. High energy bedload to mixed 
load system. 

 Qam_3  Ancient Meander 
Plain  

Ancient meander plain which forms generally continuous, flat to 
gently undulating belts of up to two metres relief. 

 Qab_3 Ancient Backplain
  

Ancient backplain – vertical accretion deposit which form broad, 
low-lying grass plains of moderately cracking soils with poorly 
defined drainage lines and gilgai. Supports scattered trees. 

 Qaw_3  Ancient Swamps, 
sump basins, salinas 
within an alluvial 
plain  

Broad shallow depressions within the floodplain. 

 Qam_4 Ancient Meander 
Plain  

Slightly elevated meander plain which forms level to undulating 
rises. Deposited by high-energy meandering bedload systems. 

 Qat_1 Current Alluvial 
Terrace  

Most recent alluvial plain above the current alluvial plain. Generally 
of low to very low relief (9-90 cm) 

 Qat_2 Palaeo Alluvial 
Terrace 

Second alluvial plain above the current alluvial plain. 

 Qat_3 Ancient Alluvial 
Terrac 

Third alluvial plain above the current alluvial plain. 

ALLUVIAL 
FANS AND 
PIEDMONT 
PLAINS 

Qff_1 Current Alluvial Fan Relatively gently inclined fan shaped body in a piedmont locale. 

 Qfo_1 Current Flood Out 
Sheets  

Level to gently inclined landform pattern in a piedmont locale which 
does not exhibit any fan-shaped form. May be transitional with Qa 
plains. 
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Morpho-
stratigraphic 
Landscape 

Map 
Symbol 

Morpho- 
Stratigraphic 
Feature 

Morphostratigraphic Description 

 Qfp_1 Current Piedmont 
plain or bajada 

Steep to gently sloping plain at mountain foot. Formed by coalescing 
fans. Lower boundary may be transitional with Qa units. 

 Qff_2 Palaeo Alluvial Fan Relatively gently inclined fan shaped body in a piedmont locale. 
 Qfp_2 Palaeo Piedmont 

plain or bajada 
Steep to gently sloping plain at mountain foot. Formed by coalescing 
fans. Lower boundary may be transitional with Qa units (TL – 43 – 
60K). 

 Qas_2 Palaeo Stream 
Channel 

Sand Monkeys: Slightly raised, deep, med-coarse sand bodies, 
elongate, found on terraces or plains. Usually convex surface with a 
channel cross-section. In plan view may be definite distributory 
stream patterns or discrete sand bodies (TL – 43 - 60K) 

    
AEOLIAN – 
DUNES 

Qdl_1 Lunettes  Crescentic, or linear ridges on the lee side of lakes, salinas or other 
depressions. 

 Qdx_1 Sand ridges and 
source bordering 
dunes 

Undifferentiated dune fields and aeolian sand plains. 

    
RESIDUAL 
AND 
COLLUVIAL 
DEPOSITS 

Qrs_1 Soil Mantle Residual material or soil mantle derived from weathering of rock and 
remaining in place after part of the weathered material has been 
removed. 

 Qrx_1 Undifferentiated 
colluvial deposits  

Colluvial sediment mass deposited from transport down a slope by 
gravity. Compared with alluvium, colluvium lacks bedding structure, 
is more variable in grain size, and contains material derived locally. 

 Qrh_3 Ancient Sheet Wash Colluvial deposit resulting from transport by a very shallow flow of 
water as a sheet, or network of rills on the land surface. Sheet flow 
deposits are very thin except at the foot of a slope and beneath sheet 
flood fans (Age: Greater than 88 000 years). 

 

Alluvial Plains 
Alluvial landscapes are formed by deposition and erosion along rivers and streams. The present 
day alluvial landscape of the northern part of the Darling River Basin within the BBSB is 
dominated by abandoned Quaternary river systems which have remnants slightly elevated with 
respect to modern systems. 
 
Remnants of four fluvial systems have been identified, with features of the two youngest 
systems being most commonly identified. Morphostratigraphic features of the two oldest 
deposits were only rarely observed. The four fluvial systems vary in character from bed-load 
systems in the oldest alluvial system, through to the modern suspended-load river deposits. 
Watkins and Meakin (1996) also described four fluvial systems in the Nyngan and Walgett 
1:250 000 map sheet areas (Figure 3-v). For a detailed description of these units refer to 
Watkins and Meakin (1996). The Nyngan and Walgett 1:250 000 map sheet areas abut the 
BBSB in the west and some fluvial deposits, especially in the Namoi, Macintyre and 
Castlereagh River systems, are interpreted to be lateral equivalents. New thermoluminescence 
dating (TL) data published by Young et al. (2002) from sediments in the Namoi River system 
(Table 3-b), support this interpretation. In addition, Young et al (2002) also identified a new 
formation within the Namoi alluvial system. Fine grained red brown silty loam deposits with a 
15 percent aeolian component, was named the Willows Formation. A thermoluminescence age 
date of 56 000 to 38 000 years BP was obtained for this unit. It has not been separately mapped 
in this project. 
 
The deposits comprising each alluvial system can be broadly subdivided into channel, meander 
plain and backplain deposits. Other common fluvial features include abandoned channels, 
terraced valleys, flood basins, crevasse splay fans, depressions and scalds. These latter alluvial 
features are components of the broader meander plains and backplain deposits. Although 
widespread, there are few examples of these feature in the data set, as they are generally smaller 
than the resolution used for mapping allowed, but some of the larger and more spectacular 
features have been mapped separately. 
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The most recent channel sediments were deposited by modern meandering, fluvial systems with 
their associated backplains and marshes. Figures 3-w and 3-x illustrates the typical expression 
of a modern river (the Namoi River) meander plain (Qam_1), backplain (Qab_1) and channel 
(Qac_1) facies. The low meander wavelength channels carry mainly suspended-load sediment 
and generally flow north, to northwest to west. Other features identified include crevasse splay 
fans, terraces, flood basins, and floodplains. Many of the features identified within the modern 
alluvial systems of the major rivers of the BBSB can be correlated with features identified in the 
Macquarie and Castlereagh River systems, and are interpreted to be stratigraphic equivalents of 
those identified by Watkins and Meakin (1996). The maximum age recorded for the modern 
Marra Creek Formation – the stratigraphic equivalent of the current alluvial system within the 
BBSB - is 6 400 BP (Watkins 1992) and represents river, swamp and marsh deposition through 
to the present day. Grainsize analyses of different facies of the Marra Creek Formation, 
indicates that the mean sediment size is medium silt to clay. Sorting is poor to very poor, but 
improves with decreasing grain size (Watkins and Meakin 1996). 
 
The palaeo channels of the Namoi River system provide evidence of a dynamic and continually 
changing river system. The Namoi River has migrated widely across its floodplain and has 
moved progressively southwards (Young et al. 2002). Water bores and magnetic imagery record 
buried flows of Tertiary basalt into a Tertiary palaeo-valley near Narrabri. Downstream from 
Narrabri the palaeo-valley is nine kilometres wide and approximately 40 to 60 metres below the 
surface of the alluvium. This Tertiary palaeo-valley infilled with sediment during the Pliocene - 
Pleistocene and the palaeo Namoi River system migrated southward due to the waning of 
sedimentary imput from the Pilliga sandsheet relative to that carried down the main Namoi 
channel. The general southward migration is recorded by the numerous remnants of palaeo-
channels that are still distinguishable across the surface of the alluvial plain. 
 
Qac_1  Current Stream Channel 
Modern channels of a variety of sizes and styles form a complex network over the entire BBSB. 
They generally trend north, northwest and west. Within the various river systems, the overall 
form of the channel may be straight, tightly meandering or anastomosing. 
 
The channels contain unconsolidated sand, silt and clay, and sometimes gravel lag deposits and 
are commonly constrained by resistant banks, which are rich in clay. The channel sediments 
were deposited out of suspension in low energy conditions from very low gradient 
degradational (modern) rivers. Sediments accumulate in the channel as longitudinal or arcuate, 
lensoid deposits (termed benches) and as thin blanket deposits on terraces and plains. Coarser 
grained components have been transported by traction during more energetic flow conditions, or 
were locally derived by reworking. The channels contain permanent or ephemeral water (figures 
3-w, 3-x and photograph 3-jj). 
 
Qam_1 Current Meander Plain 
Numerous meander plains traverse the BBSB, enclosing the largest, more perennial, modern 
channels. (Figure 3-w, 3-x). Morphostratigraphic features identified within a meander plain 
include levees, scrollbars and oxbows. The meander plain facies consist of unconsolidated clays 
with sandy lenses and organic matter. Cracking clays may occur between channels. Grain size 
decreases towards the backplain. These sediments were deposited by low energy, degradational, 
meandering fluvial systems. Cross-bedding is evident in coarser sediments, which were 
deposited in higher energy condition. Sediment accumulation is greatest on benches within and 
adjacent to the channel. Oxbows, or abandoned meander channel loops are prevalent along the 
major rivers. These are infilled by clays when floodwaters overtop the banks of the adjacent 
main channel. The meander plain deposits are generally entrenched within the backplain. 
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Figure 3-v. Quaternary stratigraphy within the Coonamble Embayment of the Darling Riverine 
Plain. 

 

Table 3-b. Table of absolute ages where known of some morphostratigraphic features. 

Age  
(ka = thousand years) 

Feature Description Reference 

5.7 +/- 1.0 ka Namoi Palaeochannel Deposits Young et al. (2002) 

6.4 +/- 0.6 ka Marra Creek Formation Watkins and Meakin (1996) 
6-10 ka Bugwah Formation Watkins and Meakin (1996) 

12.1 +/- 1.6 ka Namoi Palaeochannel Deposits Young et al. (2002) 

12.7 +/- 1.8 ka  Namoi Palaeochannel Deposits Young et al. (2002) 
13 ka Round Swamp Lunette Ward (1999) 

13.4 +/- 2.9 ka Carrabear Formation Watkins and Meakin (1996) 
16.2 +/- 1.3 ka Carrabear Formation Watkins and Meakin (1996) 
25.6 +/- 3.9 ka Carrabear Formation Watkins and Meakin (1996) 

38.8 +/- 3.9 ka Source bordering sand dunes Hesse and Humphries (2000) 
38.7 +/- 2.6 ka Namoi Palaeochannel Deposits Young et al. (2002) 

42.9 +/- 3.4 ka Red sand monkey Hesse and Humphries (2000) 
45.4 +/- 4.1 ka  Yellow sand monkey Hesse and Humphries (2000) 

56.3 +/- 5.5 ka  Namoi Palaeochannel Deposits Young et al. (2002) 
61.5 +/- 6.8 ka  Yellow sand monkey Hesse and Humphries (2000) 

 > 88.6 ka Red clay Hesse and Humphries (2000) 

127 +/- 16 ka  Trangie Formation Watkins and Meakin (1996) 
467 +/- 150 ka Trangie Formation Watkins and Meakin (1996) 
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Figure 3-w. Landsat 7 satellite image of a section of the Namoi riverine plains, west of Narrabri. 
Morphostratigraphic boundary lines of current alluvial features have been superimposed over the 
image. 

 
Figure 3-x. Landsat 7 satellite image of a section of the Namoi riverine plains, west of Narrabri. 
Morphostratigraphic boundary lines of current alluvial features have been superimposed over the 
image. 
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Qae_1  Current Levee  
A levee is a pair, or single ridge, of coarser grained material that adjoins a stream channel. They 
form when the flow velocity of the stream suddenly decreases when the river overtops its 
channel in times of flood. The largest suspended load particles are deposited adjacent to the 
bank. Levee deposits are coarser-grained than most other overbank sediment deposits, for 
example backplain deposits. 

Qaf_1  Current Crevasse Splay Fan  
Crevasse splay fans are small fan-shaped bodies formed where a stream has breached its levee 
bank and flooded out over the adjoining backplain. 

Qal_1  Abandoned Stream Channel on the current meander plain 
A freely meandering channel changes position almost continually due to differing rates of 
erosion on the outer banks of the meander and deposition on the inside of the meander. This 
leads to periodic channel cut-offs of meander loops from the main channel. 
 
 These abandoned stream channels often contain fine-grained clays / lacustrine sediments, 
deposited when floodwaters overtop the banks of the adjacent main channel. 

Qab_1  Current Backplain 
Modern backplains form belts generally up to three kilometres in width on both sides of the 
major modern rives and creeks. The elongate and irregular belts are patchy in their 
development, but broader and more continuous in topographically lower areas. Backplain 
sediments consist of unconsolidated clays with traces of quartz sand. Laminations and deep 
desiccation cracks are common. These vertical accretion deposits are built up at times of flood 
by waters which overtop the river banks. Upon retreat of floodwater, cohesive muds blanket the 
banks and floodplains. During periods between flooding, the silt and clay dry out to form 
cracks. 
 
Backplains are characterised by open grassland with variable but generally scattered trees and 
shrubs (Photograph 3-kk). The fertile soils of the backplains are extensively farmed. 
 
The modern backplains are contemporaneous with the modern meander plain and channels and 
are of Holocene age (Watkins and Meakin 1996). Overbank deposits become thinner away from 
the meander plain and only form a thin veneer over older alluvium. This feature is evident in the 
radiometric signature of backplains over palaeo systems. Palaeo stream systems tend to have a 
radiometric signature that is high in potassium, derived from volcanic sources, while modern 
stream and backplain sediments have a radiometric signature that is lower in potassium, 
reflecting a change in sediment provenance. 
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Photograph 3-jj. Highly sinuous current stream channel west of Narrabri (Qac_1)  
(GR 653075 6650524). 

 
Photograph 3-kk. Flat, treeless, current backplain near Narrabri (Qab_1) that is being farmed 
(GR 729234 6674010). 
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Qan_1  Current Flood Basin within an alluvial plain  
Broad, elongate to equidimensional flood basins associated with the major rivers. Flood basins 
are often associated with wetlands. The sediments were deposited mainly from suspension 
during times of flooding of the wetlands. The flood basin contains main channels with direct 
water from the active belt to the flood basin during flood growth and allow reverse drainage 
during the falling stage. In addition to the main drainage, many of the smaller drainage channels 
display a trellis pattern. Larger channels are anastomosing. Periodic inundation feeds the 
channels over the slightly elevated plains surrounding the marshes. 

Qap_1  Current Flood Plain 
This feature occurs extensively in the Liverpool Plains region of the BBSB. They are level to 
gently inclined extensive drainage plains and floodplains, and in the Liverpool Plains area are 
derived from basaltic alluvium. Drainage pattern is anastomatic in places. Sediments consist of 
clays mainly derived from the Tertiary basalts of the adjacent Liverpool Ranges. The 
radiometric signature indicates the high potassium content of the sediments and reflects the 
chemistry of the parent rocks (Figure 3-y, 3-z; Photographs 3-ll, 3-mm). 
 

Qav_1  Current Terraced Valley  
Terraced valleys are flat, or evenly and gently sloping, floors of valleys cut by the lateral 
erosion of meandering streams as they meander downstream. The valley floor is covered by a 
veneer of alluvium deposited when the stream overflows its banks while the floodplain itself is 
bounded on either side by more elevated topography. 

Qaw_1 Broad shallow depressions and clay pans within an alluvial plain  
Broad shallow depressions or claypans are produced by scalding - the removal of the sandy 
component of duplex soils by wind - and bare clay or a pedogenic pan (cemented layer) is 
exposed. The exposed clay layer is impenetrable to water, and so claypans often hold water 
(Photograph   3-nn). 

Qac_2  Palaeo Stream Channel  
These palaeo stream channels are highly sinuous, and semi-continuous and contain mixed-load 
stream sediments which were deposited under moderate energy conditions. Commonly 
undulating negative relief to five metres, enables intermittent flow along some channels. The 
radiometric signature of the channel, meander plain and backplain deposits is often higher in 
potassium than the younger river deposits, indicating that the sediment was derived from a high 
potassium source, eg volcanics from the Warrumbungle or Nandewar volcanic provinces. The 
higher energy conditions that prevailed at the time, also allowed the volcanic-derived sediment 
to be carried further downstream from the source. The Bugwah Formation which is Late 
Pleistocene to Holocene in age (13 400 – 6 000 BP, Watkins and Meakin 1996) may be the 
stratigraphic equivalent in some areas (photographs 3-oo, 3-pp). 

Qam_2 Palaeo Meander Plain  
The sediments of this unit comprise unconsolidated clay, silt and fine grained sand. Highly 
scalded meander belts are common in the north of the BBSB. The aggradational meander plain 
facies displays a range of lateral and vertical accretion deposits. The channels carried mixed-
load, presumably in a moderately energetic environment. Vertical accretion deposits have 
accumulated in oxbows and on levees during flood stages. 
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Photograph 3-ll. Typical black soils of the current flood plain on the Liverpool Plains south of  
Mullaley. 

 

 
Photograph 3-mm. Extensive, level plains characteristic of the current flood plain of the Liverpool 
Plains near Willow Tree (GR 806050 6495110). 
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Figure 3-y. Shaded digital terrane image of the flat plains of the Liverpool Plains and elevated areas 
of outcrop of Pilliga Sandstone and other units. A radiometric image of the same area is shown below 
(figure 3-z). 

 
 

 
Figure 3-z.  Ternary radiometric image (K Th U) of the flat plains of the Liverpool Plains area. The 
dark areas are high potassium (K) plains and the lighter colours in this image are elevated areas  of 
outcrop of Pilliga Sandstone and other units. 
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The meander plain encloses moderately well defined and highly sinuous channel traces, levees 
and oxbows. Numerous scroll bars are preserved. The meander plain facies has developed 
texture-contrast, duplex soils and grey cracking clays. The characteristic texture-contrast soils 
are prone to erosion by wind and water run-off, or scalding, particularly in elevated areas, such 
as the levee banks (Photograph   3-qq). Scalding is caused by erosion by wind and water, of the 
light-textured surface soil horizon exposing the clay-rich substrate which is highly impermeable 
to water and inhospitable to vegetation. The meander plain facies supports open woodland. 
 
The age of the meander plain facies is contemporaneous with the channel facies. On the Namoi 
alluvial plain this age is Late Pleistocene to Holocene. In other areas the ages of these sediments 
is unknown. 
 
Many tracts of this meander plain facies have a distinctive high potassium radiometric 
signature, indicative of a high potassium volcanic provenance of the river sediment, and 
deposition in a higher energy environment than the youngest alluvial system. 
 

Qab_2  Palaeo Backplain  
This facies comprises unconsolidated silty-clay with minor fine to medium grained sand and 
forms broad, low-lying grass plains in the north of the BBSB. Both sand and clays were 
deposited by a mixed load fluvial system. The facies comprises the flood basin deposits derived 
from overbank flow. The backplain facies forms plains between the slightly elevated north, to 
west-trending meander belts of this unit. The unit can be most readily identified by increase in 
scalding, reduction in elevation from the meander plains and a higher potassium radiometric 
signature. The age of the backplain facies is contemporaneous with the channel and meander 
facies and is therefore Late Pleistocene to Holocene in age. 

Qac_3  Ancient Stream Channel  
The channels are continuous in places, while in others, they are less distinct and only traces are 
visible. These palaeo channels comprise a sand-dominated bed-load to mixed-load deposits with 
less than 20 percent suspended-load material, i.e. silt and clay. Meander wavelengths are very 
large. The particle size composition of the channel facies of this unit indicates that it was 
dominantly a high energy, bed-load to mixed-load, transport system. Thermoluminescence age 
dating of three samples in the Nyngan area (Watkins 1992) gave Late Pleistocene ages of 
13 400 to 25 600 years. 

Qam_3  Ancient Meander Plain  
This palaeo meander plain forms generally continuous, flat to gently undulating belts of up to 
two metres relief. The meander plain sediments are a very poorly sorted, silt-dominated facies 
with particle sizes ranging from medium to very fine silt. Particle size indicates that it was 
deposited in a high energy, mixed-load transport system. The meander plain facies is 
contemporaneous with the channel facies and is therefore, Late Pleistocene in age. The channel 
and meander plain facies support dense stands of Cypress pine.  

Qab_3  Ancient Backplain  
The palaeo backplain facies comprises uniformly medium to heavy textured cracking clays 
formed by vertical accretion of fine suspended sediments, ie of silts and clays during overbank 
flow, resulting in plains with very low slopes, minimal relief and poorly defined drainage lines 
and gilgai. The backplain facies often forms open grassy treeless plains. The backplain facies is 
contemporaneous with the meander plain facies and is therefore Late Pleistocene (13 400 to 
25 600 BP) in age. 
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Figure 3-aa. Ternary radiometric image illustrating the relationship between the palaeo backplains 
(Qamv2) and current Namoi alluvial system  near Pilliga, west of Narrabri. 

 
 

 
Figure 3-bb. Landsat 7 image illustrating the relationship between the palaeo backplains (Qamv2) 
and current Namoi alluvial system near Pilliga, west of Narrabri. 



September 2002 Geology Integration and Upgrade DMR WRA 19 

 101 

 
Photograph 3-nn. Claypan near Wee Waa produced by scalding, of sand layers (by wind and water) 
within duplex soils exposing the claypan beneath (GR 731203 6640281). 

 
 

 
Photograph 3-oo. Palaeo channel (Qac_2) that retains its channel shape and sometimes carries water. 
The channel has clay sediments in the base (GR 599600 6455550). This location is just west of the 
BBSB. 
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Photograph 3-pp. Palaeo channel (Qac_2) that carries water in times of flood. The channel accumulates clay 
deposits in the base of the channel (GR 660547 6651285). 

 
 

 
Photograph 3-qq. Palaeo meander plains (Qam_2) northwest of Narrabri support open woodland and grasses 
(GR 735956 6674521) 
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Qaw_3  Ancient Swamps, sump basins, within an alluvial plain  
Broad shallow depressions within the floodplain. The depressions are interpreted as abandoned 
meander loops developed on the meander plain. After channel migration the sediment within the 
oxbows was removed by deflationary aeolian processes to form source-bordering dunes. A 
circular depression remained which was not infilled by fine sediment from overbank flow from 
the main channel. This facies is characteristic of the bed-load to mixed-load facies of the 
Carrabear Formation (13 000 – 27 000 BP) of Watkins and Meakin (1996). 

Qam_4  Ancient Meander Plain  
This facies is exposed rarely in the BBSB. It is a slightly elevated meander plain which is level 
or forms undulating rises. Generally, exposure of this unit is limited to gravel pits, where it is 
overlain by younger, finer sediments and therefore cannot be mapped at the surface. A gravel 
pit (GR 737075, 6666872 on the Wee Waa 1:100 000 map sheet area), has exposed the meander 
plain deposits of this facies. The unit comprises partly consolidated, stratified, crossbedded, 
polymict granule to pebble conglomerate and medium to coarse sandstone (Photographs 3-rr, 3-
ss). The sediments were deposited by high-energy meandering bed-load systems. The age range 
of this unit is poorly constrained, however, thermoluminescence age dating for a unit that is 
interpreted to be stratigraphically equivalent, the Trangie Formation, provided two ages for this 
unit – 127 000+/- 16 000 years old and 467 000+/- 150 000 years old (Late Pliocene) (Watkins 
1992). 

Qat_1, Qat_2, Qat_3  Current, Palaeo and Ancient Alluvial Terraces 
Terraces are abandoned floodplains (or meander plains) that were formed when the river flowed 
at a higher level than at present. Qat_1 is the most recent alluvial plain above the current 
alluvial plain. It is generally of low to very low relief (9 to 90 centimetres). Qat_2 and Qat_3 are 
the second and third alluvial plain respectively, above the current alluvial plain. 

Alluvial Fans And Piedmont Plains 
Alluvial fans are depositional landforms which occur where confined streams emerge from 
elevated or mountain catchments, into zones of reduced stream power. Climate is an important 
variable affecting fan deposition. Periods of accumulation of debris within a fan often coincide 
with accelerated erosion in the source area. This increased physical erosion may be the result of 
factors such as a decrease in vegetation cover in arid climates or an increase in storm intensity. 
 
Alluvial fans may form at the “foot”of elevated topography and may be unconfined, or confined 
by neighbouring fans. Alluvial fans coalesce to form piedmont plains. Fans can also occur 
within mountain regions and at valley junctions. In these cases they may be confined at their 
margins by valley walls. Within the BBSB, fans occur in all of the above environments. Fans 
are particularly spectacular as they emerge from the highland areas of the Nandewar, 
Warrumbungle and Liverpool Range volcanic centres (Figures 3-cc, 3-dd). They are also 
particularly significant in the Pilliga region where remnants of alluvial fans can be identified by 
the fan shaped distribution of sand monkeys (palaeo channels) (Figures 3-ee, 3-ff). 

Qff_1  Current Alluvial Fan  
Alluvial fans are relatively gently inclined fan shaped bodies in a piedmont locale. They consist 
of stream deposits that radiate downslope from the point where the stream emerges from the 
elevated or mountain area. Fans often have stream channels that are incised into the fan surface. 
In plan view, the deposit is typically fan shaped. Their size and shape is controlled by adjacent 
fans. Sediment is transported from an eroding source area by a stream to the depositional zone. 
Deposition of sediments is caused by decreases in stream depth and water velocity. This feature 
is particularly evident in high potassium fans that are emerging from hillslopes of the Nandewar 
volcanic centre near Narrabri. 
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Photograph 3-rr. High- to medium-energy palaeo channel deposits (GR 737075 6666872). 

 
 

 
Photograph 3-ss. High- to medium-energy palaeo channel deposits (GR 737075 6666872). 
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Qfo_1  Current Flood Out Sheets  
Flood out sheets are level to gently inclined landform patterns in a piedmont locale which do 
not exhibit any fan-shaped form. Many small fans lose their fan shape where they are restricted 
by adjacent larger fans. The resultant flood out sheets may be transitional with Qa plains. 

Qfp_1  Current Piedmont plain (bajada) 
These units occur as steep to gently sloping plains at the foot of elevated areas and are formed 
by coalescing fans. Their lower boundaries may be transitional with alluvial (Qa) units. 

Qff_2   Alluvial Fan 
These units are relatively gently inclined fan shaped bodies in a piedmont locale and comprise 
the older portions of fan material. 

Qfp_2  Palaeo Piedmont plain (bajada) 
Steep to gently sloping plain at mountain foot. Formed by coalescing fans. Lower boundary 
may be transitional with Qa units. (Thermoluminescence age date  - 43 000-60 000 years old). 
 
This feature is prominent in the Pilliga area, south west of Narrabri. It is the remnant of a series 
of undifferentiated alluvial fans that carried dominantly quartz sand in channels from the more 
elevated, weathered Jurassic Pilliga Sandstone and overlying quartz lithic sandstones of the 
Jurassic – Cretaceous Keelindi beds. Sand monkeys (which are elevated sand filled palaeo-
channels and are described below), are a feature of this landscape and their distribution on the 
surface reveals several distinct fan systems. The radiometric signature of these quartzose fan 
deposits is very dark, due to the very low radioelement concentrations of the sediment (Figures 
3-ee, 3-ff). These areas are not farmed due to soil infertility, and are vegetated by cypress pine 
forests.  

Qas_2  Palaeo Stream Channel 
Sand Monkeys, or sand-filled palaeochannels, are mapped over large areas of the west Pilliga 
forest and the terraces surrounding Baradine, Etoo and Talubba creeks. The sand monkeys are 
peculiar features of the Pilliga landscape. They are recognisable on the ground by their slightly 
raised, convex surface, deep sandy soil (bright yellow or sometimes red) and sometimes a 
distinctive vegetation community. Sand monkeys generally retain their channel cross-section. 
On Landsat 7 images they appear as areas of less dense vegetation, with a dendritic, distributary 
stream pattern, and are often preferentially logged for their Cypress pines. On the ternary RGB 
radiometric image they commonly appear very dark as the quartzose sands, of which they are 
composed, have very low radioelement concentrations (Figures 3-ee, 3-ff ; Photograph 3-tt). 
The sand monkeys appear to be complexes of sand-choked channels which have repeatedly 
broken their banks and changed their course during flooding to form the fan-like patterns in a 
form of channel breakdown or floodout (Hesse and Humphries, 2000). Thermoluminescence 
age dating of sand monkeys (Hesse and Humphries 2000) has revealed ages of 40 000 – 60 000 
thousand years BP. Hesse (2000) has provided a schematic cross-section of the Pilliga 
Quaternary units near Narrabri (see figure 3-gg). 
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Figure 3-cc. Alluvial fans with a high potassium (K) radiometric signature emerging from the elevated 
volcanic areas of Nandewar Ranges near Narrabri. 

 

 
Figure 3-dd. Ternary radiometric image of alluvial fans with a high potassium (K) radiometric signature 
emerging from the elevated Nandewar Ranges near Narrabri. 
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Figure 3-ee. Radiometric image of an area south of Pilliga, highlighting fans of quartzose sand and 
raised remnants of sand filled palaeo channels (sand monkeys). Sand deposits have a “dark” 
radiometric signature due to the very low radioelement concentrations of the sediment. 

 
Figure 3-ff. Landsat image of an area south of Pilliga illustrating cypress pine forests (dark areas) 
developed over sandy piedmont plains and remnant sand-filled palaeo channels. 
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Photograph 3-tt. Slightly elevated, sand-filled palaeo channel (sand monkey) supporting Cypress pine 
trees (GR 666427 6579845). 

 

 
Figure 3-gg. Schematic cross section of Quaternary units in the Pilliga forest area (modified after 
Hesse 2000). 
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Aeolian Deposits – Dunes 
Aeolian landscapes formed by accumulated deposition of sand-sized particles through wind 
action. Aeolian landscapes typically include dunefields, dunes, blowouts, sand sheets and 
lunettes. Aeolian features mapped include rare undifferentiated dunes and sand sheets and 
lunettes. 
 
Ward (1999) completed a detailed study of the soil landscapes near Narrabri. He reported that 
the soils contained extensive aeolian deposits of silt and clay that have been partly reworked by 
sheet wash. Thermoluminescence dating of the Round Swamp lunette northwest of Narrabri 
suggests that the main period of aeolian activity was 13 000 BP during the Last Glacial. Young 
et al. (2002) also report that the Namoi plain bears the imprint of substantial aeolian imput, the 
fine sediment being transported by wind, and then deposited and reworked into the alluvial 
muds. 

Qdl_1 Lunettes 
Crescentic, or linear ridges on the lee side of lakes, salinas or other depressions. 
 
Lunettes and transgressive clay dunes form predominantly around the north-eastern margins of 
lakes. Lunettes form when pelletised clays which formed on salinised soil surfaces, usually lake 
beds, are deflated or blown out by wind action and deposited against a sediment trap such as 
lakeside vegetation. The resulting dunes are usually of crescentic form reflecting the direction 
of the prevailing wind. The pelletised clay sediment source for the dunes is thought to have 
been made available when lake beds have been salinised episodically by rising ground waters 
throughout the Quaternary period, the last dune-building phase being somewhere between 8,500 
and 14 000 years ago. A single thermoluminescence age date for the Round Swamp lunette near 
Narrabri has provided an age of 13 000 years. 

Qdx_1 Sand Ridges And Source Bordering Dunes 
Aeolian sand sheets and source-bordering dunes, are restricted in area, occurring on the eastern 
side of Etoo Creek west of Narrabri. This sand, mostly yellow, covers other units. They are 
composed of deep uniform yellow earthy sand, with minor clay. A single thermoluminescence 
age date for a source-bordering dune near Narrabri has provided an age of 39 000 years. Source-
bordering sand dunes may have been derived from adjacent sand-filled palaeo channels (Hesse 
2000). 
 

Residual And Colluvial Deposits 
Residual soil landscapes are dominated by sites where deep soils have formed from “in situ” 
weathering of parent materials. This has presumably taken place over long periods where the 
rate of soil formation has been greater than the erosion rate. Residual soils landscapes typically 
have level to undulating, elevated topography. 
 
Colluvial landscapes are affected by mass movement. Soil parent material consists mostly of 
colluvial mass movement debris including scree and talus along with other landslide, mudflow 
and creep deposits. 

Qrs_1  Soil Mantle 
Residual material or soil mantle derived from weathering of rock and remaining in place after 
part of the weathered material has been removed. 

Qrx_1  Undifferentiated colluvial deposits 
Colluvial sediment mass deposited from transport down a slope by gravity. Compared with 
alluvium, colluvium lacks bedding structure, is more variable in grain size, and contains 
material derived locally. 
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Qrh_3  Sheet Wash  
Sheet wash colluvium is deposited from transport by a very shallow flow of water as a sheet, or 
network of rills on the land surface. This feature predominates in the Pilliga outwash plain 
beneath the remnant palaeo channel deposits (sand monkeys). This unit is poorly exposed and 
understood. The surface is capped with a texture contrast (duplex) soil, typical of large areas of 
the plain. Weathering features include apparent silica cementing at depth, columnar iron 
structure also at depth, and iron, manganese and carbonate nodules in the shallower sediments. 
Over large areas pedogenesis has lead to the formation of very hard and impermeable pan 
(possibly silica cemented) in the shallow subsoil. This pan contributes to poor infiltration on the 
alluvial plain and enhances lateral runoff and the notoriously boggy soils. In places, scalding 
has exposed the pan and formed claypans which retain water after rain storms. Other areas of 
the alluvial plain are notable for their heavy clay soils and gilgai (Photograph 3-uu). A single 
thermoluminescence age date has provided an age for the clay deposit of  >88 000 years BP 
(Hesse 2000). 
 
Deeply weathered, koalinised profiles occur beneath this morphostratigraphic unit (Ward 1999, 
Young et al. 2002). Department of Land and Water Conservation water bore logs, also report 
these deeply weathered kaolinised horizons. 
 
 

 
Photograph 3-uu. Area of gilgai within the Pilliga outwash plain south west of Narrabri (GR 734786 6627013) 
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4. OUTPUTS 

4.1 GEOLOGY DATA SET 

The major output of this project has been an integrated geology geographic information systems 
data set covering the BBSB. This data set can be used to generate maps and to make enquiries 
on the mapped geological units. The coverage existing in ArcInfo format and can be used in 
ArcView and in ArcInfo. A detailed metadata statement describes the information within the 
spatial data sets is given in Appendix 3. A version of the simplified geology is shown in Plan 1 
(presented as a separate document A3 size). 
 

4.2 REPORT ON THIS PROJECT INCLUDING DESCRIPTION OF THE 
GEOLOGY OF THE BBSB 

This report which describes the geology of the BBSB is also a major output and provides 
references to the major publications which can be used to access additional information on the 
bioregion. 
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6.1 TABLE OF MAPPED GEOLOGICAL UNITS 

 
Letter 
Symbol 

Geological 
System 

Stratigraphic Names 
SuperGroup/Group_Suite/SubGroup
/Formation_Pluton/Member_unit 

Era Period Lithological Decription 
Note: Additional information is available in the 
digital data set 

Qacl1 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Unconsolidated silt and clay, minor sand. Commonly 
carbonaceous and flat to cross laminated. 

Qacm1 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Unconsolidated silt and clay, minor sand. Commonly 
carbonaceous and flat to cross laminated. 

Qacs1 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Unconsolidated silt and clay, minor sand. Commonly 
carbonaceous and flat to cross laminated. 

Qacv1 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Unconsolidated silt and clay, minor sand. Commonly 
carbonaceous and flat to cross laminated. 

Qaml1 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated silt and clay with sandy lenses and 
organic matter. Poor to moderately sorted. Bioturbation 
and desiccation cracking are common. Some cross 
bedding. 

Qamm1 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated silt and clay with sandy lenses and 
organic matter. Poor to moderately sorted. Bioturbation 
and desiccation cracking are common. Some cross 
bedding. 

Qams1 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated silt and clay with sandy lenses and 
organic matter. Poor to moderately sorted. Bioturbation 
and desiccation cracking are common. Some cross 
bedding. 

Qamv1 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated silt and clay with sandy lenses and 
organic matter. Poor to moderately sorted. Bioturbation 
and desiccation cracking are common. Some cross 
bedding. 

Qabl1 Quaternary - alluvial ///Unnamed/Backplain Cainozoic Quaternary Unconsolidated clay, silt and quartz sand. Common 
desiccation cracks. Laminated and contains rootlets. 

Qabm1 Quaternary - alluvial ///Unnamed/Backplain Cainozoic Quaternary Unconsolidated clay, silt and quartz sand. Common 
desiccation cracks. Laminated and contains rootlets. 

Qabs1 Quaternary - alluvial ///Unnamed/Backplain Cainozoic Quaternary Unconsolidated clay, silt and quartz sand. Common 
desiccation cracks. Laminated and contains rootlets. 

Qabv1 Quaternary - alluvial ///Unnamed/Backplain Cainozoic Quaternary Unconsolidated clay, silt and quartz sand. Common 
desiccation cracks. Laminated and contains rootlets. 
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Letter 
Symbol 

Geological 
System 

Stratigraphic Names 
SuperGroup/Group_Suite/SubGroup
/Formation_Pluton/Member_unit 

Era Period Lithological Decription 
Note: Additional information is available in the 
digital data set 

Qaem1 Quaternary - alluvial ///Unnamed/Levee bank Cainozoic Quaternary Vertical accretion deposits of sand. 

Qafm1 Quaternary - alluvial ///Unnamed/Crevasse splay fan Cainozoic Quaternary Unconsolidated silty clay with minor fine to medium 
sand. 

Qalm1 Quaternary - alluvial ///Unnamed/Abandoned stream 
channel 

Cainozoic Quaternary Sand, silt and clay. 

Qals1 Quaternary - alluvial ///Unnamed/Abandoned stream 
channel 

Cainozoic Quaternary Sand, silt and clay. 

Qalv1 Quaternary - alluvial ///Unnamed/Abandoned stream 
channel 

Cainozoic Quaternary Sand, silt and clay. 

Qanm1 Quaternary - alluvial ///Unnamed/Flood basin within an 
alluvial plain 

Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qaws1 Quaternary - alluvial ///Unnamed/Broad shallow 
depressions and clay pans within an 
alluvial plain 

Cainozoic Quaternary Clay 

Qapm1 Quaternary - alluvial ///Unnamed/Flood plain Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qatl1 Quaternary - alluvial ///Unnamed/Alluvial terrace Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qaps1 Quaternary - alluvial ///Unnamed/Flood plain Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qapv1 Quaternary - alluvial ///Unnamed/Flood plain Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qatm1 Quaternary - alluvial ///Unnamed/Alluvial terrace Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qats1 Quaternary - alluvial ///Unnamed/Alluvial terrace Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qatv1 Quaternary - alluvial ///Unnamed/Alluvial terrace Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qavl1 Quaternary - alluvial ///Unnamed/Alluvial terrace Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qavm1 Quaternary - alluvial ///Unnamed/Terraced valley Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qavs1 Quaternary - alluvial ///Unnamed/Terraced valley Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qavv1 Quaternary - alluvial ///Unnamed/Terraced valley Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 
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Letter 
Symbol 

Geological 
System 

Stratigraphic Names 
SuperGroup/Group_Suite/SubGroup
/Formation_Pluton/Member_unit 

Era Period Lithological Decription 
Note: Additional information is available in the 
digital data set 

Qffm1 Quaternary - fan / 
floodout 

///Unnamed/Alluvial fan Cainozoic Quaternary Interpreted sand, silt, clay 

Qffs1 Quaternary - fan / 
floodout 

///Unnamed/Alluvial fan Cainozoic Quaternary Interpreted sand, silt, clay 

Qffv1 Quaternary - fan / 
floodout 

///Unnamed/Alluvial fan Cainozoic Quaternary Interpreted sand, silt, clay 

Qfom1 Quaternary - fan / 
floodout 

///Unnamed/Flood out sheets Cainozoic Quaternary Interpreted sand, silt, clay 

Qfos1 Quaternary - fan / 
floodout 

///Unnamed/Flood out sheets Cainozoic Quaternary Interpreted sand, silt, clay 

Qfov1 Quaternary - fan / 
floodout 

///Unnamed/Flood out sheets Cainozoic Quaternary Interpreted sand, silt, clay 

Qfpl1 Quaternary - 
piedmont 

///Unnamed/Piedmont plain or bajada Cainozoic Quaternary Texture contrast soils with sand predominating at the 
surface (39-43ka). 

Qfpm1 Quaternary - 
piedmont 

///Unnamed/Piedmont plain or bajada Cainozoic Quaternary Texture contrast soils with sand predominating at the 
surface (39-43ka). 

Qfps1 Quaternary - 
piedmont 

///Unnamed/Piedmont plain or bajada Cainozoic Quaternary Texture contrast soils with sand predominating at the 
surface (39-43ka). 

Qfpv1 Quaternary - 
piedmont 

///Unnamed/Piedmont plain or bajada Cainozoic Quaternary Texture contrast soils with sand predominating at the 
surface (39-43ka). 

Qrsl1 Quaternary - residual ///Unnamed/Soil mantle Cainozoic Quaternary Residual soil over bedrock 

Qrsm1 Quaternary - residual ///Unnamed/Soil mantle Cainozoic Quaternary Residual soil over bedrock 

Qrxl1 Quaternary - colluvial ///Unnamed/Undifferentiated colluvial 
deposits 

Cainozoic Quaternary Colluvial polymictic gravel, sand, silt and clay; may 
include some eluvial in situ  regolith deposits 

Qrxm1 Quaternary - colluvial ///Unnamed/Undifferentiated colluvial 
deposits 

Cainozoic Quaternary Colluvial polymictic gravel, sand, silt and clay; may 
include some eluvial in situ  regolith deposits 

Qrxs1 Quaternary - colluvial ///Unnamed/Undifferentiated colluvial 
deposits 

Cainozoic Quaternary Colluvial polymictic gravel, sand, silt and clay; may 
include some eluvial in situ  regolith deposits 
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Letter 
Symbol 

Geological 
System 

Stratigraphic Names 
SuperGroup/Group_Suite/SubGroup
/Formation_Pluton/Member_unit 

Era Period Lithological Decription 
Note: Additional information is available in the 
digital data set 

Qrxv1 Quaternary - colluvial ///Unnamed/Undifferentiated colluvial 
deposits 

Cainozoic Quaternary Colluvial polymictic gravel, sand, silt and clay; may 
include some eluvial in situ  regolith deposits 

Qdll1 Quaternary - aeolian ///Unnamed/Lunettes Cainozoic Quaternary Unconsolidated sand 

Qdxl1 Quaternary - aeolian ///Unnamed/Sand ridges and source 
bordering dunes 

Cainozoic Quaternary Unconsolidated sand 

Qacl2 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Unconsolidated silt and clay, minor sand. Commonly 
carbonaceous and flat to cross laminated. 

Qacm2 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Unconsolidated silt and clay, minor sand. Commonly 
carbonaceous and flat to cross laminated. 

Qacs2 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Unconsolidated silt and clay, minor sand. Commonly 
carbonaceous and flat to cross laminated. 

Qacv2 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Unconsolidated silt and clay, minor sand. Commonly 
carbonaceous and flat to cross laminated. 

Qasl2 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Unconsolidated sand 

Qaml2 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated to semi-consolidated silt, silty clay and 
fine sand. Sorting poor to very poor. Minor medium 
sand, ferromagnesian nodules, charcoal and salts. 
Strongly modified by pedogenesis. 

Qamm2 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated to semi-consolidated silt, silty clay and 
fine sand. Sorting poor to very poor. Minor medium 
sand, ferromagnesian nodules, charcoal and salts. 
Strongly modified by pedogenesis. 

Qams2 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated to semi-consolidated silt, silty clay and 
fine sand. Sorting poor to very poor. Minor medium 
sand, ferromagnesian nodules, charcoal and salts. 
Strongly modified by pedogenesis. 

Qamv2 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated to semi-consolidated silt, silty clay and 
fine sand. Sorting poor to very poor. Minor medium 
sand, ferromagnesian nodules, charcoal and salts. 
Strongly modified by pedogenesis. 
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Letter 
Symbol 

Geological 
System 

Stratigraphic Names 
SuperGroup/Group_Suite/SubGroup
/Formation_Pluton/Member_unit 

Era Period Lithological Decription 
Note: Additional information is available in the 
digital data set 

Qabm2 Quaternary - alluvial ///Unnamed/Backplain Cainozoic Quaternary Unconsolidated silty clay with minor fine to medium 
sand and carbonate nodules. 

Qabv2 Quaternary - alluvial ///Unnamed/Backplain Cainozoic Quaternary Unconsolidated silty clay with minor fine to medium 
sand and carbonate nodules. 

Qatl2 Quaternary - alluvial ///Unnamed/Alluvial terrace Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qatv2 Quaternary - alluvial ///Unnamed/Alluvial terrace Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qffv2 Quaternary - fan / 
floodout 

///Unnamed/Alluvial fan Cainozoic Quaternary Interpreted sand, silt, clay 

Qfpl2 Quaternary - 
piedmont 

///Unnamed/Piedmont plain or bajada Cainozoic Quaternary Texture contrast soils with sand predominating at the 
surface (39-43ka). 

Qfpm2 Quaternary - 
piedmont 

///Unnamed/Piedmont plain or bajada Cainozoic Quaternary Texture contrast soils with sand predominating at the 
surface (39-43ka). 

Qfps2 Quaternary - 
piedmont 

///Unnamed/Piedmont plain or bajada Cainozoic Quaternary Texture contrast soils with sand predominating at the 
surface (39-43ka). 

Qfpv2 Quaternary - 
piedmont 

///Unnamed/Piedmont plain or bajada Cainozoic Quaternary Texture contrast soils with sand predominating at the 
surface (39-43ka). 

Qacl3 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Friable, quartzose sand with less than 20% silt and 
clay. Sand is fine to coarse grained and sub rounded 
with minor feldspar and mica. Moderately well to poorly 
sorted. Rare low angle cross-beds. 

Qacm3 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Friable, quartzose sand with less than 20% silt and 
clay. Sand is fine to coarse grained and sub rounded 
with minor feldspar and mica. Moderately well to poorly 
sorted. Rare low angle cross-beds. 

Qacv3 Quaternary - alluvial ///Unnamed/Stream channel Cainozoic Quaternary Friable, quartzose sand with less than 20% silt and 
clay. Sand is fine to coarse grained and sub rounded 
with minor feldspar and mica. Moderately well to poorly 
sorted. Rare low angle cross-beds. 

Qaml3 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated to poorly consolidated structureless silt 
and fine-medium grained sand. Very poorly sorted with 
grainsize decreasing to the north. Well developed soil 
profile with pisolite horizons. 

Qamm3 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated to poorly consolidated structureless silt 
and fine-medium grained sand. Very poorly sorted with 
grainsize decreasing to the north. Well developed soil 
profile with pisolite horizons. 
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Qams3 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated to poorly consolidated structureless silt 
and fine-medium grained sand. Very poorly sorted with 
grainsize decreasing to the north. Well developed soil 
profile with pisolite horizons. 

Qamv3 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Unconsolidated to poorly consolidated structureless silt 
and fine-medium grained sand. Very poorly sorted with 
grainsize decreasing to the north. Well developed soil 
profile with pisolite horizons. 

Qabm3 Quaternary - alluvial ///Unnamed/Backplain Cainozoic Quaternary Unconsolidated silt, clay and sand with carbonate 
nodules. Very poorly sorted. Commonly cracking. 

Qabs3 Quaternary - alluvial ///Unnamed/Backplain Cainozoic Quaternary Unconsolidated silt, clay and sand with carbonate 
nodules. Very poorly sorted. Commonly cracking. 

Qats3 Quaternary - alluvial ///Unnamed/Alluvial terrace Cainozoic Quaternary Interpreted clay, silt, sand, gravel. 

Qawm3 Quaternary - alluvial ///Unnamed/Swamps, sump basins, 
salinas within an alluvial plain 

Cainozoic Quaternary Unconsolidated grey to pale olive grey silt and minor 
fine to medium sand. Very poorly sorted. Calcrete in 
places occurs at shallow depths 

Qrhm3 Quaternary - colluvial ///Unnamed/Sheet wash Cainozoic Quaternary Clayey alluvium often gilgaid (>88ka). 

Qrhs3 Quaternary - colluvial ///Unnamed/Sheet wash Cainozoic Quaternary Clayey alluvium often gilgaid (>88ka). 

Qrhv3 Quaternary - colluvial ///Unnamed/Sheet wash Cainozoic Quaternary Clayey alluvium often gilgaid (>88ka). 

Qamm4 Quaternary - alluvial ///Unnamed/Meander plain Cainozoic Quaternary Partly consolidated polymictic granule to pebble 
conglomerate, with pale orange to red medium to 
coarse sandstone and rare claystone. The 
conglomerate is matrix-supported, with subangular to 
subrounded (occasionally rounded) imbricated pebbles 
of quartz 

Qafe Quaternary - alluvial ///Quaternary alluvium/Heavy minerals Cainozoic Quaternary Iron-rich sands 

Qahm Quaternary - alluvial ///Quaternary alluvium/Heavy minerals Cainozoic Quaternary Heavy mineral sands 

w Quaternary - alluvial ///Unnamed/Subaqueous lake deposits Cainozoic Quaternary water 

Twv Tertiary volcanics /Warrumbungle Volcanic 
Complex//Undifferentiated/ 

Cainozoic Tertiary Basalt, dolerite, trachyandesite, tristanite, trachyte, 
minor peralkaline trachyte, tuff. Peralkaline trachyte 
plugs & ring dykes 

Twb Tertiary volcanics /Warrumbungle Volcanic 
Complex//Unnamed/Basalt 

Cainozoic Tertiary Basalt 

Twr Tertiary volcanics /Warrumbungle Volcanic 
Complex//Rhyolite and trachyte/ 

Cainozoic Tertiary Trachyandesite, tristanite, trachyte, minor peralkaline 
trachyte, tuff 

Twm Tertiary volcanics /Warrumbungle Volcanic Cainozoic Tertiary Poorly sorted, matrix supported, mafic and trachytic 



Geology Integration and Upgrade DMR WRA 19 September 2002 

 126 

Letter 
Symbol 

Geological 
System 

Stratigraphic Names 
SuperGroup/Group_Suite/SubGroup
/Formation_Pluton/Member_unit 

Era Period Lithological Decription 
Note: Additional information is available in the 
digital data set 

Complex//Mudflows/ sediments 

Twi Tertiary volcanics /Warrumbungle Volcanic 
Complex//Intrusions/ 

Cainozoic Tertiary Trachyte plugs and dykes 

Tnr2 Tertiary volcanics /Nandewar Volcanic field//Unnamed/ Cainozoic Tertiary Alkali rhyolite and comendite plugs and domes. 

Tny Tertiary volcanics /Nandewar Volcanic field//Unnamed/ Cainozoic Tertiary Trachyte dykes & plugs 

Tnt2 Tertiary volcanics /Nandewar Volcanic field//Unnamed/ Cainozoic Tertiary Peralkaline trachyte plugs & ring dykes 

Tnt1 Tertiary volcanics /Nandewar Volcanic field//Unnamed/ Cainozoic Tertiary Hawaiite, trachyandesite, tristanite, trachyte, minor 
peralkaline trachyte, tuff 

Tnr1 Tertiary volcanics /Nandewar Volcanic field//Unnamed/ Cainozoic Tertiary Alkali rhyolite plugs and domes. 

Tnj Tertiary volcanics /Nandewar Volcanic field//Unnamed/ Cainozoic Tertiary Analcime dolerite & teschenite sills, dykes, & plugs 

Tnm Tertiary volcanics /Nandewar Volcanic 
field//Unnamed/Monzonite 

Cainozoic Tertiary Alkali monzonite 

Tcb Tertiary volcanics /Central Province//Unnamed/Basalt Cainozoic Tertiary Basalt 

Tcv Tertiary volcanics /Central Province//Unnamed/Basalt 
and Sediments 

Cainozoic Tertiary Basalt, red & white volcaniclastics, Tertiary soil 
horizons, & corundum-bearing sediments & basalt 
flows 

Tci Tertiary volcanics /Central Province//Unnamed/Basalt, 
trachytic? intrusive 

Cainozoic Tertiary Trachyte dykes & plugs 

Tl Tertiary volcanics /Liverpool Range 
Volcanics//Undifferentiated/ 

Cainozoic Tertiary Basalt, dolerite, polymictic conglomerate, quartzose 
sandstone, shale bole 

Tl2 Tertiary volcanics /Liverpool Range Volcanics//Intrusions/ Cainozoic Tertiary Basalt, dolerite, polymictic conglomerate, quartzose 
sandstone, shale bole. Negatively magnetised. 

Tl1 Tertiary volcanics /Liverpool Range Volcanics///Positively 
Magnetised 

Cainozoic Tertiary Basalt, dolerite, polymictic conglomerate, quartzose 
sandstone, shale bole. Positively magnetised. 

Tli Tertiary volcanics /Liverpool Range 
Volcanics///Negatively Magnetised 

Cainozoic Tertiary Alkali dolerite. 

Tlg Tertiary volcanics #REF! Cainozoic Tertiary Gravels, poorly consolidated sandstone, siltstone and 
carbonaceous claystone 

Tb Tertiary volcanics ///Unnamed/ Cainozoic Tertiary Tholeiite, alkali basalt, basanite, nephelinite, limburgite, 
trachyte, rare obsidian 

To Tertiary volcanics ///Unnamed/ Cainozoic Tertiary Undifferentiated basic sills, dykes & plugs 

Ty Tertiary volcanics ///Unnamed/ Cainozoic Tertiary Trachyte dykes & plugs 

Twg Tertiary sediments /Warrumbungle Volcanic 
Complex//Gravels/ 

Cainozoic Tertiary Gravels, poorly consolidated sandstone, siltstone and 
carbonaceous claystone 

Tcx Tertiary sediments /Central 
Province//Unnamed/Sediments 

Cainozoic Tertiary Gravel, sand, greybilly, diatomite, claystone. 

Ts Tertiary sediments ///Tertiary sediments/Colluvial 
sediments 

Cainozoic Tertiary Sand, silt, clay and gravel 
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Tg Tertiary sediments ///Unnamed/ Cainozoic Tertiary Sub-basaltic and/or high level quartz or polymictic 
gravels and sands, granitic lag, basaltic talus 

Ti Tertiary sediments /Warrumbungle Volcanic 
Complex//Unnamed/ 

Cainozoic Tertiary Beige coarse-grained silcrete with angular clasts of 
quartz and minor lithic clasts 

Klr Great Australian 
Basin - Surat Basin 
sediments 

/Rolling Downs 
Group//Undifferentiated/ 

Mesozoic Cretaceous Semiconsolidated grey and brown clays and claystone 
with minor fine clayey quartz sandstone and rare 
conglomerate and gravel. Partially laminated with 
occasional worm burrows. Towards the base, coal and 
blue-grey calcareous clay and calcarenite occur. 

Kld Great Australian 
Basin - Surat Basin 
sediments 

///Drildool beds/ Mesozoic Cretaceous Grey, fine grained lithic sandstone, laminated 
interbedded and intermixed with siltstone, mudstone 
and minor thin coal seams. Rare mudstone breccia. 
Sporadic pebbles, siderite nodules and fragments of 
mudstone and coal. 

JKlk Great Australian 
Basin - Surat Basin 
sediments 

///Keelindi beds/ Mesozoic Cretaceous Off-white, fine to coarse grained, poorly to well sorted, 
quartzose sandstone, pebbly sandstone and 
conglomerate interbedded with minor shale, siltstone 
and coal. Cross-bedded, kaolinitic and iron stained. 
Rare silicified wood, ?worm burrows. 

Jps Great Australian 
Basin - Surat Basin 
sediments 

///Pilliga Sandstone/ Mesozoic Jurassic Medium to very coarse grained, well sorted, angular to 
subangular quartzose sandstone. Minor interbeds of 
mudstone, siltstone and fine grained sandstone and 
coal. Common carbonaceous fragments and iron 
staining. Rare lithic fragments. Large scale tabular 

Jpu Great Australian 
Basin - Surat Basin 
sediments 

///Purlawaugh Formation/ Mesozoic Jurassic Fine to medium grained lithic to labile sandstone thinly 
interbedded with siltstone, mudstone and thin coal 
seams. Abundant carbonaceous fragments, thin beds 
of flint clay. 

Juf Great Australian 
Basin - Surat Basin 
sediments 

///Purlawaugh Formation/Talbragar 
fossil fish bed 

Mesozoic Jurassic Light brown laminated cherty siltstone, very fine-
grained sandstone interbeds, abundantly fossiliferous 
(fish and lacustrine plants)    Note: Protected site 

Jwx Great Australian 
Basin - Surat Basin 
sediments 

///Walloon Coal Measures/ Mesozoic Jurassic Very labile to sublabile sandstone, calcareous in 
places, minor mudstone and siltstone 

Jhs Great Australian 
Basin - Surat Basin 
sediments 

///Hutton Sandstone/ Mesozoic Jurassic Coarse to medium, quartz labile sandstone with minor 
conglomerate, siltstone, mudstone & coal 

RJux Great Australian 
Basin - Surat Basin 
sediments 

///Undifferentiated Surat Basin/ Mesozoic Triassic Sandstone, siltstone & mudstone 

Jgv Great Australian 
Basin - Surat Basin 
volcanics 

///Garrawilla Volcanics/ Mesozoic Jurassic Vesicular & non-vesicular, alkali-olivine basalt, 
hawaiite, basanite, mugearite & associated sills & plugs 
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Jbi Mesozoic Igneous 
Rocks 

/Bulga Complex//Undifferentiated/ Mesozoic Jurassic Massive flows and lava domes of microsyenite, 
phonolitic trachyte and phonolite 

Jgi Mesozoic Igneous 
Rocks 

///Glenrowan Intrusives / Mesozoic Jurassic Sills and dykes of alkali dolerite and micro-
syenodolerite 

Ma Mesozoic Igneous 
Rocks 

Mesozoic Igneous 
Rocks///Unnamed/Phonolite 

Mesozoic Undetermined Fine grained, mid-grey phonolite, trachyte, syenite 

Mb Mesozoic Igneous 
Rocks 

Mesozoic Igneous 
Rocks///Unnamed/Basalt 

Mesozoic Undetermined Flow-banded microlitic hawaiite lava, dolerite, basanitic 
basalt 

Md Mesozoic Igneous 
Rocks 

Mesozoic Igneous 
Rocks///Unnamed/Gabbro 

Mesozoic Undetermined Medium- to coarse-grained porphyritic alkali diorite, 
alkali gabbro, teschenite 

Mtk Mesozoic Igneous 
Rocks 

Mesozoic Igneous 
Rocks///Unnamed/Trachyte 

Mesozoic Undetermined Trachyte, quartz trachyte, minor phonolite, minor 
rhyolite - geophysics indicates that the body has 
elevated K, and low in Th and U; flows, tuffs, and 
intrusive plugs and necks 

Mts Mesozoic Igneous 
Rocks 

Mesozoic Igneous 
Rocks///Unnamed/Syenite 

Mesozoic Undetermined Syenite, microsyenite, nepheline microsyenite, 
phonolite, trachyte 

Mtt Mesozoic Igneous 
Rocks 

Mesozoic Igneous 
Rocks///Unnamed/Trachyte 

Mesozoic Undetermined Trachyte, quartz trachyte, rhyolite - geophysics 
indicates that the body has elevated U and Th, and 
moderate K; predominantly intrusive plugs and necks 

Mtu Mesozoic Igneous 
Rocks 

Mesozoic Igneous 
Rocks///Unnamed/Trachyte 

Mesozoic Undetermined Trachyte, syenite, tuff, minor rhyolite, minor phonolite, 
minor obsidian 

Mtx Mesozoic Igneous 
Rocks 

Mesozoic Igneous 
Rocks///Unnamed/Trachyte 

Mesozoic Undetermined Trachyte, quartz trachyte and analcite trachyte - 
geophysics indicates that the body is rich in K, Th and 
U; occurs predominantly as intrusive plugs and necks 

Rgc Warialda Trough ///Gragin Conglomerate/ Mesozoic Triassic Orthoconglomerate, sporadic paraconglomerate, minor 
lithic arenite & rare mudstone at the top of the unit 

Rgx Warialda Trough ///Gunnee Formation/ Mesozoic Triassic Interbedded conglomerate & very coarse lithic arenite; 
very coarse feldspatholithic gravel at the base, grades 
upwards into labile sandstone, siltstone & 
carbonaceous mudstone & minor coal 

Rdh Gunnedah Basin ///Deriah Formation/ Mesozoic Triassic Fine to medium grained lithic sandstone rich in volcanic 
fragments with common mudstone clasts overlain by 
off-white lithic sandstone and dark grey mudstone 

Rns Gunnedah Basin ///Napperby Formation/ Mesozoic Triassic Finely laminated quartzose sandstone & siltstone 
interbedded with thick, massive or crossbedded 
quartzose sandstone. Minor conglomerate 

Rdc Gunnedah Basin ///Digby Formation/ Mesozoic Triassic Poorly sorted, pebble to boulder orthoconglomerate, 
rare sandstone 
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Pnc Gunnedah Basin /Black Jack Group/Coolgal and Nea 
Subgroups/Trinkey Formation, Wallala 
Formation, Clare Sandstone, Benelabri 
Formation and Hoskissons Coal/ 

Palaeozoic Permian Includes Trinkey Formation Claystone, siltstone and 
fine grained sandstone intercalated with tuff, 
carbonaceous claystones and tuffaceous stoney coal 
seams Wallala Formation Fining up sequence of 
dominant lithic conglomerate, sandstone, siltstone, 
clayst 

Pbl Gunnedah Basin /Black Jack Group//Brothers 
Subgroup/Brigalow, Arkarula and 
Pamboola Formations 

Palaeozoic Permian Includes Brigalow Formation Fining-up sequence of 
medium grained quartzose sandstone and siltstone 
Arkarula Formation Fining-up sequence of fine-medium 
lithic sandstone and siltstone with worm burrows and 
Pamboola Formation Lithic sandstone, siltstone, c 

Pwf Gunnedah Basin /Millie Group//Watermark Formation/ Palaeozoic Permian Fining-up sequence of intensely bioturbated silty 
sandstone to siltstone/claystone laminite with marine 
fossils overlain by finely laminated siltstone/claystone 
with little bioturbation, then by coarsening-up 
sequences of strongly bioturbated silty to sa 

Pps Gunnedah Basin /Millie Group//Porcupine Formation/ Palaeozoic Permian Basal conglomerate passing upward into bioturbated 
silty sandstone and minor siltstone with dropped 
pebbles 

Pmx Gunnedah Basin /Bellata Group//Maules Creek 
Formation/ 

Palaeozoic Permian Basal carbonaceous claystone, pelletoidal clay 
sandstone, minor coal, passing upwards into upward-
fining cycles of sandstone, thinly bedded siltone / 
sandstone and coal. Conglomerate dominant towards 
top 

Plf Gunnedah Basin ///Liamena Rhyolite/ Palaeozoic Permian Rhyolite. 

Pwb1 Gunnedah Basin ///Werrie Basalt/ Palaeozoic Permian Basaltic lavas with intervening palaeosols and local, 
thin coals 

Pwb1b Gunnedah Basin ///Werrie Basalt/Basalt Palaeozoic Permian Basalt 

Pwb1r Gunnedah Basin ///Werrie Basalt/Rhyolite Palaeozoic Permian Rhyolite 

Pwb1s Gunnedah Basin ///Werrie Basalt/Sandstone Palaeozoic Permian Sandstone 

Pbr Gunnedah Basin ///Boggabri Volcanics/ Palaeozoic Permian Rhyolitic to dacitic lavas and ashflow tuffs with 
interbedded shale. 

Pe1 Gunnedah Basin ///Undifferentiated Permian Sediments/ Palaeozoic Permian Carbonaceous siltstone, quartz-lithic sandstone, 
conglomerate and coal lenses, rare varves 

Prv1 Gunnedah Basin ///Rylstone Volcanics/ Palaeozoic Permian Rhyolitic to dacitic pyroclastic rocks; tuffaceous 
sandstone, thin airfall tuff horizons, lavas 

Put Werrie Basin North ///Toll Bar Formation/Undifferentiated 
sediments 

Palaeozoic Permian Claystone, lithic sandstone, conglomerate, limestone 

Puo Werrie Basin North ///Borambil Creek 
Formation/Undifferentiated sediments 

Palaeozoic Permian Lithic sandstone and conglomerate 

Pli Werrie Basin North ///Willow Tree Formation/ Palaeozoic Permian Shale, lithic sandstone, conglomerate, coal 
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Pwc Werrie Basin North /Warrigundi Igneous 
Complex//Undifferentiated/Undifferenti
ated volcanics 

Palaeozoic Permian Pyroxene andesite, dacite, rhyolite flows and dykes, 
diorite 

Pwco Werrie Basin North /Warrigundi Igneous 
Complex//Unnamed/Unnamed diorite 

Palaeozoic Permian Diorite 

Pwb2 Werrie Basin North ///Werrie Basalt/ Palaeozoic Permian Basaltic lavas with intervening palaeosols and local, 
thin coals 

Plm1 Werrie Basin North ///Temi Formation/ Palaeozoic Permian Tuffaceous lithic sandstone and conglomerate, shale, 
carbonaceous shale 

Pm2 Werrie Basin South ///Murulla beds/ Palaeozoic Permian Coal seams, claystone, siltstone, sandstone, 
conglomerate. 

Pb Werrie Basin South ///Bickham Formation/Undifferentiated 
sediments 

Palaeozoic Permian Sandstones and conglomerates 

Pk Werrie Basin South ///Koogah Formation/Undifferentiated 
sediments 

Palaeozoic Permian Coals, carbonaceous shales and sandstones 

Pwb3 Werrie Basin South ///Werrie Basalt/ Palaeozoic Permian Basaltic lavas with intervening palaeosols and local, 
thin coals 

Plm2 Werrie Basin South ///Temi Formation/ Palaeozoic Permian Tuffaceous lithic sandstone and conglomerate, shale, 
carbonaceous shale 

Rna1 Sydney Basin - 
Hunter Coalfield 

/Narrabeen Group/// Mesozoic Triassic Pebbly lithic-quartz to quartz sandstone, red-brown to 
green mudstone, sporadic lenses of quartz 
paraconglomerate 

Pm1 Sydney Basin - 
Hunter Coalfield 

///Murulla beds/ Palaeozoic Permian Coal seams, claystone, siltstone, sandstone, 
conglomerate. 

Psl Sydney Basin - 
Hunter Coalfield 

Singleton Supergroup/Wollombi Coal 
Measures//Undifferentiated/Undifferent
iated sediments 

Palaeozoic Permian Coal seams, claystone (tuffaceous), siltstone, 
sandstone, conglomerate. Medium to coarse-grained 
sandstone (Watts Sandstone) 

Pswj Sydney Basin - 
Hunter Coalfield 

Singleton Supergroup/Wittingham Coal 
Measures/Jerrys Plains Subgroup and 
Denman Formation//Undifferentiated 
sediments 

Palaeozoic Permian Coal seams, claystone tuff, siltstone, sandstone, 
conglomerate and sandstone siltstone laminite 
(Denham Formation) 

Pswv Sydney Basin - 
Hunter Coalfield 

Singleton Supergroup/Wittingham Coal 
Measures/Vane Subgroup and 
Archerfield 
Sandstone//Undifferentiated sediments 

Palaeozoic Permian Coal seams, siltstone, lithic sandstone, shale, 
conglomerate. Well sorted quartz lithic sandstone 
(Archerfield Sandstone) 

Psws Sydney Basin - 
Hunter Coalfield 

Singleton Supergroup/Wittingham Coal 
Measures//Saltwater Creek 
Formation/Undifferentiated sediments 

Palaeozoic Permian Sandstone, siltstone, minor coal bands 

Pmm Sydney Basin - 
Hunter Coalfield 

/Maitland Group//Mulbring 
Siltstone/Undifferentiated sediments 

Palaeozoic Permian Siltstone, claystone, minor fine-grained sandstone 

Pmb Sydney Basin - 
Hunter Coalfield 

/Maitland Group//Branxton 
Formation/Undifferentiated sediments 

Palaeozoic Permian Conglomerate, sandstone, siltstone 
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Pgr Sydney Basin - 
Hunter Coalfield 

/Greta Coal Measures//Rowan 
Formation/Undifferentiated coal & 
sediments 

Palaeozoic Permian Coal seams, siltstone, sandstone 

Rna2 Sydney Basin - 
Western Coalfield 

/Narrabeen Group/// Mesozoic Triassic Pebbly lithic-quartz to quartz sandstone, red-brown to 
green mudstone, sporadic lenses of quartz 
paraconglomerate 

Pi Sydney Basin - 
Western Coalfield 

/Illawarra Coal Measures/// Palaeozoic Permian Quartz-lithic sandstone, mudstone (sporadically 
carbonaceous),  claystone, coal, torbanite, rhyolitic tuff, 
some lenses of polymictic conglomerate 

Ps Sydney Basin - 
Western Coalfield 

/Shoalhaven Group/// Palaeozoic Permian Polymictic conglomerate, lithic sandstone, shale, 
siltstone, claystone, minor carbonate and evaporite 

Prv2 Sydney Basin - 
Western Coalfield 

///Rylstone Volcanics/ Palaeozoic Permian Rhyolitic to dacitic pyroclastic rocks; tuffaceous 
sandstone, thin airfall tuff horizons, lavas 

Rluu New England Fold 
Belt - New England 
Batholith 
Leucogranites 

/Leucogranite//Dumboy-Gragin 
Granite/ 

Mesozoic Triassic Leucocratic, medium to coarse-grained syenogranite 
with K-feldspar megacrysts common & a micrographic 
to granophyric texture developed in places 

Pabd New England Fold 
Belt - New England 
Batholith Clarence 
River Plutonic Suite 

/Clarence River Plutonic Suite//Boxwell 
Granodiorite/ 

Palaeozoic Permian Dark grey, medium to coarse-grained, equigranular, 
hornblende-bearing monzodiorite & quartz 
monzodiorite 

PRug New England Fold 
Belt - New England 
Batholith 
Undifferentiated 
intrusives 

///Undifferentiated Intrusives/ Palaeozoic-
Mesozoic 

Permian-Triassic Felsic to intermediate intrusives. 

Pbg New England Fold 
Belt - New England 
Batholith Bundarra 
Plutonic Suite 

/Bundarra Plutonic 
Suite//Undifferentiated/ 

Palaeozoic Carboniferous-
Permian 

Coarse to very coarse grained, porphyritic & 
equigranular (biotite) - (muscovite) - (garnet) -
(cordierite) granite & leucogranite. K-feldspar 
megacrysts abundant in places 

Cuw New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/Undifferentiated Palaeozoic Carboniferous Ignimbrites (rhyolitic, dacitic and andesitic), rhyolite 
flows, dacite dome, rhyolitic agglomerate & 
conglomerate, & interbedded thinly bedded ash-rich 
siltstone, medium to thick bedded, medium to coarse 
grained volcanolithic sandstone & thick bedded con 

Cuwp1 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Purple, red or beige, felsic volcanic breccia and grey to 
green andesitic ignimbrite  (hornblende + biotite) 

Cuwp2 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Crystal-rich, grey, beige or red, unwelded,  rhyolitic 
ignimbrite 

Cuwp3 New England Fold ///Willuri  Formation/unnamed member Palaeozoic Carboniferous Moderately welded, purple rhyolitic ignimbrite 
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Belt - Tamworth Belt 
west 

Cuwpr New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/Plagyan Ignimbrite Palaeozoic Carboniferous Interbedded coarse grey,  or purple rhyolitic ignimbrite 
and interbedded grey hornblende-rich dacitic to 
andesitic ignimbrite 

Cuwr1 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Red-green, glassy to partly pumiceous, unwelded 
ignimbrite ; 324.0±3.0 1 sigma, Pb loss, loc 429-1, 
0244559 6603207 

Cuwr2 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Purple, slightly welded, rhyolitic ignimbrite; 320.8±1.8 1 
sigma, loc 512-1A, 0244001 6603630 

Cuwr3 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Purple, welded, rhyolitic ignimbrite 

Cuwr4 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Purple, pumiceous, unwelded, rhyolitic ignimbrite 

Cuwr5 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Beige, welded, rhyolitic ignimbrite; flow foliated, glassy 

Cuwr6 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Beige, welded, pumiceous, rhyolitic ignimbrite, glassy 
at base; 310.6±2.1 1 sigma AS3 standard , loc 429-2 
0242010 6604876 

Cuwr7 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Beige, pumiceous, unwelded, rhyolitic ignimbrite 

Cuwr8 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Grey, beige to red, coarse, crystal-rich 
pyroclastic/ignimbrite; vitric in places; 311.0±2.0 1 
sigma AS3 standard, loc 429-6 0239787 6604990 

Cuwr9 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Beige, rhyolite lava, glassy at base, in north; rhyolitic 
ignimbrite to south 

Cuwr10 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Grey, fine grained, rhyolite lava 

Cuwr11 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Crystal-rich, beige, pumiceous ignimbrite/resedimented 
pyroclastic with overlying red rhyolitic ignimbrite in 
north 

Cuwr12 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Grey to beige, welded, rhyolitic ignimbrite; pumiceous, 
flow foliated, glassy to spherulitic 
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Cuwr13 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Fine, slightly welded, ash-rich, rhyolitic ignimbrite with 
small scattered crystals  of quartz & feldspar 

Cuwr14 New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/unnamed member Palaeozoic Carboniferous Purple to beige, welded rhyolitic ignimbrite 

Cuwb New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/Bunaleer Dacite Palaeozoic Carboniferous Grey, strongly flow foliated, dacite; dome-like structure 
4x1.5 km, interbedded glass, pyroclastics and 
conglomerate at flanks; 316.3±2.7 Ma 1 sigma, AS3, 
loc 432-7, 0238859 6610351; related flow remnants 
south of dome 

Cuwr New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/Birken Head 
Rhyolite 

Palaeozoic Carboniferous Beige, pink or grey, rhyolitic ignimbrite, agglomerate, 
conglomerate, coarse resedimented rhyolitic sandstone 
and minor rhyolite flows 

Cuwp New England Fold 
Belt - Tamworth Belt 
west 

///Willuri Formation/Penryn Rhyolite Palaeozoic Carboniferous Beige-orange rhyolite lava, glass and welded, rhyolitic 
ignimbrite 

Cuwg New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/Gunnan Ignimbrite Palaeozoic Carboniferous Brown-grey, coarse, crystal-rich, slightly welded to 
unwelded, rhyolitic ignimbrite 

Cuwy New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/Yarralumba 
Rhyolite 

Palaeozoic Carboniferous Purple-red, welded to unwelded, rhyolitic ignimbrite 

Cuwt New England Fold 
Belt - Tamworth Belt 
west 

///Willuri Formation/Tranquille Dacite Palaeozoic Carboniferous Grey-brown, welded, dacitic ignimbrite containing 
hornblende and glassy horizons 

Cuwo New England Fold 
Belt - Tamworth Belt 
west 

///Willuri  Formation/Ourinperee 
Ignimbrite 

Palaeozoic Carboniferous Beige, purple to red, unwelded to slightly welded 
rhyolitic ignimbrite; underlain by pyroxene andesite at 
'Ourimperee' 

Cbc New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula 
Formation/Undifferentiated sediments 

Palaeozoic Carboniferous Paraconglomerate, orthoconglomerate, crossbedded 
feldspathic & lithic sandstone, siltstone, mudstone & 
minor limestone. Felsic ashflow & airfall tuff, rhyolitic-
andesitic crystal & vitric tuff. Includes talus at base of 
Mooki Thrust escarpment 

Cba New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Cana Creek 
Ignimbrite Member 

Palaeozoic Carboniferous Rhyolitic, green, crystal-rich tuff, consisting of 
volcaniclastic and pyroclastic facies, dominantly 
reworked 

Cbb New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Brogans 
Ignimbrite 

Palaeozoic Carboniferous Beige, unwelded, rhyolitic ignimbrite, pumiceous in part 

Cbcs New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Unnamed 
sandstone 

Palaeozoic Carboniferous Sandstone 
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Cbcc New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula 
Formation/Conglomerate 

Palaeozoic Carboniferous Conglomerate 

Cbd New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Tremaine 
Tuff Member (Inf) 

Palaeozoic Carboniferous Lightly welded crystal-vitric tuff. Heulandite-rich 

Cbf New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/White Rocks 
Tuff Member (Inf) 

Palaeozoic Carboniferous Tuff 

Cbg New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Gun Barrel 
Tuff Member (Inf) 

Palaeozoic Carboniferous Tuff 

Cbh New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Bald Hill Tuff 
Member (Inf) 

Palaeozoic Carboniferous Buff brown coloured, andesitic, highly welded vitric tuff, 
containing celadonite 

Cbi New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Iventure 
Ignimbrite Member 

Palaeozoic Carboniferous Ignimbrite 

Cbk New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Back Creek 
Tuff Member (Inf) 

Palaeozoic Carboniferous Tuff 

Cbl New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Allawa Tuff 
Member (Inf) 

Palaeozoic Carboniferous Tuff 

Cbm New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Castle 
Mountain Tuff Member (Inf) 

Palaeozoic Carboniferous Tuff 

Cbn New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Inglewood 
member 

Palaeozoic Carboniferous Laminated to massive, multicoloured, silty mudstone, 
fine to medium grained, beige, lithic sandstone (some 
with rip-up clasts), diamictite and conglomerate 

Cbo New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Chilcotts 
Creek Tuff Member (Inf) 

Palaeozoic Carboniferous Tuff 

Cbp New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Piallaway 
Trig Ignimbrite Member 

Palaeozoic Carboniferous Ignimbrite 

Cbr New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation?/Tara 
Formation (Inf) 

Palaeozoic Carboniferous Fine-grained laminated deposits composed 
predominantly of volcanic ash, subordinate mudstone 

Cbt New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Taggarts 
Mountain Ignimbrite Member 

Palaeozoic Carboniferous Ignimbrite 
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Cbu New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/ Highlands 
Creek Tuff Member (Inf) 

Palaeozoic Carboniferous Tuff 

Cbv New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Unnamed 
tuff members 

Palaeozoic Carboniferous Tuff 

Cbwr New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation?/Willawarra 
Dacite 

Palaeozoic Carboniferous Rhyodacite 

Cbx New England Fold 
Belt - Tamworth Belt 
south 

///Currabubula Formation/Two 
pyroxene andesite 

Palaeozoic Carboniferous Dark grey andesite with plagioclase, ?augite, 
hypersthene  and biotite in a glassy to devitrified 
groundmass. Kelk (1986) is unsure if it is a flow or 
intrusion. 

Cms New England Fold 
Belt - Tamworth Belt 
south 

///Merlewood Formation/ Palaeozoic Carboniferous Coarse crossbedded feldspathic and lithic sandstone, 
minor conglomerate, mudstone and limestone 

Cms1k New England Fold 
Belt - Tamworth Belt 
south 

///Merlewood Formation/Kyndalyn 
Mudstone Member 

Palaeozoic Carboniferous Ignimbrite 

Cms1kl New England Fold 
Belt - Tamworth Belt 
south 

///Merlewood Formation/Kyndalyn 
Mudstone Member 

Palaeozoic Carboniferous Limestone lenses 

Cmsa New England Fold 
Belt - Tamworth Belt 
south 

///Merlewood Formation/Unnamed 
ignimbrite 

Palaeozoic Carboniferous Red-pink, unwelded ignimbrite, moderately to strongly 
pumiceous south of Liverpool Range; pumices absent 
north of range 

Cmsb New England Fold 
Belt - Tamworth Belt 
south 

///Merlewood Formation/Unnamed 
ignimbrite 

Palaeozoic Carboniferous Red, unwelded, shard-rich ignimbrite, usually 
pumiceous; resedimented in places; SHRIMP ages 
range from 346.1±2.5, 345.5±2.5 to 348.1±1.8 (1 
sigma) from between Liverpool Ra in N and Waverley 
Fault in S 

Cmsc New England Fold 
Belt - Tamworth Belt 
south 

///Merlewood Formation/Unnamed 
ignimbrite 

Palaeozoic Carboniferous Fine, unwelded, grey-beige-purple, welded to non-
welded ignimbrite with small feldspars and minor 
quartz; SHRIMP AS3 age of 327.9±3.6 (1 sigma) from 
loc 469-43 0309515 6484148; 

Cmsd New England Fold 
Belt - Tamworth Belt 
south 

///Merlewood Formation/Unnamed 
ignimbrite 

Palaeozoic Carboniferous Unwelded pink-beige-purple pumiceous rhyolitic 
ignimbrite, glassy at base; SHRIMP AS3 age of 
326.8¦ 1.9 (1 sigma) from loc 488-16C 0312899 
6472910 

Cmbk New England Fold 
Belt - Tamworth Belt 
south 

///Andesite (correlative to Kingsmill's 
Peak Andesite (inf)?)/Unnamed 
andesite 

Palaeozoic Carboniferous Pyroxene andesite 

Cmbk1 New England Fold 
Belt - Tamworth Belt 

///Kingsmills Peak andesite 
(inf)/Andesite 

Palaeozoic Carboniferous Intrusive, porphyritic pyroxene andesite. Contains 
rafted Coepolly Conglomerate lenses 
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south 

Cs New England Fold 
Belt - Tamworth Belt 
south 

///Seaham Formation/Undifferentiated 
sediments 

Palaeozoic Carboniferous Tillite, varved silstones, tuff, red and green zeolitic 
mudstone with dropstones interbedded within thick 
bedded lithic sandstone and conglomerate 

Csk New England Fold 
Belt - Tamworth Belt 
south 

///Seaham Formation/Kewell Creek 
Volcanics 

Palaeozoic Carboniferous Rhyolitic ignimbrites, flows, agglomerate and 
resedimented rhyolitic siltstone, sandstone and 
conglomerate 

Ci New England Fold 
Belt - Tamworth Belt 
south 

///Isismurra Formation/Undifferentiated Palaeozoic Carboniferous Coarse lithic sandstone and conglomerate. Welded and 
nonwelded tuffs. 

Civ New England Fold 
Belt - Tamworth Belt 
south 

///Isismurra Formation/Undifferentiated 
ignimbrites 

Palaeozoic Carboniferous Ignimbrites, usually unwelded red ignimbrites, some 
rhyolitic as follows; purple, unwelded ignimbrite at 
0312639 6460924  ; beige, welded ignimbrite at 
0302981 6456838; beige, welded ignimbrite at 
0302447 6445802 

Cin New England Fold 
Belt - Tamworth Belt 
south 

///Isismurra Formation/Native Dog 
Member 

Palaeozoic Carboniferous Purple and buff welded tuff, red welded tuff. 

Cia New England Fold 
Belt - Tamworth Belt 
south 

///Isismurra Formation/Ayr 
Conglomerate 

Palaeozoic Carboniferous Coarse lithic conglomerate. 

Cls New England Fold 
Belt - Tamworth Belt 
north 

///Lark Hill Formation/ Palaeozoic Carboniferous Coarse lithic & feldspathic arenite, subordinate 
orthoconglomerate & paraconglomerate, siltstone & 
rhyodacitic and dacitic ashflow tuff 

Crc New England Fold 
Belt - Tamworth Belt 
north 

///Rocky Creek Conglomerate/ Palaeozoic Carboniferous Coarse bolder, cobble & pebble fluvial 
orthoconglomerate & paraconglomerate, minor 
feldsarenite & litharenite and intermediate ash flow, & 
glaciolacustrine tillite 

Crpr New England Fold 
Belt - Tamworth Belt 
north 

///Rocky Creek Conglomerate/Plagyan 
Rhyodacitic Tuff Member 

Palaeozoic Carboniferous Multiple beds of rhyolitic to andesitic crystal and vitric 
tuff 

Crv1 New England Fold 
Belt - Tamworth Belt 
north 

///Rocky Creek 
Conglomerate/Unnamed ignimbrite 

Palaeozoic Carboniferous Red-beige, unwelded rhyolitic  ignimbrite 

Crv2 New England Fold 
Belt - Tamworth Belt 
north 

///Rocky Creek 
Conglomerate/Unnamed ignimbrite 

Palaeozoic Carboniferous Red-green, unwelded, pumiceous ignimbrite; 
interbedded with siltstone in south;  at northern 
extremity grades into resedimented volcanolithic 
sandstone 

Crv3 New England Fold 
Belt - Tamworth Belt 
north 

///Rocky Creek 
Conglomerate/Unnamed agglomerate 
& ignimbrite 

Palaeozoic Carboniferous Purple, volcanic agglomerate and interbedded, purple, 
ash-rich ignimbrite 

Crv4 New England Fold ///Rocky Creek Palaeozoic Carboniferous Purple to beige, welded, rhyolitic ignimbrite 
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Belt - Tamworth Belt 
north 

Conglomerate/Unnamed ignimbrite 

Crv5 New England Fold 
Belt - Tamworth Belt 
north 

///Rocky Creek 
Conglomerate/Unnamed ignimbrite 

Palaeozoic Carboniferous Red, welded, rhyolitic ignimbrite 

Ccs New England Fold 
Belt - Tamworth Belt 
north 

///Clifden Formation/ Palaeozoic Carboniferous Cross bedded coarse grained fluvial feldspathic & lithic 
sandstone, subordinate orthoconglomerate, mudstone, 
carbonaceous shale & felsic to intermediate tuff 

Ccv New England Fold 
Belt - Tamworth Belt 
north 

///Clifden Formation/Unnamed 
ignmbrite 

Palaeozoic Carboniferous Beige, unwelded, rhyolitic ignimbrite; single outcrop at 
southern closure of Rocky Creek Syncline 

Ccv1 New England Fold 
Belt - Tamworth Belt 
north 

///Clifden Formation/Unnamed 
ignmbrite 

Palaeozoic Carboniferous Fine grained, red, resedimented, shard and crystal-rich, 
unwelded ignimbrite; preserved in pods beneath the 
Peri Rhyolite 

Ccv2 New England Fold 
Belt - Tamworth Belt 
north 

///Clifden Formation/Unnamed 
ignmbrite 

Palaeozoic Carboniferous Red-beige, unwelded, rhyolitic ignimbrite 

Ccv3 New England Fold 
Belt - Tamworth Belt 
north 

///Clifden Formation/Unnamed 
ignmbrite 

Palaeozoic Carboniferous Pink-beige, unwelded, rhyolitic ignimbrite 

Ccpr New England Fold 
Belt - Tamworth Belt 
north 

///Clifden Formation/Peri Rhyodacite 
Tuff 

Palaeozoic Carboniferous Rhyodacitic ash flow vitric tuff 

Ccad New England Fold 
Belt - Tamworth Belt 
north 

///Clifden Formation/Appleogue Dacite Palaeozoic Carboniferous Grey to black, ignimbritic, horblende dacite to 
resedimented, volcanolithic sandstone 

Ccwa New England Fold 
Belt - Tamworth Belt 
north 

///Clifden Formation/Wanganui 
Andesite 

Palaeozoic Carboniferous Unwelded, dark grey, ignimbritic, pyroxene andesite 

Cea New England Fold 
Belt - Tamworth Belt 
north 

///Ermelo Dacite Tuff/ Palaeozoic Carboniferous Coarse grained dacitic, crystal vitric tuff, crystal rich 
sandstone & boulder conglomerate; many lithologies 
are extensively zeolitised 

Csc New England Fold 
Belt - Tamworth Belt 
north 

///Spion Kop Conglomerate/ Palaeozoic Carboniferous Cobble sized fluvial orthoconglomerate, subordinate 
wacke & siltstone 

Cas New England Fold 
Belt - Tamworth Belt 
north 

///Caroda Formation/ Palaeozoic Carboniferous Cross bedded lithic arenite & conglomerate, 
subordinate laminated shale, siltstone, lenticular oolitic 
limestone, magnetite horizons. Succeeded by coarse 
fluvial litharenite, minor pebbly sandstone, shale, thin 
coal, conglomerate & andesitic tuff 

Casl New England Fold 
Belt - Tamworth Belt 
north 

///Caroda Formation/Unnamed 
limestone 

Palaeozoic Carboniferous Limestone 
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Cas1 New England Fold 
Belt - Tamworth Belt 
north 

///Caroda Formation/Unnamed 
Volcanics 

Palaeozoic Carboniferous Tuff 

Cabb New England Fold 
Belt - Tamworth Belt 
north 

///Caroda Formation/Barneys Springs 
Andesite Member 

Palaeozoic Carboniferous Porphyritic andesite 

Cpnf New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Namoi 
Formation/Undifferentiated sediments 

Palaeozoic Carboniferous Mudstone, minor, calcareous, feldspathic sandstone 
and limestone 

Cpnl New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Namoi 
Formation/Unnamed limestone 

Palaeozoic Carboniferous Limestone 

Cpnc New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Namoi 
Formation/Unnamed Conglomerate 

Palaeozoic Carboniferous Conglomerate 

Cpns New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Namoi 
Formation/Unnamed Sandstone 

Palaeozoic Carboniferous Sandstone 

Cpnpc New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Namoi Formation/Pallal 
Conglomerate Member 

Palaeozoic Carboniferous Cross bedded coarse grained wacke, lenticular 
orthoconglomerate & siltstone 

Cpts New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Tulcumba Sandstone/ Palaeozoic Carboniferous Coarse, crossbedded feldsarenite, siltstone, 
conglomerate, calcareous mudstone, oolitic & bioclastic 
limestone 

Cptrl New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Tulcumba 
Sandstone/Rangari Limestone 

Palaeozoic Carboniferous Fine grained oolitic crinoidal limestone & minor 
bioclastic limestone 

Cptl New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Tulcumba 
Sandstone/Unnamed oolitic limestone 

Palaeozoic Carboniferous Oolitic limestone. 

Cpgx New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Tangaratta Formation/ Palaeozoic Carboniferous Thinly bedded, fine grained feldsarenite, siltstone, 
mudstone & rare limestone 

Cpls New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Luton Formation/ Palaeozoic Carboniferous Calcareous & arkosic arenite, siltstone & claystone with 
orthoconglomerate towards the base; rare limestone 
lenses & tuff; laminite extensively developed in the 
north 

Dpmf New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Mandowa Mudstone/ Palaeozoic Devonian Grey, thinly bedded, laminated & massive mudstone 
with subordinate, thin siltstone and fine sandstone 

Dpmkl New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Mandowa 
Mudstone/Kiah Limestone 

Palaeozoic Devonian Fine grained, grey, thinly bedded & laminated micritic 
limestone 
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Dpmv New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Mandowa 
Mudstone/Unnamed Volcanic Member 

Palaeozoic Devonian Tuff 

Dpms New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Mandowa 
Mudstone/Sandstone 

Palaeozoic Devonian Sandstone 

Dpkc New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Keepit Conglomerate/ Palaeozoic Devonian Polymictic pebble to boulder conglomerate, labile lithic 
& feldspatholithic arenite & subordinate massive & 
laminated mudstone. Rare local andesite & dacite 
olistoliths 

Dpkc1 New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Kepit 
Conglomerate/Conglomerate 

Palaeozoic Devonian Conglomerate 

Dpkc2 New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Kepit 
Conglomerate/Sandstone 

Palaeozoic Devonian Sandstone 

Dpkv New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Kepit 
Conglomerate/Unnamed Volcanic 
Member 

Palaeozoic Devonian Tuff 

Dpmx New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Mostyn Vale Formation/ Palaeozoic Devonian Pebbly lithic wacke, diamictite, lithic wacke, 
orthoconglomerate, olistostromal volcanic breccia, 
rhyodacitic to basaltic lavas, tuffs, agglomerates, rare 
limestone 

Dpmx1 New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Mostyn Vale 
Formation/Unnamed Upper Unit 

Palaeozoic Devonian Pebbly lithic wacke, diamictite, lithic wacke, 
orthoconglomerate, olistostromal volcanic breccia, 
rhyodacitic to basaltic lavas, tuffs, agglomerates, rare 
limestone 

Dpmx1v New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Mostyn Vale 
Formation/Unnamed Volcanic Member 

Palaeozoic Devonian Tuff 

Dpmx2 New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Mostyn Vale 
Formation/Unnamed Lower Unit 

Palaeozoic Devonian Pebbly lithic wacke, diamictite, lithic wacke, 
orthoconglomerate, olistostromal volcanic breccia, 
rhyodacitic to basaltic lavas, tuffs, agglomerates, rare 
limestone 

Dpmx2v New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Mostyn Vale 
Formation/Unnamed Volcanic Member 

Palaeozoic Devonian Tuff 

Dplf New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Lowana Formation/ Palaeozoic Devonian Green-black,thinly bedded siltstone & mudstone with 
thin white tuffaceous beds 

Dpns New England Fold 
Belt - Tamworth Belt 
north 

/Parry Group//Noumea beds/ Palaeozoic Devonian Interbedded massive & andesitic lithic wacke, pebbly 
wacke, laminated siltstone & mudstone 
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Ctx New England Fold 
Belt - Accretionary 
complex Central 
block 

/Texas beds//Undifferentiated/ Palaeozoic Carboniferous Low grade regionally metamorphosed, variably 
deformed lithic wacke, conglomerate, siltstone, 
mudstone, chert, basalt & rare tuff 

Ctb New England Fold 
Belt - Accretionary 
complex Central 
block 

/Texas beds//Unnamed volcanics/ Palaeozoic Carboniferous Basic & andesitic volcanics 

Ctal New England Fold 
Belt - Accretionary 
complex Central 
block 

/Texas beds//Ashford Limestone/ Palaeozoic Carboniferous Fossiliferous limestone, marble & magnetite-rich rock 

Cws New England Fold 
Belt - Accretionary 
complex Central 
block 

///Whitlow Formation/ Palaeozoic Carboniferous Low grade regionally metamorphosed, multiply 
deformed thickly bedded, feldspathic & volcanic lithic 
wacke, interbedded siltstone, fine wacke & minor 
conglomerate & rare olistostromal limestone; some 
siltstone & wacke are tuffaceous 

DCcf New England Fold 
Belt - Accretionary 
complex Central 
block 

///Cara Formation/ Palaeozoic Devonian Low grade regionally metamorphosed, multiply 
deformed siliceous & tuffaceous thinly bedded argillite, 
chert, volcaniclastic wacke, pebble conglomerate & 
rare basalt 

SDwbf New England Fold 
Belt - Accretionary 
complex Central 
block 

Woolomin association/Woolomin 
Group//Bobs Creek Formation/ 

Palaeozoic Silurian-Devonian Low grade regionally metamorphosed, multiply 
deformed thinly bedded chert, mudstone, wacke, basic 
volcanic & rare limestone 

SDwnx New England Fold 
Belt - Accretionary 
complex Central 
block 

Woolomin association/Woolomin 
Group//Nangahrah Formation/ 

Palaeozoic Silurian-Devonian Low grade regionally metamorphosed, multiply 
deformed chert, lithic & volcaniclastic wacke, breccia, 
basic volcanics, siltstone, mudstone & rare limestone 

SDwx New England Fold 
Belt - Accretionary 
complex Central 
block 

Woolomin association/Woolomin 
Group//Undifferentiated Woolomin 
Group/ 

Palaeozoic Silurian-Devonian Low grade regionally metamorphosed, multiply 
deformed chert, wacke, basic volcanic & mudstone; 
lateral equivalent of Bobs Creek and Nangahrah 
Formations 

ESwm New England Fold 
Belt - Serpentinite 

/Great Serpentinite Belt//Woodsreef 
Melange/Unnamed serpentinite 

Palaeozoic Cambrian Schistose, sheared serpentinite that locally hosts 
plagiogranite, harzburgite, basalt, gabbro, dolerite & 
sedimentary rock 

Cug Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions/Gulgong 
Plutonic Suite//Ulan Quartz Monzonite/ 

Palaeozoic Carboniferous Megacrystic biotite subporphyritic quartz monzonite 

Cgg Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions/Gulgong 
Plutonic Suite//Gulgong Granite/ 

Palaeozoic Carboniferous Leucocratic medium- to coarse-grained porphyritic 
megacrystic granite, minor aplite phases, minor quartz 
monzonite 
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Cgga Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions/Gulgong 
Plutonic Suite//Unnamed/Aplite 

Palaeozoic Carboniferous Aplite 

Cggp Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions/Gulgong 
Plutonic Suite//Unnamed/Porphyry 

Palaeozoic Carboniferous Quartz-feldspar porphyritic rhyolite 

Clm Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions/Gulgong 
Plutonic Suite//Leadville Quartz 
Monzonite/ 

Palaeozoic Carboniferous Porphyritic quartz monzonite 

Com Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions/Gulgong 
Plutonic Suite//Old Leake Quartz 
Monzonite/ 

Palaeozoic Carboniferous Mafic quartz monzonite 

Cwma Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions///Wuuluman 
Granite/ 

Palaeozoic Carboniferous Leucocratic aplitic 1-2 mm granite as discontinuous 
marginal phase, accessory biotite, muscovite 

Cwmb Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions///Wuuluman 
Granite/ 

Palaeozoic Carboniferous Quartz monzodiorite (3-8 mm) with 10 percent feldspar 
megacrysts, accessory biotite, hornblende, sphene 

Cwmc Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions///Wuuluman 
Granite/ 

Palaeozoic Carboniferous Quartz monzodiorite (3-8 mm) with 5 percent 
megacrysts, accessory biotite, hornblende, sphene 

Cwmd Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions///Wuuluman 
Granite/ 

Palaeozoic Carboniferous Greisen after megacrystic quartz monzodiorite 

Cwme Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions///Wuuluman 
Granite/ 

Palaeozoic Carboniferous Megacrystic quartz monzodiorite, locally granitic 3-5 
mm. Low K, high magnetite content; accessory 
biotite,sphene 

Cwmf Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions///Wuuluman 
Granite/ 

Palaeozoic Carboniferous Megacrystic quartz monzodiorite, locally granitic 3-5 
mm. Increasing K, decreasing magnetite content; 
accessory biotite, sphene, allanite 

Cwmg Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions///Wuuluman 
Granite/ 

Palaeozoic Carboniferous Megacrystic quartz monzodiorite, locally granitic 3-5 
mm. Increasing K, decreasing magnetite content; 
accessory biotite, sphene 

Cwmh Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions///Wuuluman 
Granite/ 

Palaeozoic Carboniferous Megacrystic quartz monzodiorite, locally granitic 3-5 
mm. Increasing K, decreasing magnetite content; 
accessory biotite, muscovite, sphene, allanite 

Cwmi Lachlan Fold Belt - 
intrusives 
Carboniferous 

Carboniferous Intrusions///Wuuluman 
Granite/ 

Palaeozoic Carboniferous Megacrystic quartz monzodiorite, locally granitic 3-5 
mm. High K, low magnetite content; accessory biotite, 
muscovite 

Dtck Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Catombal Group/Canangle 
Subgroup/Kurrool Formation/ 

Palaeozoic Devonian Red siltstone, minor sandstone and conglomerate 
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Dtcu Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Catombal Group/Canangle 
Subgroup/Curra Creek Conglomerate/ 

Palaeozoic Devonian Red-purple conglomerate, minor interbedded red-
purple sandstone and siltstone 

Dtb Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Catombal Group/Black Rock 
Subgroup/Undifferentiated/ 

Palaeozoic Devonian Massive to bedded quartz and lithic sandstone, 
hematitic shale, conglomerate 

Deg Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions///Tallawang 
Granite/ 

Palaeozoic Devonian Fine- to medium-grained biotite granite, alkali granite, 
quartz monzonite, granophyre 

Dfg Lachlan Fold Belt - 
intrusives Devonian 

Devonian intrusions////Unnamed 
granitic dykes 

Palaeozoic Devonian Granite and microgranite dykes 

Dm Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions///Unnamed/ Palaeozoic Devonian Mafic to intermediate intrusions, sills and stocks 

Dmd Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions///Unnamed/ Palaeozoic Devonian Dolerite, diorite, gabbro sills and stocks 

Dml Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions///Unnamed/ Palaeozoic Devonian Hornblende pyroxene mafic lamprophyre 

Dmm Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions///Unnamed/ Palaeozoic Devonian Mela-monzodiorite, quartz monzodiorite intrusive sills 
and stocks 

Dbga Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions/Yeoval 
Batholith//Mudgingar Granite/Aplite 

Palaeozoic Devonian Aplitic/aplitic dykes 

Dbg Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions/Yeoval 
Batholith//Mudgingar Granite/ 

Palaeozoic Devonian Medium- to coarse-grained pink granite 

Dtg Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions///Timbrebongie 
Granite/ 

Palaeozoic Devonian Biotite rich coarse grained granite 

Dyg Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions/Yeoval 
Batholith/Yeoval Complex// 

Palaeozoic Devonian Pink microgranite, biotite-ferrohastingsite granite, red 
biotite microgranite 

Dig Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions/Yeoval 
Batholith/Nallawa Complex// 

Palaeozoic Devonian Pink fine- to medium-grained two feldspar-biotite 
granite, ferrohastingsite and magnetite hypersolvus 
granite 

Digd Lachlan Fold Belt - 
intrusives Devonian 

Devonian Intrusions/Yeoval 
Batholith/Nallawa Complex// 

Palaeozoic Devonian Diorite phase: hornblende diorite, quartz monzodiorite, 
hornblende granodiorite, quartzdiorite, tonalite 

Drg Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Hyandra Creek Group//Glenlee 
Rhyolite/ 

Palaeozoic Devonian Porphyritic rhyolite, green rhyolite 

Drd Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Hyandra Creek Group//Dunoon 
Dacite/ 

Palaeozoic Devonian Dacite, rhyolite 
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Dre Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Hyandra Creek Group//Ellersley 
Formation/ 

Palaeozoic Devonian Trachylatite 

Drp Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Hyandra Creek Group//Peachvale 
Rhyolite/ 

Palaeozoic Devonian Rhyolite breccia, rhyolite, minor trachylatite, minor lithic 
sandstone 

Dgg Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Gregra Group//Garra Formation/ Palaeozoic Devonian Well-bedded, fossiliferous limestone; calcareous 
sandstone, siltstone, breccia; shale; minor tuffaceous 
sandstone 

Dgc Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Gregra Group//Cuga Burga Volcanics/ Palaeozoic Devonian Latitic, crystal-lithic sandstone, breccia, siltstone, tuff; 
latite and lesser andesite, basalt; minor allochthonous 
limestone, quartzose sandstone 

Dn Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Ungrouped Devonian 
Formations//Cunningham Formation/ 

Palaeozoic Devonian Phyllite, slate, shale, siltstone,  quartz-feldspar-lithic- 
calcareous sandstone, tuff 

Dnl Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Ungrouped Devonian 
Formations///Limestone 

Palaeozoic Devonian Calcareous sandstone and allochthonous limestone 

Dns Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Ungrouped Devonian Formations/// Palaeozoic Devonian Massive to well-bedded, quartzo-feldspathic- lithic 
sandstone and conglomerate; siltstone 

Dnt Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Ungrouped Devonian 
Formations///Tolga Member 

Palaeozoic Devonian Calcareous sandstone and siltstone;  shale 

Dcw Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Crudine Group//Waterbeach 
Formation/ 

Palaeozoic Devonian Well-bedded to laminated slate, siltstone and phyllitic 
shale, with lesser lithic, feldspathic sandstone 

Dct Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Crudine Group//Turondale Formation/ Palaeozoic Devonian Thickly bedded, crystal-lithic, rhyolitic to rhyodacitic 
volcaniclastic sandstone interbedded  with lesser thinly 
bedded, pelagic and volcaniclastic sandstone, siltstone 
and phyllitic shale; minor rhyolitic tuff and conglomerate 

SDa Lachlan Fold Belt - 
Silurian and 
Devonian sediments 

/St Andrews beds/// Palaeozoic Silurian-Devonian Fine to medium grained sandy and calc-silicate 
hornfels 
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and volcanics 

SDo Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Undifferentiated/ Palaeozoic Silurian-Devonian Sandstone, shale, siltstone, chert, rhyolite, tuff 

SDol Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Glengeera Formation/ Palaeozoic Silurian-Devonian Quartz sandstone, quartzofeldspathic sandstone, lithic 
sandstone, siltstone and shale,  limestone 

SDom Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Trealmont Quartzite/ Palaeozoic Silurian-Devonian Quartzose sandstone, lithic quartzose sandstone, 
quartzite 

SDod Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Dowd Formation/ Palaeozoic Silurian-Devonian Shale, siltstone, fine-grained sandstone,  lithic 
sandstone, rhyolite, calcarenite 

SDoy Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Whychetella 
Formation/ 

Palaeozoic Silurian-Devonian Mudstone 

SDor Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Wirrabilla Formation/ Palaeozoic Silurian-Devonian Lithic sandstone, minor conglomerate, hornfels 

SDot Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Toongi Hall Tuff/ Palaeozoic Silurian-Devonian Fine and coarse cherty tuff,  tuffaceous siltstone, 
rhyolitic tuff, lithic quartz sandstone 

SDow Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Whylandra Formation/ Palaeozoic Silurian-Devonian Lithic sandstone, volcaniclastic sandstone, siltstone, 
tuffaceous siltstone 

SDoe Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Belowrie Formation/ Palaeozoic Silurian-Devonian Shale,  minor basic tuff and lava, phyllite 

SDoa Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Wambangalong 
Formation/ 

Palaeozoic Silurian-Devonian Quartzose sandstone, siltstone, shale, phyllite 
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SDob Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Berridong Siltstone/ Palaeozoic Silurian-Devonian Siltstone, lithic sandstone, phyllite 

SDoi Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Gilgal Formation/ Palaeozoic Silurian-Devonian Shale, siltstone, rhyolitic tuff, lithic sandstone, 
volcaniclastic sandstone, quatzose sandstone, phyllite 

SDou Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group//Gullengumbel 
Formation/ 

Palaeozoic Silurian-Devonian Sandstone, siltstone, shale, phyllite, hornfels 

SDw Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Toongi Group///Unnamed sedimentary 
unit 

Palaeozoic Silurian-Devonian Siltstone, sandstone and fine grained angular 
conglomerate 

Sce Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Cudal Group//Hanover Formation/ Palaeozoic Silurian Massive to laminated, buff to grey to green to purple, 
quartzose micaceous shale, siltstone, fine-grained 
sandstone; rhyolitic tuff, tuffaceous sandstone; minor 
latitic sandstone and breccia 

Scev Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Cudal Group/// Palaeozoic Silurian Weakly feldspar-phyric rhyolite 

Scel Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Cudal Group/// Palaeozoic Silurian Fossiliferous limestone (allochthonous?); minor 
calcareous sandstone, breccia 

Scet Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Cudal Group/// Palaeozoic Silurian Pale green to grey, rhyolitic tuff, tuffaceous sandstone; 
siltstone 

Scv Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Cudal Group//Canowindra Volcanics/ Palaeozoic Silurian Garnetiferous quartz-feldspar-cordierite porphyry, tuff 

Sms Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Mumbil Group//Gleneski Formation/ Palaeozoic Silurian Rhyolitic to latitic lava, intrusion and tuff and 
volcaniclastic sandstone 

Smsl Lachlan Fold Belt - 
Silurian and 
Devonian sediments 

/Mumbil Group/// Palaeozoic Silurian Limestone 
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and volcanics 

Smb Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Mumbil Group//Barnby Hills Shale/ Palaeozoic Silurian Poorly bedded to laminated, buff to brown to grey, 
quartzose shale and siltstone; minor rhyolitic tuff and 
tuffaceous sandstone; calcareous sandstone and 
siltstone 

Smq Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Mumbil Group//Narragal Limestone/ Palaeozoic Silurian Massive to bedded highly fossiliferous limestone; 
siltstone 

Smd Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Mumbil Group//Dripstone Formation/ Palaeozoic Silurian Rhyolitic to felsitic tuff and tuffaceous sandstone; 
siltstone; mafic to felsic lava; limestone 

Smdw Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Mumbil Group///Wylinga Member Palaeozoic Silurian Felsic crystal-lithic sandstone, fossiliferous limestone 

Ssp Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Chesleigh Group//Piambong 
Formation/ 

Palaeozoic Silurian Rhyolitic, felsitic and latitic volcaniclastic and quartz 
lithic sandstone, siltstone, breccia; crystal and vitric tuff, 
minor lava 

Ssb Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Chesleigh Group//Biraganbil 
Formation/ 

Palaeozoic Silurian Quartz-lithic, feldspar-lithic and quartz sandstone, 
siltstone, slate, shale 

Std Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Tannabutta Group//Dungeree 
Volcanics/ 

Palaeozoic Silurian Rhyolite to dacite lava (autoclastic and volcaniclastic), 
rare latitic to trachytic lava 

Stds Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Tannabutta Group/// Palaeozoic Silurian Shale, slate and minor volcanic-rich sandstone 

Stdq Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Tannabutta Group/// Palaeozoic Silurian Shale, slate, quartz and felsic volcanic-rich sandstone 

Stdl Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Tannabutta Group/// Palaeozoic Silurian Limestone and limestone breccia 
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Stda Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Tannabutta Group/// Palaeozoic Silurian Mafic to intermediate intrusion 

Stdv Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Tannabutta Group/// Palaeozoic Silurian Rhyolite lava, frequently flow-banded;  rare limestone 
interbeds 

Stdn Lachlan Fold Belt - 
Silurian and 
Devonian sediments 
and volcanics 

/Tannabutta Group/// Palaeozoic Silurian Quartz and felsic volcanic-rich sandstone, minor shale 

Om Lachlan Fold Belt - 
Ordovician intrusives 
- undifferentiated 

/Ordovician Intrusion//Undifferentiated/ Palaeozoic Ordovician Monzonite, minor granite 

Ock Lachlan Fold Belt - 
Ordovician sediments 
and volcanics 

/Cabonne Group//Kabadah Formation/ Palaeozoic Ordovician Mafic volcaniclastic sandstone, siltstone, banded cherty 
siltstone, minor limestone 

Ockc Lachlan Fold Belt - 
Ordovician sediments 
and volcanics 

/Cabonne Group///Chert Palaeozoic Ordovician Chert, siltstone, minor sandstone 

Oco Lachlan Fold Belt - 
Ordovician sediments 
and volcanics 

/Cabonne Group//Oakdale Formation/ Palaeozoic Ordovician Basalt, basaltic andesite, latite lava and intrusions, 
volcaniclastic breccia, conglomerate, sandstone and 
siltstone, minor allochthonous limestone 

Ocol Lachlan Fold Belt - 
Ordovician sediments 
and volcanics 

/Cabonne Group///Limestone Palaeozoic Ordovician Allochthonous limestone, calcareous breccia and 
sandstone 

Oct Lachlan Fold Belt - 
Ordovician sediments 
and volcanics 

/Cabonne Group//Tucklan Formation/ Palaeozoic Ordovician Dark mudstone, basalt to latite boulder conglomerate 
or breccia, lithic sandstone, rare chert. 

Octb Lachlan Fold Belt - 
Ordovician sediments 
and volcanics 

/Cabonne Group//Tucklan 
Formation/Basalt member 

Palaeozoic Ordovician Basalt, ?andesite to dolerite and latite 

Octc Lachlan Fold Belt - 
Ordovician sediments 
and volcanics 

/Cabonne Group//Tucklan 
Formation/Chert member 

Palaeozoic Ordovician Black radiolarian chert 

Octl Lachlan Fold Belt - 
Ordovician sediments 
and volcanics 

/Cabonne Group//Tucklan 
Formation/Limestone member 

Palaeozoic Ordovician Limestone, minor allodapic facies 

Ooc Lachlan Fold Belt - 
Ordovician sediments 
and volcanics 

///Cotton Formation/ Palaeozoic Ordovician Chert 
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Oos Lachlan Fold Belt – 
Ordovician sediments 
and volcanics 

///Cotton Formation/ Palaeozoic Ordovician Undifferentiated siltstone, phyllite and shale 

Ooss Lachlan Fold Belt – 
Ordovician sediments 
and volcanics 

///Cotton Formation/ Palaeozoic Ordovician Undifferentiated meta sandstone 

Oau Lachlan Fold Belt – 
Ordovician intrusives 
– ultramafic complex 

/Tantitha Ultrabasic Complex/// Palaeozoic Ordovician Gabbro and pyroxenite with minor granitic intrusions 

Pz Lachlan Fold Belt – 
sediments and 
volcanics – 
undifferentiated 

/Scabby Rock Inlier//Undifferentiated/ Palaeozoic Undetermined Foliated schistose metasediments/ 
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6.2 COPY OF GEOLOGICAL AGES DATES REPORT 

K-Ar and 40Ar/39Ar Laboratory 
Australian National University 

Research School of Earth Sciences 
 

Director:  Mark Harrison   Lab Manager:  Jim Dunlap 
Technicians:  Robyn Maier and Xiaodong Zhang 

Principal contact:  jim.dunlap@anu.edu.au 
Phone  61 (country code) 2 (area code) 6125-3247 or 6125-3406 

 
 

Mark Dawson,       26 Mar. 02 
Department of Mineral Resources, 
P.O. Box 65,  
Armidale, NSW, 2350 
 
 
 
Dear Mark, 
 
This report is to inform you of the results of K-Ar analysis of your 5 whole-rock samples. 
 
After initial screening of the samples you sent to us we chose samples JW6, JW4, 23, JW3, and 
40 to be the samples that would give the most reliable results. 
 
 
Sample Preparation 
 
We separated and purified the whole rock material by removing any phenocrysts or xenocrysts.  
This was done by putting the samples through heavy liquid settling.  Final purity of the samples 
that were run was about 98% fresh groundmass material. 
 
Potassium Analysis 
 
Potassium analysis was done by flame photometry, using an IL 443 instrument, a lithium 
internal standard, and with interpolation between standard solutions.   The results were in 
general quite reproducible.  The results of K analysis for the five samples are the following: 
 
 
Sample JW3:   47.80 mg   4.865 ± 0.14% K (wt %) 

    42.04 mg  4.784 ± 0.16% K (wt %) 
 

Sample JW4:   54.51 mg   1.615 ± 0.49% K (wt %) 
    50.78 mg  1.623 ± 0.27% K (wt %) 
 

Sample JW6:   50.15 mg   1.140 ± 0.08% K (wt %) 
    51.95 mg  1.131 ± 0.46% K (wt %) 
 

Sample 23:   103.82 mg   1.542 ± 0.48% K (wt %) 
      98.59 mg  1.554 ± 0.68% K (wt %) 
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Sample 40:   101.47 mg   1.655 ± 0.15% K (wt %) 
    104.64 mg  1.668 ± 0.21% K (wt %) 

 
 
Argon Analysis and Age of Samples 
 
An aliquot of each sample was loaded into a molybdenum crucible in a high vacuum line and 
fused using radio-frequency induction heating.  The extracted gas was exposed to 
copper/copper-oxide and titanium furnaces to remove reactive gases as well as hydrogen and 
hydrocarbons.  The purified gas, mainly argon, was then admitted to an MS-10 mass 
spectrometer and measurement of 40Ar, 38Ar and 36Ar was undertaken. 
 
The details of the argon analysis can be summarised as follows: 
 
JW3:  The gas from sample JW3 was 70.26% radiogenic 40Ar.  When combined with the 
pooled results for K wt % the gas yielded an age of 15.82 ± 0.22 Ma. 
 
JW4:  The gas from sample JW4 was 73.98% radiogenic 40Ar.  When combined with the 
pooled results for K wt % the gas yielded an age of 148.0 ± 1.6 Ma. 
 
JW6:  The gas from sample JW6 was 93.89% radiogenic 40Ar.  When combined with the 
pooled results for K wt % the gas yielded an age of 191.7 ± 2.0 Ma. 
 
23:  The gas from sample 23 was 96.11% radiogenic 40Ar.  When combined with the pooled 
results for K wt % the gas yielded an age of 177.9 ± 1.9 Ma. 
 
40:  The gas from sample 40 was 98.28% radiogenic 40Ar.  When combined with the pooled 
results for K wt % the gas yielded an age of 203.2 ± 2.1 Ma. 
 
 
Summary and Interpretation 
 

Provided that the samples have not been significantly reheated, or altered, since 
eruption, it is likely that the ages documented here closely approximate the crystallisation ages 
of the extrusive igneous rocks.  As no significant alteration of the samples was observed in thin 
section, and as the rocks appear to have remained at or near the surface since eruption, it can be 
concluded with some certainty that the ages are in fact crystallisation ages.   
 

The data is summarised in tabular form, in Table 1 below, which can be used for 
publication, if required.  The intended use of this data is for a collaborative publication with the 
analyst, W. J. Dunlap.  
 
Table 1.  K-Ar Data 

      

Sample 
Number 

 

Material K wt % 
(mean) 

Rad 
40

Ar, 
10-9 mol/g 

%
40

Ar* Age (Ma) 
± 1 σ 

      
 

JW3 Whole rock 4.825 13.29 70.26 15.82 ± 0.22 
JW4 Whole rock 1.619 43.62 73.98 148.0 ± 1.6 
JW6 Whole rock 1.136 39.84 93.89 191.7 ± 2.0 
23 Whole rock 1.548 50.19 96.11 177.9 ± 1.9 
40 Whole rock 1.662 62.00 98.28 203.2 ± 2.1 
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Notes: 
K = potassium; values of means of two duplicate runs.   %40Ar* is percent  
radiogenic argon of isotopic mass 40.  Decay constants are  
λe = 0.581 x 10-10y-1 and λβ = 4.962 10-10y-1.   
 

6.3 METADATA STATEMENTS FOR THE GEOLOGICAL DATA SETS 
PREPARED FOR THIS PROJECT 

 

6.3.1 Metadata For Digital Data Set Geology Of The Brigalow Belt South 
Bioregion -BDMRGEO020625 
 
METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION 

DATASET Title Bdmrgeo020625 geological coverage of the Brigalow 
Belt South bioregion in NSW at 1:100,000 scale 
equivalent comprising the area covered by parts of the 
Walgett SH/55-11, Nyngan SH/55-15, Narromine 
SI/55-3, St.George SH/55-4, Moree SH/55-8, 
Narrabri SH/55-12, Gilgandra SH/55-16, Dubbo 
SI/55-4, Goondiwindi SH/56-1, Inverell SH/56-5, 
Manilla SH/56-9, Tamworth SH/56-13, and Singleton 
SI/56-1 sheet areas. 

 Custodian NSW Department of Mineral Resources 
 Jurisdiction New South Wales, Australia 
 WRA Project Name Brigalow Belt South Project Geology Integration and 

Upgrade 
 WRA Project Number WRA 19 
CONTACT ADDRESS Contact organisation NSW Department of Mineral Resources 

Geological Survey of New South Wales 
Minerals Assessment 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 barnesr@minerals.nsw.gov.au or 
mcdonalk@minerals.nsw.gov.au 
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METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION 

DESCRIPTION Abstract A geological coverage has been created for the 
Brigalow Belt South bioregion. 
 
A continuous topologically structured geological 
coverage was created in Arc/Info for the Brigalow 
Belt South bioregion (BBSB) comprising parts of the 
Walgett SH/55-11, Nyngan SH/55-15, Narromine 
SI/55-3, St.George SH/55-4, Moree SH/55-8, 
Narrabri SH/55-12, Gilgandra SH/55-16, Dubbo 
SI/55-4, Goondiwindi SH/56-1, Inverell SH/56-5, 
Manilla SH/56-9, Tamworth SH/56-13, and Singleton 
SI/56-1 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 
digitisation on screen during interpretation of 
remotely sensed data and landform images, in 
combination with digital vector data sets 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 scale equivalent.  

 Search Word Geoscience, geology, faults, lithology 

 Geographic Extent 
Name(s) 

Brigalow Belt South Bioregion including a 15 
kilometres buffer as defined by IBRA from file 
supplied by RACD for RACAC. 

 Geographic Extent 
Polygon(s) 

 

 Type of feature Polygon, arcs of mapped geology unit boundaries and 
vectors of faults derived from the data set. 

 Attribute/Field List See next field. 

 Attribute/Field Description  
AREA ArcInfo information 
PERIMETER ArcInfo information 
BDMRGEO020626#ArcInfo information 
BDMRGEO020626 –ID ArcInfo 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 
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 bbs_sym_a,b,or c. It is recommended 
that the link be made using bbs_sym_b for most 
purposes.  
 
The link to unit attributes provides information on: 
 
BBS_SYM_A 
QUAL_A - Qualifier such as “?” being where the 
units identification is uncertain. 
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METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION 

REL_A- Relationship- For example “/” where one 
unit overlies another unit or “+” (plus) where a 
mapped unit is made of two units. 
BBS_SYM_B 
QUAL_B 
REL_B 
BBS_SYM_C 
QUAL_C 
LGD_ORDER -Legend Order (equivalent to the order 
which would be used on the legend of a geological 
map) 
STATUS – The currency this data set 
GEOLPROV – A broad classification of units into 
general geological provinces 
GEOLSYS1 - Geological System 1. This is 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 – The legend order for the Geological 
System 1 field 
GEOLSYS2 – A more detailed breakup of units into 
geological systems 
GESYSORD2– The legend order for the Geological 
System 2 field 
ALLSTRAT – Stratigraphic Names field: This field 
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 enquiries 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. 
DOMLITH – This is a single generalised rock type 
for each unit. 
ERA - The geological Era age 
SYSTEM - The geological Period age 
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. 
MOR_STRAT – This field is used for Quaternary 
units and describes their morphostratigraphic 
classification. 
RAD_RESP – This is used for Quaternary units to 
describe the range of responses seen in ternary 
radiometric images. 
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 2000. 

 Ending date June 2002. 
DATASET STATUS Progress Completed BBSB Project WRA19 Geology 

Integration and Upgrade 
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METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION 

 Maintenance and update 
frequency 

This coverage will form a starting point for future 
data upgrades in the area. 

DATASET 
ENVIRONMENT 

Software ArcInfo, ArcView 

 Computer Operating System Windows NT, UNIX 

 Dataset Size 20Mb ArcInfo Coverage, 34Mb 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 data set – 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 the Brigalow 
Belt South bioregion covering parts of the Walgett 
SH/55-11, Nyngan SH/55-15, Narromine SI/55-3, 
St.George SH/55-4, Moree SH/55-8, Narrabri SH/55-
12, Gilgandra SH/55-16, Dubbo SI/55-4, 
Goondiwindi SH/56-1, Inverell SH/56-5, Manilla 
SH/56-9, Tamworth SH/56-13, and Singleton SI/56-1 
1:250,000 sheets 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 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 data sets 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. 
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 an 
accuracy in the 50m to 500m 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 
exposed.  Most geological maps are created by 
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METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION 

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 
data sets 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 field work will, almost certainly, 
identify areas or inaccuracy in the mapping in detail. 

 Logical consistency The geological data set has been subject to checking 
during the compilation and there should be few 
logical consistency errors.  However, the compilation 
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METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION 

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 Notes This project was managed by R.G. Barnes, Senior 
Geologist, Resource Information, Integration and 
Analysis sub program 1.05c and was partly funded by 
RACAC for the Brigalow Belt South Western 
Regional Assessment. 
Most of the  ArcView interpretation of remote sense 
and landform image data was undertaken by 
Geologists Mark Dawson and Frances Spiller, with 
smaller areas interpreted by Rob Barnes and Jeff 
Brownlow. 
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 Frances Spiller 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 early 2001 and mid 
2002. 

METADATA DATE Metadata date June 2002 

METADATA 
COMPLETED BY 

Metadata sheet compiled by Robert G Barnes, Ken McDonald  

FURTHER 
INFORMATION 

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

 



June 2002 Geology Integration and Upgrade DMR WRA 19 

 157

 
METADATA CATEGORY CORE METADATA ELEMENT DESCRIPTION 

DATASET 
ENVIRONMENT 

Name of System: DMR GEOSCIENCE 

 Contact organisation NSW Department of Mineral Resources 
 Contact position Senior Geologist, Resource Information Integration 

and Analysis, Geological Survey of NSW 
 Mail address PO Box 65 
 Suburb/place/locality Armidale 
 State NSW. 
 Country Australia 
 Postcode 2350 
 Telephone 02 6776 0318 
 Facsimile 02 6776 0399 
 Electronic mail address barnesr@minerals.nsw.gov.au 
 Description ArcView / ArcInfo GIS 
 Availability Contact NSW Department of Mineral Resources for 

geoscience inormation. 
 Miniumum Hardware 

Requirements 
PC Pentium  

 Miniumum Software 
Requirements 

ArcView 3.2 

 Input Format/Type ArcView shape file, ArcInfo coverage 
 Output Format/Type Various exchange formats available through ESRI 

ArcView/ArcInfo 
 References This dataset should be referred to as: 

“Barnes, R.G., Dawson, M., Spiller, F.C.P, and 
McDonald, K.M., 2002. Interpreted and re-compiled 
geology of the Brigalow Belt South Bioregion – 
Digital Data Set. NSW Department of Mineral 
Resources for NSW Resource and Conservation 
Assessment Council.” 
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