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Introduction 

The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining 

Development (IESC) was established to provide advice to the federal Minister for the Environment 

on potential water-related impacts of coal seam gas (CSG) and large coal mining developments 

(IESC, 2015). 

Bioregional assessments (BAs) are one of the key mechanisms to assist the IESC in developing this 

advice so that it is based on best available science and independent expert knowledge. 

Importantly, technical products from BAs are also expected to be made available to the public, 

providing the opportunity for all other interested parties, including government regulators, 

industry, community and the general public, to draw from a single set of accessible information. A 

BA is a scientific analysis, providing a baseline level of information on the ecology, hydrology, 

geology and hydrogeology of a bioregion with explicit assessment of the potential impacts of CSG 

and coal mining development on water resources. 

The IESC has been involved in the development of Methodology for bioregional assessments of the 

impacts of coal seam gas and coal mining development on water resources (the BA methodology; 

Barrett et al., 2013) and has endorsed it. The BA methodology specifies how BAs should be 

undertaken. Broadly, a BA comprises five components of activity, as illustrated in Figure 1. Each BA 

will be different, due in part to regional differences, but also in response to the availability of data, 

information and fit-for-purpose models. Where differences occur, these are recorded, judgments 

exercised on what can be achieved, and an explicit record is made of the confidence in the 

scientific advice produced from the BA. 

The Bioregional Assessment Programme 

The Bioregional Assessment Programme is a collaboration between the Department of the 

Environment and Energy, the Bureau of Meteorology, CSIRO and Geoscience Australia. Other 

technical expertise, such as from state governments or universities, is also drawn on as required. 

For example, natural resource management groups and catchment management authorities 

identify assets that the community values by providing the list of water-dependent assets, a key 

input. 

The Technical Programme, part of the Bioregional Assessment Programme, will undertake BAs for 

the following bioregions and subregions (see 

http://www.bioregionalassessments.gov.au/assessments for a map and further information): 

¶ the Galilee, Cooper, Pedirka and Arckaringa subregions, within the Lake Eyre Basin bioregion  

¶ the Maranoa-Balonne-Condamine, Gwydir, Namoi and Central West subregions, within the 

Northern Inland Catchments bioregion  

¶ the Clarence-Moreton bioregion 

¶ the Hunter and Gloucester subregions, within the Northern Sydney Basin bioregion  

http://www.bioregionalassessments.gov.au/assessments
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¶ the Sydney Basin bioregion 

¶ the Gippsland Basin bioregion.  

Technical products (described in a later section) will progressively be delivered throughout the 

Programme. 

 

Figure 1 Schematic diagram of the bioregional assessment methodology 

The methodology comprises five components, each delivering information into the bioregional assessment and building on prior 
components, thereby contributing to the accumulation of scientific knowledge. The small grey circles indicate activities external to 
the bioregional assessment. Risk identification and risk likelihoods are conducted within a bioregional assessment (as part of 
Component 4) and may contribute activities undertaken externally, such as risk evaluation, risk assessment and risk treatment. 
Source: Figure 1 in Barrett et al. (2013), © Commonwealth of Australia 
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Methodologies 

The overall scientific and intellectual basis of the BAs is provided in the BA methodology (Barrett 

et al., 2013). Additional guidance is required, however, about how to apply the BA methodology to 

a range of subregions and bioregions. To this end, the teams undertaking the BAs have developed 

and documented detailed scientific submethodologies (Table 1) to, in the first instance, support 

the consistency of their work across the BAs and, secondly, to open the approach to scrutiny, 

criticism and improvement through review and publication. In some instances, methodologies 

applied in a particular BA may differ from what is documented in the submethodologies ς in this 

case an explanation will be supplied in the technical products of that BA. Ultimately the 

Programme anticipates publishing a consolidated 'operational BA methodology' with fully worked 

examples based on the experience and lessons learned through applying the methods to 

13 bioregions and subregions. 

The relationship of the submethodologies to BA components and technical products is illustrated 

in Figure 2. While much scientific attention is given to assembling and transforming information, 

particularly through the development of the numerical, conceptual and receptor impact models, 

integration of the overall assessment is critical to achieving the aim of the BAs. To this end, each 

submethodology explains how it is related to other submethodologies and what inputs and 

outputs are required. They also define the technical products and provide guidance on the content 

to be included. When this full suite of submethodologies is implemented, a BA will result in a 

substantial body of collated and integrated information for a subregion or bioregion, including 

new information about the potential impacts of coal resource development on water and water-

dependent assets.  
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Table 1 Methodologies 

Each submethodology is available online at http://data.bioregionalassessments.gov.au/submethodology/XXXΣ ǿƘŜǊŜ Ψ···Ω ƛǎ 
replaced by the code in the first column. For example, the BA methodology is available at 
http://data.bioregionalassessments.gov.au/submethodology/bioregional-assessment-methodology and submethodology M02 is 
available at http://data.bioregionalassessments.gov.au/submethodology/M02. Submethodologies might be added in the future. 

Code Proposed title  Summary of content 

bioregional-
assessment-
methodology 

Methodology for bioregional 
assessments of the impacts of coal 
seam gas and coal mining 
development on water resources 

A high-level description of the scientific and intellectual 
basis for a consistent approach to all bioregional 
assessments 

M02 Compiling water-dependent assets Describes the approach for determining water-dependent 
assets 

M03 Assigning receptors to water-
dependent assets 

Describes the approach for determining receptors 
associated with water-dependent assets 

M04 Developing a coal resource 
development pathway 

Specifies the information that needs to be collected and 
reported about known coal and coal seam gas resources as 
well as current and potential resource developments 

M05 Developing the conceptual model 
of causal pathways 

Describes the development of the conceptual model of 
Ŏŀǳǎŀƭ ǇŀǘƘǿŀȅǎΣ ǿƘƛŎƘ ǎǳƳƳŀǊƛǎŜǎ Ƙƻǿ ǘƘŜ ΨǎȅǎǘŜƳΩ 
operates and articulates the potential links between coal 
resource development and changes to surface water or 
groundwater 

M06 Surface water modelling Describes the approach taken for surface water modelling 

M07 Groundwater modelling Describes the approach taken for groundwater modelling  

M08 Receptor impact modelling Describes how to develop receptor impact models for 
assessing potential impact to assets due to hydrological 
changes that might arise from coal resource development 

M09 Propagating uncertainty through 
models 

Describes the approach to sensitivity analysis and 
quantification of uncertainty in the modelled hydrological 
changes that might occur in response to coal resource 
development 

M10 Impacts and risks Describes the logical basis for analysing impact and risk 

M11 Systematic analysis of water-
related hazards associated with 
coal resource development 

Describes the process to identify potential water-related 
hazards from coal resource development 

  

http://data.bioregionalassessments.gov.au/submethodology/XXX
http://data.bioregionalassessments.gov.au/submethodology/bioregional-assessment-methodology
http://data.bioregionalassessments.gov.au/submethodology/M02
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Technical products 

The outputs of the BAs include a suite of technical products presenting information about the 

ecology, hydrology, hydrogeology and geology of a bioregion and the potential impacts of CSG and 

coal mining developments on water resources, both above and below ground. Importantly, these 

technical products are available to the public, providing the opportunity for all interested parties, 

including community, industry and government regulators, to draw from a single set of accessible 

information when considering CSG and large coal mining developments in a particular area. 

The information included in the technical products is specified in the BA methodology. Figure 2 

shows the relationship of the technical products to BA components and submethodologies. 

Table 2 lists the content provided in the technical products, with cross-references to the part of 

the BA methodology that specifies it. The red outlines in both Figure 2 and Table 2 indicate the 

information included in this technical product. 

Technical products are delivered as reports (PDFs). Additional material is also provided, as 

specified by the BA methodology: 

¶ unencumbered data syntheses and databases  

¶ unencumbered tools, model code, procedures, routines and algorithms 

¶ unencumbered forcing, boundary condition, parameter and initial condition datasets 

¶ lineage of datasets (the origin of datasets and how they are changed as the BA progresses) 

¶ gaps in data and modelling capability. 

In this context, unencumbered material is material that can be published according to conditions 

in the licences or any applicable legislation. All reasonable efforts were made to provide all 

material under a Creative Commons Attribution 3.0 Australia Licence. 

Technical products, and the additional material, are available online at 

http://www.bioregionalassessments.gov.au. 

The Bureau of Meteorology archives a copy of all datasets used in the BAs. This archive includes 

datasets that are too large to be stored online and datasets that are encumbered. The community 

can request a copy of these archived data at http://www.bioregionalassessments.gov.au. 

http://www.bioregionalassessments.gov.au/
http://www.bioregionalassessments.gov.au/
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Figure 2 Technical products and submethodologies associated with each component of a bioregional assessment 

In each component (Figure 1) of a bioregional assessment, a number of technical products (coloured boxes, see also Table 2) are 
potentially created, depending on the availability of data and models. The light grey boxes indicate submethodologies (Table 1) that 
specify the approach used for each technical product. The red outline indicates this technical product. The BA methodology (Barrett 
et al., 2013) specifies the overall approach. 
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Table 2 Technical products delivered for the Clarence-Moreton bioregion 

For the Clarence-Moreton Bioregional Assessment, technical products are delivered online at 
http://www.bioregionalassessments.gov.auΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ Ψ¢ȅǇŜΩ ŎƻƭǳƳƴa. Other products ς such as datasets, metadata, data 
visualisation and factsheets ς are provided online. There is no product 1.4. Originally this product was going to describe the 
receptor register and application of landscape classes as per Section 3.5 of the BA methodology, but this information is now 
included in product 2.3 (conceptual modelling) and used in products 2.6.1 (surface water modelling) and 2.6.2 (groundwater 
modelling). There is no product 2.4; originally this product was going to include two- and three-dimensional representations as per 
Section 4.2 of the BA methodology, but these are instead included in products such as product 2.3 (conceptual modelling), product 
2.6.1 (surface water numerical modelling) and product 2.6.2 (groundwater numerical modelling). 

Component Product 
code 

Title Section in the 
BA 
methodologyb 

Typea 

Component 1: Contextual 
information for the Clarence-
Moreton bioregion 

1.1 Context statement 2.5.1.1, 3.2 PDF, HTML 

1.2 
Coal and coal seam gas resource 
assessment 

2.5.1.2, 3.3 PDF, HTML 

1.3 
Description of the water-dependent 
asset register 

2.5.1.3, 3.4 
PDF, HTML, 
register 

1.5 
Current water accounts and water 
quality 

2.5.1.5 PDF, HTML 

1.6 Data register 2.5.1.6 Register 

Component 2: Model-data 
analysis for the Clarence-
Moreton bioregion 

2.1-2.2 
Observations analysis, statistical 
analysis and interpolation 

2.5.2.1, 2.5.2.2 PDF, HTML 

2.3 Conceptual modelling 2.5.2.3, 4.3 PDF, HTML 

2.5 Water balance assessment 2.5.2.4 PDF, HTML 

2.6.1 Surface water numerical modelling 4.4 PDF, HTML 

2.6.2 Groundwater numerical modelling 4.4 PDF, HTML 

2.7 Receptor impact modelling 2.5.2.6, 4.5 Not produced 

Component 3 and Component 
4: Impact and risk analysis for 
the Clarence-Moreton 
bioregion 

3-4 Impact and risk analysis 5.2.1, 2.5.4, 5.3 Not produced 

Component 5: Outcome 
synthesis for the Clarence-
Moreton bioregion 

5 Outcome synthesis 2.5.5 PDF, HTML 

aThe types of products are as follows: 
 Ψt5CΩ ƛƴŘƛŎŀǘŜǎ ŀ t5C ŘƻŎǳƳŜƴǘ ǘƘŀǘ ƛǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ Clarence-Moreton Bioregional Assessment using the structure, standards 

and format specified by the Programme. 
 ΨI¢a[Ω ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǎŀƳŜ ŎƻƴǘŜƴǘ ŀǎ ƛƴ ǘƘŜ t5C ŘƻŎǳƳŜƴǘΣ ōǳǘ ŘŜƭƛǾŜǊŜŘ ŀǎ ǿŜōǇŀƎŜǎΦ  
 ΨwŜƎƛǎǘŜǊΩ ƛƴŘƛŎŀǘŜǎ ŎƻƴǘǊƻƭƭŜŘ ƭƛǎǘǎ ǘƘŀǘ ŀǊŜ ŘŜƭƛǾŜǊŜŘ ǳǎƛƴƎ ŀ ǾŀǊƛŜǘȅ ƻŦ ŦƻǊƳŀǘǎ ŀǎ ŀǇǇǊƻǇǊƛŀǘŜΦ  

 Ψbƻǘ ǇǊƻŘǳŎŜŘΩ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ǇǊƻŘǳŎǘ ǿŀs not developed. A webpage explains why and points to relevant submethodologies 
(Table 1).  
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About this technical product 

The following notes are relevant only for this technical product. 

¶ All maps created as part of this BA for inclusion in this product used the Albers equal area 

projection with a central meridian of 151.0° East for the Clarence-Moreton bioregion and 

two standard parallels of ς18.0° and ς36.0°.  

¶ Contact bioregionalassessments@bom.gov.au to access metadata (including copyright, 

attribution and licensing information) for all datasets cited or used to make figures in this 

product. At a later date, this information, as well as all unencumbered datasets, will be 

published online.  

¶ The citation details of datasets are correct to the best of the knowledge of the Bioregional 

Assessment Programme at the publication date of this product. Readers should use the 

hyperlinks provided to access the most up-to-date information about these data; where 

there are discrepancies, the information provided online should be considered correct. The 

ŘŀǘŜǎ ǳǎŜŘ ǘƻ ƛŘŜƴǘƛŦȅ .ƛƻǊŜƎƛƻƴŀƭ !ǎǎŜǎǎƳŜƴǘ {ƻǳǊŎŜ 5ŀǘŀǎŜǘǎ ŀǊŜ ǘƘŜ ŘŀǘŀǎŜǘΩǎ published 

date. Where the published date is not available, the last updated date or created date is 

used. For Bioregional Assessment Derived datasets, the created date is used. 
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2.1 Observations analysis for 
the Clarence-Moreton 
bioregion 

This product includes the observations analysis, statistical analysis and interpolation of datasets 

used in the bioregional assessment. Only those datasets required for product 2.6.1 (surface water 

numerical modelling), product 2.6.2 (groundwater numerical modelling) and product 2.3 

(conceptual modelling) are covered. 

The data are categorised according to the following disciplines: 

¶ geography 

¶ geology 

¶ hydrogeology and groundwater quality 

¶ surface water hydrology and water quality 

¶ surface water ς groundwater interactions. 

The observations analysis includes an assessment of data errors and uncertainties; the spatial and 

temporal resolution of observations; and algorithms used in the development of derived datasets. 

It requires development ς and reporting ς of summary statistics that describe the nature, variation 

and uncertainty for datasets. 

The statistical analysis and interpolation aims to develop a quantitative understanding of the 

Clarence-Moreton subregion by analysing the observed data and ς where required ς interpolating 

into locations where data are sparse.  

This product also provides advice on data gaps. More information on data gaps will be reported in 

later products. 
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This product concludes with a detailed description of water management for coal resource 

developments. Only that information required for numerical modelling (in product 2.6.1 (surface 

water numerical modelling) and product 2.6.2 (groundwater numerical modelling)) is included.
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2.1.1 Geography 

Summary 

This section provides an analysis of the errors associated with the climate data used for the 

water balance modelling. To characterise errors of the input climate data, the long-term 

monthly values of precipitation (P), and maximum (Tmax) and minimum (Tmin) temperatures 

were calculated along with root-mean-square error (RMSE) mean values for the same 

variables for the period January 1980 to December 2009. Results showed relative errors of 

47.5%, 2%, and 8% in P, Tmax, and Tmin, respectively (where relative error is calculated by 

dividing the monthly RMSE mean grid by the monthly mean grids). 

2.1.1.1 Observed data 

The basic geographic data for the Clarence-Moreton bioregion were reported in the companion 

product 1.1 for the Clarence-Moreton bioregion (Rassam et al., 2014). 

2.1.1.2 Statistical analysis and interpolation 

All geographic data specific to the Clarence-Moreton bioregion were obtained from state or 

national datasets. This means no statistical analysis or interpolation was performed to generate 

any of the geographic datasets. However, to characterise errors of the input climate data used for 

the water balance modelling, some bioregion-specific spatial analysis was performed. This is a 

useful characterisation to better understand the limitations of the input data. This analysis is 

outlined in this section. 

In addition to generating daily and monthly grids of meteorological variables (P, Tmax and Tmin), the 

Bureau of Meteorology (Jones et al., 2009) also generate daily and monthly root-mean-square 

error (RMSE) grids of the same variables. These daily and monthly RMSE grids are a combined 

measure of the observational error and geostatistical error. The latter is a function of the 

interpolation algorithm, density of isolated station observations and degree of spatial 

autocorrelation of the process(es) driving the spatial variance captured in the data being 

interpolated. 

To characterise errors of the input climate data the long-term (from January 1980 to December 

2009) monthly mean values for P, Tmax and Tmin were calculated. Also calculated were the long-

term monthly RMSE mean values for the same variables for the same time period. Relative error, 

expressed as a percent, was calculated by dividing the monthly RMSE mean grid by the monthly 

mean grids (i.e. RMSE grid/mean grid for each meteorological variable). 

The spatially-averaged long-term monthly mean P for the Clarence-Moreton bioregion is 

110 mm/month, and the associated P RMSE mean for the bioregion is 45 mm/month (see 

Figure 3a and Figure 3b, respectively). This results in a relative error of 47.5% in the input P grids 

(Figure 3c). The relatively high error is due, in part, to P being a highly spatially variable process (it 

has low spatial autocorrelation). 
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Figure 3 Spatial variation of precipitation from 1980 to 2009 (a) monthly mean precipitation (b) monthly mean 

rootmean-square error (RMSE) of monthly mean precipitation and (c) monthly mean precipitation relative error for 

the Clarence-Moreton bioregion and proximal surface water basins 

Data: Bioregional Assessment Programme (Dataset 1) 

For air temperatures, a meteorological field that has higher spatial autocorrelation than P, 

regional distribution is governed by topography and distance from the ocean. The Tmax spatially-

averaged long-term monthly mean is 22 °C for the Clarence-Moreton bioregion (Figure 4a). The 

associated RMSE is approximately 0.47 °C (Figure 4b), which leads to a relative error of 2% for Tmax 

(Figure 4c). For Tmin in the Clarence-Moreton bioregion, there are similar spatial patterns, with the 

spatially-averaged long-term monthly mean being 12.5 °C (Figure 5a) and the associated RMSE 

being approximately 0.69 °C (Figure 5b), which leads to a relative error of 8% for Tmin (Figure 5c). 
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Figure 4 Spatial variation of maximum air temperature (Tmax) from 1980 to 2009 (a) monthly mean Tmax (b) root-

mean-square error (RMSE) of monthly mean Tmax and (c) monthly mean Tmax relative error for the Clarence-Moreton 

bioregion and proximal surface water basins 

Data: Bioregional Assessment Programme (Dataset 1) 
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Figure 5 Spatial variation of minimum air temperature (Tmin) from 1980 to 2008 (a) monthly mean Tmin (b) root-

mean-square error (RMSE) of monthly mean Tmin and (c) monthly mean Tmin relative error for the Clarence-Moreton 

bioregion and proximal surface water basins 

Data: Bioregional Assessment Programme (Dataset 1) 

2.1.1.3 Gaps 

The characterisation of input data errors suggests that having a denser network of official Bureau 

of Meteorology stations recording climate data has the potential for improved water-related 

modelling in the Clarence-Moreton bioregion. For precipitation, while the greatest RMSE values 

are in the higher rainfall area to the north-east of Kyogle, the greatest relative errors are in the 

lower rainfall areas further west. 
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2.1.2 Geology 

Summary 

This section describes the datasets that have been obtained and compiled for the 

development of the three-dimensional geological model of the Clarence-Moreton bioregion. 

This section also describes the workflow used to build the three-dimensional geological 

models. The geological data described in this product inform the development of multiple 

three-dimensional geological models of surface water basins within the Clarence-Moreton 

bioregion. 

Prior to this bioregional assessment, no three-dimensional geological models existed for most 

areas within the Clarence-Moreton bioregion (for example, no models existed for the 

Clarence-Moreton bioregion in Queensland). Furthermore, although pre-existing grids were 

available for selected sedimentary bedrock hydrostratigraphic units such as the Walloon Coal 

Measures (the primary target of coal seam gas (CSG) exploration) in NSW, no three-

dimensional representations of alluvial or volcanic aquifers and shallower bedrock units 

existed anywhere in the Clarence-Moreton bioregion. The three-dimensional geological 

models developed during this bioregional assessment therefore substantially contribute to 

the understanding of the geometry and architecture of sedimentary bedrock units, volcanic 

aquifers and alluvial aquifers in the Clarence-Moreton bioregion. 

Section 2.1.2.1 introduces the data types that underpinned the three-dimensional geological 

model. They include lithological and stratigraphic logs from groundwater bores and 

exploration and deep stratigraphic wells, airborne geophysical data, remotely sensed data, 

seismic data and geological structure information. ArcGIS and GoCAD were used to determine 

the extent of major stratigraphic units at the surface and in the subsurface by integrating and 

visualising all the associated data.  

The major geological data sources in the Clarence-Moreton bioregion are geological maps, 

lithological and stratigraphic data from the Queensland and NSW groundwater databases, 

stratigraphic records from exploration wells and geophysical data. In addition, interpolated 

surfaces of selected geological contacts (i.e. interfaces between different sedimentary 

bedrock stratigraphic units) provided by Metgasco Limited and the NSW Department of Trade 

and Investment helped to inform the development of the three-dimensional geological 

models. 

The Clarence-Moreton bioregion includes six major alluvial aquifer systems, which are likely 

to directly support many of the groundwater-dependent assets. These alluvial systems are the 

Lockyer Valley, the Bremer river basin and Warrill creek basin, the Logan-Albert river basin, 

the Richmond river basin, and the Clarence river basin. These alluvial aquifers overlie the 

bedrock stratigraphic units of the geological Clarence-Moreton Basin and the basalts of the 

Main Range Volcanics and Lamington Volcanics. 

Data from groundwater bores underpin the characterisation of the interface between the 

alluvial aquifer systems and the underlying sedimentary and volcanic bedrock, which is crucial 

in determining how shallow and deep aquifer systems interact hydraulically. There are more 
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different river basins of the bioregion. However, only approximately 40% of these bores have 

stratigraphic information, and the stratigraphic information is often incomplete (i.e. not 

continuous for the entire bore length) or incorrect. When possible, the lithological logs were 

converted into stratigraphic logs, and these were subsequently used to define the contacts 

between the alluvium and the underlying sedimentary or volcanic bedrock. The spatial 

interpolation of the groundwater stratigraphic data shows that these different alluvial aquifer 

systems within the bioregion are very different with regards to their sediment thickness, the 

width of the alluvial plains and the shape of the valleys. However, there are also some 

common characteristics. For example, most alluvial systems in the bioregion are relatively 

narrow and deeply incised into the bedrock in their headwaters, with a typical thickness of 

approximately 10 to 15 m, and although the thickness distribution within each alluvial system 

is highly variable, all systems have a maximum thickness of approximately 30 to 35 m. 

The subsurface geometry of the bedrock stratigraphic units of the Clarence-Moreton Basin 

within the Clarence-Moreton bioregion is generally very complex. The Clarence-Moreton 

Basin consists of several sub-basins, and within each sub-basin, multiple depositional centres 

exist where sediment thicknesses of more than 2500 m have been intersected or are inferred. 

In addition, as demonstrated by seismic data, tectonic activity has resulted in significant 

vertical displacements of bedrock units along faults. 

The definition of the boundaries between the deeper volcanic and sedimentary bedrock units 

in the bioregion is based on the following principal sources: groundwater bore data; deep 

stratigraphic wells; CSG, petroleum and coal exploration wells; and seismic interpretation 

provided by Metgasco Limited and the NSW Department of Trade and Investment. 

Overall, the spatial coverage with deep stratigraphic and exploration wells in the Clarence-

Moreton bioregion is comparatively poor in relation to the structural complexity and 

compared to other sedimentary basins such as the neighbouring Surat Basin. However, the 

spatial coverage has considerably improved during the last 10 to 15 years due to the drilling 

of new exploration wells. Nevertheless, in some parts of the bioregion, such as where the 

Clarence-Moreton Basin underlies the Bremer river basin in south-east Queensland, there is 

still a substantial lack of knowledge on the depth of the sedimentary basin as most wells do 

not intersect the deeper stratigraphic units below the Walloon Coal Measures (the primary 

target for CSG) here. 

In addition, the spatial resolution of reliable well log and seismic data is not sufficient 

everywhere to model how faults vertically displace bedrock units. 

The three-dimensional geological models developed using the data sources and workflows 

described in this product form the basis for the development of a conceptual hydrogeological 

model that describes how geology, hydrogeology and hydrology are linked (described in 

companion product 2.3 for the Clarence-Moreton bioregion (Raiber et al., 2016)). It also 

forms the basis for the development of a groundwater model (described in companion 

product 2.6.2 for the Clarence-Moreton bioregion (Cui et al., 2016)).  
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2.1.2.1 Methods 

The primary aim of the compilation of the geological datasets described in this product is to 

inform the development of three-dimensional geological models of the Clarence-Moreton 

bioregion. In many traditional sedimentary basin geological and hydrogeological investigations, 

the primary aim of developing three-dimensional models is to characterise the aquifer geometry 

of deep sedimentary bedrock layers to facilitate the development of petroleum resources or 

characterise deep groundwater resources. Shallower aquifer systems such as alluvial systems or 

volcanic aquifers are often inadequately represented in these models or lumped together as 

ΨŀƭƭǳǾƛǳƳΩ ƻǊ ΨƻǾŜǊōǳǊŘŜƴΩΦ ¢ƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ŦŀŎǘ ǘƘŀǘ Ƴƻǎǘ ǿŀǘŜǊ-dependent assets in the 

Clarence-Moreton bioregion are associated with shallow aquifers or surface water, three-

dimensional geological models developed during this bioregional assessment aim to accurately 

describe the geometry of both shallow and deep aquifers in the Clarence-Moreton bioregion. In 

particular, the geological datasets and the three-dimensional geological models aim to 

characterise the geological contacts between the alluvium, the Main Range and Lamington 

volcanics and sedimentary bedrock. Understanding the geometry of these interfaces is critical to 

help with the conceptualisation of groundwater dynamics and surface water ς groundwater 

interaction. It will also underpin the development of causal pathways that link coal resource 

developments to water-dependent assets described in companion product 2.3 for the 

Clarence-Moreton bioregion (Raiber et al., 2016). Furthermore, it also provides the layer structure 

for a numerical groundwater flow model, which is developed to assess the potential impacts of 

CSG development on water resources in the Clarence-Moreton bioregion (Cui et al., 2016).  

The three-dimensional geological models developed as part of the Clarence-Moreton Bioregional 

Assessment (the Assessment) are developed in GoCAD/SKUA (Paradigm Geophysical Pty Ltd®) and 

described in detail in companion product 2.3 for the Clarence-Moreton bioregion (Raiber et al., 

2016). They depict the main stratigraphic units of the Clarence-Moreton bioregion (Figure 6), but 

do not represent variations in lithological composition (lithofacies or rock types). Furthermore, 

although the current three-dimensional geological models represent important structural 

features, fault displacements are not modelled in the current set of three-dimensional geological 

models (see Section 2.1.2.1.5 and Section 2.1.2.4).  

2.1.2.1.1 Lithological and stratigraphic data 

Bore logs or well logs (also commonly known as drill logs) are the main source of data used to 

construct the three-dimensional geological model, and to reliably assign screened intervals 

(corresponding to the interval where the casing is slotted to allow intake from the aquifer) to 

discrete stratigraphic units (e.g. Quaternary alluvium or Walloon Coal Measures in the 

Clarence-aƻǊŜǘƻƴ ōƛƻǊŜƎƛƻƴύΦ Lƴ ǘƘƛǎ ǇǊƻŘǳŎǘΣ ΨōƻǊŜΩ ƻǊ ΨōƻǊŜ ƭƻƎΩ ƛǎ ǳǎŜŘ ǿƘŜǊŜ ŀ ǊŜŦŜǊŜƴŎŜ ƛǎ 

ƳŀŘŜ ǘƻ ƎǊƻǳƴŘǿŀǘŜǊ ōƻǊŜǎΣ ǿƘŜǊŜŀǎ ΨǿŜƭƭΩ ƛǎ ǳǎŜŘ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ ŜȄǇƭƻǊŀǘƛƻƴ ǿŜƭƭǎ ƻǊ ŘŜŜǇ 

stratigraphic wells. Groundwater bore logs and associated groundwater level measurements are 

also essential for constructing potentiometric surface maps that show groundwater flow direction 

and for characterising spatial and/or temporal water chemistry patterns within aquifers. 
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¶ groundwater bores, sourced from the Queensland Department of Natural Resources and 

Mines (DNRM) groundwater database (Queensland Department of Natural Resources and 

Mines, Dataset 1) and the National Groundwater Information System (NGIS) groundwater 

database (Bureau of Meteorology, Dataset 2) 

¶ deep stratigraphic wells, sourced from ǇǳōƭƛŎŀǘƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ hΩ.ǊƛŜƴ ŀƴŘ ²Ŝƭƭǎ όмффпύ 

¶ exploration wells, including CSG exploration wells, coal exploration wells, mineral 

exploration and petroleum exploration wells, sourced from company well completion 

reports accessed through the Queensland DNRM Interactive Resource and Tenure Maps 

(IRTM) system and the NSW Digital Imaging Geological Systems (DIGS®). 

Geotechnical wells exist in the eastern part of the basin, but have not been used to date as they 

are mostly shallow and only record lithological rather than stratigraphic information. 

A typical bore/well log includes the following information: 

¶ a registration number that uniquely identifies the well 

¶ a location (easting and northing, or longitude and latitude) 

¶ the total depth 

¶ bore/well type (e.g. groundwater, exploration, appraisal or production) 

¶ an elevation of the natural ground surface or the top of the casing 

¶ lithological and stratigraphic descriptions with their associated depth intervals. 

Typically, this information is collected by drillers (for groundwater bores) and/or geologists (for 

exploration wells) when the bore/well is first installed, and then passed on to state agencies for 

archiving in an electronic database. 

While the different bore and well log data are very useful, there are some challenges associated 

with the use of data from multiple bore/well types in regional-scale syntheses such as the 

Bioregional Assessment Programme. For example, there is often limited consistency in the ways in 

which bores/wells are completed, there is no generally adopted standard template, and different 

companies have different style sheets and purposes. In addition, the groundwater bores and 

exploration wells were drilled over a very long time period (more than 100 years), and terminology 

and standards have changed substantially over time. Three-dimensional geological models, 

potentiometric surface maps and many other geological, hydrochemical or hydrogeological 

applications are dependent on the accuracy and consistency of the input data from which they are 

developed. The quality of the bore log data in the groundwater databases in Queensland (tables 

Ψ{ǘǊŀǘƭƻƎǎΩ ŀƴŘ Ψ{ǘǊŀǘƛƎǊŀǇƘȅΩ ƛƴ vǳŜŜƴǎƭŀƴŘ 5ŜǇŀǊǘƳŜƴǘ ƻŦ bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ ŀƴŘ aƛƴŜǎ 

(Dataset 1ύύ ŀƴŘ b{² όǘŀōƭŜǎ Ψ5ǊƛƭƭŜǊǎ ƭƻƎǎΩ ŀƴŘ ΨDŜƻƭƻƎƛǎǘ ƭƻƎǎΩ ƛƴ .ǳǊeau of Meteorology 

(Dataset 2)) is highly variable and often very poor, particularly for bores which were drilled several 

decades ago when drillers had little or no experience in geological logging. 

Some common problems with lithological and stratigraphic descriptions in these databases are: 

¶ no lithological and/or stratigraphic information available for many bores or wells 
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¶ omission of important information such as the colour of sandstones 

¶ use of incorrect geological terms 

¶ no depth information 

¶ misspellings. 

Consequently, all well log data were subjected to extensive data quality checks prior to use in 

construction of the three-dimensional geological model or for hydrogeological or hydrochemical 

applications. 

Data preparation 

The main steps and procedures used to check, simplify and unify lithological bore log data 

descriptions were: 

¶ Consistent use of terminology and spelling. The first stage of checking the bore log data 

involved editing the lithological and stratigraphic descriptions to ensure consistent use of 

terminology and spelling. This was done for each individual bore log and also across the 

entire dataset. For example, superseded stratigraphic unit names (e.g. Helidon Sandstone 

instead of Woogaroo Subgroup) are common in the Queensland groundwater database 

(Queensland Department of Natural Resources and Mines, Dataset 1). Furthermore, in the 

NSW groundwater database (Bureau of Meteorology, Dataset 2ύΣ ŘŜǎŎǊƛǇǘƛƻƴǎ ǎǳŎƘ ŀǎ ΨōƭǳŜ 

ƳŜǘŀƭΩ ƻǊ ΨƳŜǘŀƭΩ ŀǊŜ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ōŀǎŀƭǘǎΦ ¢ƘŜ ǳǎŜ ƻŦ ǎǳŎƘ ǘŜǊƳǎ ǘƻ ŘŜǎcribe basalts is 

ǿƛŘŜƭȅ ƪƴƻǿƴ ƛƴ ƎŜƻƭƻƎȅΣ ŀƴŘ ǘƘŜȅ Ŏŀƴ ǘƘŜǊŜŦƻǊŜ ōŜ ŎƻƴǾŜǊǘŜŘ ǘƻ ΨōŀǎŀƭǘΨΦ {ǇŜƭƭƛƴƎ ƳƛǎǘŀƪŜǎ 

ǿŜǊŜ ŀƭǎƻ ŎƻǊǊŜŎǘŜŘΣ ŜΦƎΦ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ ΨŎƻǳǊǎŜ ǎŀƴŘǎǘƻƴŜΩ ǿƛǘƘ ΨŎƻŀǊǎŜ ǎŀƴŘǎǘƻƴŜΩΦ 

¶ Identification of geological inconsistencies or geological errors. In the second stage of data 

checking, the bore log data were examined for geological inconsistencies that may have 

represented errors in the lithological descriptions. Table 3 shows a hypothetical example 

ǿƘŜǊŜ ΨƎǊŀƴƛǘŜΩ ƛǎ ǊŜǇƻǊǘŜŘ ǘƻ ƻŎŎǳǊ ōŜƭƻǿ ŀƴŘ ŀōƻǾŜ ǎŀƴŘǎǘƻƴŜΦ ¢ƘŜ ƭƛǘƘƻƭƻƎƛŎŀƭ ŘŜǎŎǊƛǇǘƛƻƴΣ 

ΨƎǊŀƴƛǘŜΩΣ ƛǎ ǾŜǊȅ ŎƻƳƳƻƴ ƛƴ ǘƘŜ ŘŀǘŀōŀǎŜΣ ōǳǘ ƎǊŀƴƛǘŜǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ŀōǎŜƴǘ ǿƛǘƘƛƴ ǘƘŜ 

extent of the Clarence-Moreton bioregion (although present outside the Clarence-Moreton 

bioregion at the basin margins) (Rassam et al., 2014). This description is therefore 

geologically unlikely, and thus it was assumed with a high level of confidence that the 

original description refers to another bedrock type such as shale. The description was 

ŎƻǊǊŜŎǘŜŘ ƛƴ ǘƘŜ ŘŀǘŀōŀǎŜ ǘƻ ΨǎŜŘƛƳŜƴǘŀǊȅ ōŜŘǊƻŎƪΩΦ ¢ƘŜ ŎŀǳǎŜ ƻŦ ǎǳŎƘ ŜǊǊƻǊǎ Ƴŀȅ ōŜ ǊŜƭŀǘŜŘ 

to poor geological knowledge of the logger or difficulties in distinguishing different rock 

types from cuttings. Other typical geological errors for basalt in the lithological descriptions 

in the NSW and Queensland groundwater databases include: 

- Basalt is incorrectly ŘŜǎŎǊƛōŜŘ ŀǎ ΨǎŀƴŘǎǘƻƴŜΩΣ ΨƘŀǊŘΩΣ ΨǎƘŀƭŜΩΣ ΨōƭŀŎƪ ǎƘŀƭŜΩΣ ΨǊŜŘ ǎƘŀƭŜΩ ƻǊ 

ΨǾƻƭŎŀƴƛŎ ǎƘŀƭŜΩ ƻǊ ǎƛƳǇƭȅ ŘŜǎŎǊƛōŜŘ ŀǎ ΨǊƻŎƪΩΦ 

- Basalt is commonly included in bore log descriptions in areas where basalts are likely to 

be absent according to geological maps or the lack of magnetic anomalies in geophysical 

data. 

- Sandstone is often ŘŜǎŎǊƛōŜŘ ŀǎ ΨǎƘŀƭŜΩΣ ΨǎƻŦǘ ǎƘŀƭŜΩΣ ΨƘŀǊŘΩ ƻǊ ΨǊƻŎƪΩΦ 
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n ¶ Verification of bore elevation data. The source and accuracy of elevation information in a 

bore log database are generally unknown. For example, this can be because many of the 

bores contained in the database were drilled a long time ago and methods to determine the 

elevation have evolved significantly since then. Hence, a digital elevation model (DEM) was 

used to provide independent verification of the ground elevation reported for each 

individual bore log. As the source of ground elevation reported in bore logs is often 

unknown, the elevation estimate from the DEM was generally favoured to ensure 

consistency across the whole dataset. The DEM used in the Assessment has an approximate 

resolution of 1 arc second or 30 m, which is derived from the Shuttle Radar Topography 

Mission (SRTM) dataset (Geoscience Australia and CSIRO Land and Water, 2010). Data for 

the ground surface elevation of each bore were extracted from the DEM in Global 

MapperTM. 

¶ Simplification of lithological logs. Due to the size of the dataset (>30,000 Excel rows), with 

hundreds of different lithological descriptions, the dataset was simplified into a smaller 

subset of lithological descriptions. These lithological descriptions formed the basis for the 

ǇǊŜƭƛƳƛƴŀǊȅ ŀǎǎŜǎǎƳŜƴǘ ƛƴǘƻ ǎƛƳǇƭŜ ǳƴƛǘǎ ǎǳŎƘ ŀǎ ΨŀƭƭǳǾƛǳƳΩΣ ΨǎŜŘƛƳŜƴǘŀǊȅ ōŜŘǊƻŎƪΩ ƻǊ 

ΨōŀǎŀƭǘΩΦ 

¶ Conversion of lithological logs into stratigraphic logs. No stratigraphic information exists for 

the bores in the NSW groundwater database, and only nine bores out of several thousand 

bores within the Clarence-Moreton bioregion in NSW have an aquifer assigned in the 

National Groundwater Information System (Bureau of Meteorology, Dataset 2). The three-

dimensional geological model depicts stratigraphic units, rather than lithological data, as it is 

not possible to model lithological variation at the scale of the entire bioregion. Furthermore, 

many of the stratigraphic units in the Clarence-Moreton bioregion are composed of variable 

sequences of sandstone, mudstone, siltstone or other rock types. As a result, rock types are 

not necessarily characteristic markers of different formations, and the modelling of the 

three-dimensional distribution of the different units in the subsurface is based on 

stratigraphy rather than rock types. Without stratigraphic information, it would not be 

possible to determine the stratigraphy at the screened intervals of groundwater bores. This 

severely limits the usefulness of groundwater level measurements or hydrochemical data for 

further use in the BA. To overcome this limitation, an attempt to assign stratigraphy based 

on lithology was done based on geological knowledge and the expert scientific judgment of 

the Assessment team. An example of the procedure is shown in Table 3. In this example, the 

Koukandowie Formation is the shallowest bedrock unit and the bore is located in an area 

where the alluvium is present. Consequently, the shallow sandstone at this location is 

ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǘƘŜ YƻǳƪŀƴŘƻǿƛŜ CƻǊƳŀǘƛƻƴΦ ¢ƘŜ ǘŜǊƳǎ ΨōƭŀŎƪ ŎƭŀȅΩ ŀƴŘ ΨǎŀƴŘȅ ŎƭŀȅΩ ŀǊŜ 

common lithological descriptions of alluvial sediments, and the sediments which overlie the 

sandstone are therefore likely to be alluvium. Therefore, the lithological description of 

granite from 12 to 15 mBGL (metres below ground level) is likely to be incorrect. For deeper 

bores that are likely to intersect multiple bedrock stratigraphic units, it is often impossible to 

differentiate with sufficient confidence between the stratigraphic units in the vertical 

column based on the lithological records as descriptions are often ambiguous. For example, 

sandstone or shale can occur in differenǘ ǳƴƛǘǎΦ Lƴ ǎǳŎƘ ŎŀǎŜǎΣ ǘƘŜ ǘŜǊƳ ΨǳƴƪƴƻǿƴΩ ǿŀǎ 

assigned to the respective depth interval. 
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Table 3 Example of a hypothetical bore log showing the cleaning and simplification procedure used to convert 

lithological logs to stratigraphic logs 

Bore 

ID 
Bore 
depth 

(mBGLa) 

From 
(mBGL) 

To 
(mBGL) 

Lithological 
log 

Corrected 
and 
simplified 
lithological 
description 

Shallowest 
bedrock 
geological unitb 

Surface 
geological 
unitb 

New 
stratigraphic 
log 

99999 48.7 0 1.2 Black clay Alluvium Within 
Koukandowie 

Within 
alluvium 

Alluvium 

99999 48.7 1.2 4 Sandy clay Alluvium Within 
Koukandowie 

Within 
alluvium 

Alluvium 

99999 48.7 4 12 Rock Sandstone Within 
Koukandowie 

Within 
alluvium 

Koukandowie 

99999 48.7 12 15 Granite Sedimentary 
bedrock 

Within 
Koukandowie 

Within 
alluvium 

Koukandowie 

99999 48.7 15 48.7 Sandstone Sandstone Within 
Koukandowie 

Within 
alluvium 

Koukandowie 

amBGL corresponds to metres below ground level 
bWhen a bore is located within the extent of the alluvium, the bedrock unit underlying the alluvium is also considered. In this 
example, the bore is located within the alluvium, and the bedrock unit underlying the alluvium is the Koukandowie Formation. 

¶  Data validation using geological judgment and reasoning. Although the data checking 

procedure starts prior to the development of the three-dimensional geological model, 

considerable ambiguity may still remain. However, it often becomes evident that certain 

bore log observations or stratigraphic assignments contradict those of neighbouring bores 

when the lithological logs are viewed in three dimensions using a package such as GoCAD 

(Paradigm®). For example, a frequent observation in NSW was that rocks are commonly 

ŘŜǎŎǊƛōŜŘ ŀǎ ΨōŀǎŀƭǘΩ ƛƴ ƭƛǘƘƻƭƻƎƛŎŀƭ ƭƻƎǎ ƛƴ ŀǊŜŀǎ ǿƘŜǊŜ ōŀǎŀƭǘǎ ŀǊŜ ƴot present on geological 

maps and not shown as magnetic anomalies on airborne geophysical images. This becomes 

very evident when all bores are displayed together in three dimensions, and in such cases, 

the original data in the database were revisited and consequently corrected. This process 

will be ongoing throughout the three-dimensional geological model development. 

2.1.2.1.2 Airborne geophysical data 

Airborne geophysical data, including radiometric, magnetic and gravity data, can be very useful to 

identify geological structures such as faults, folds and dykes in sedimentary basins. Airborne 

geophysical data were sourced from Queensland and NSW Government agencies. For NSW, much 

of the available airborne geophysical data has been assessed and compiled by FROGTECH on 

ōŜƘŀƭŦ ƻŦ ǘƘŜ b{² 5ŜǇŀǊǘƳŜƴǘ ƻŦ tǊƛƳŀǊȅ LƴŘǳǎǘǊƛŜǎ ŀƴŘ ƛǎ ƴƻǿ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ Ψ/ƭŀǊŜƴŎŜ-Moreton 

SEEBASETM ŀƴŘ DL{ ǇǊƻƧŜŎǘΩ ǇǊƻŘǳŎǘ ό{ƻƳƳŀŎŀƭ Ŝǘ ŀƭΦΣ нллуύ όb{² 5ŜǇŀǊǘƳŜƴǘ ƻŦ tǊƛƳŀǊȅ 

Industries, Dataset 3). No reprocessing of airborne geophysical data was conducted in the 

Assessment. 

2.1.2.1.3 Remotely sensed data 

Various remote sensing applications (e.g. ASTER, Landsat and MODIS systems) can be very useful 

for different geoscientific applications. One such use is identifying surface expression of faults by 
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constraints, it was not possible to use remote sensing data in this BA, but their usefulness to 

identify surface expression of faults will be further explored as part of a CSIRO strategic project 

όΨNext generation methods and capability for multi-scale cumulative impact assessment and 

ƳŀƴŀƎŜƳŜƴǘΩ ǎǳō-ǘƘŜƳŜ ΨTracer-based improvement of groundwater model conceptualisation 

and predictabilityΩ). 

2.1.2.1.4 Seismic data 

Seismic data are a valuable data source for three-dimensional geological modelling, particularly in 

assessing how faults may juxtapose different geological units. Seismic reflection data (processed 

seismic sections or grids which incorporate seismic data) were sourced from the Division of 

Resources and Energy of the NSW Office of Trade and Investment and from Metgasco Limited 

(Metgasco). The depth information in seismic sections is generally reported in travel time rather 

than metres below ground surface. For the data to be used in three-dimensional geological 

modelling, the seismic data need to be converted from travel time to depth. This is beyond the 

scope of the BA, however, seismic picks from processed seismic data and seismic interpretations 

which incorporate seismic data were provided by Metgasco (Metgasco Limited, Dataset 4) and the 

NSW Department of Trade and Investment (Dataset 5). 

2.1.2.1.5 Geological structures 

The spatial surface distribution of geological structures (e.g. faults) was collated from different 

data sources, including geological maps, geoscientific datasets from the Queensland and NSW 

ƎŜƻƭƻƎƛŎŀƭ ǎǳǊǾŜȅ ŀƴŘ ǘƘŜ Ψ/ƭŀǊŜƴŎŜ-Moreton SEEBASETM ŀƴŘ DL{ ǇǊƻƧŜŎǘΩ ǇǊƻŘǳŎǘ ό{ƻƳƳŀŎŀƭ Ŝǘ 

al., 2008) (NSW Department of Primary Industries, Dataset 3). In addition, seismic images were 

used to qualitatively assess the presence and influence of faults in the subsurface. In seismic 

images, the upper part of the section (apǇǊƻȄƛƳŀǘŜƭȅ млл Ƴύ ƛǎ ƻŦǘŜƴ ΨƴƻƛǎȅΩΣ ŀƴŘ ƛǘ ƛǎ ǘƘŜǊŜŦƻǊŜ ƴƻǘ 

well understood from this data source if faults extend to the surface.  

2.1.2.1.6 Extent of major stratigraphic units at the surface and in the subsurface 

The extent of the major stratigraphic units within the Clarence-Moreton bioregion (Figure 6) was 

constructed in ArcGIS and GoCAD using all available geological information. Geological maps only 

display the extent of geological units at the surface, but for the development of three-dimensional 

geological models, shapefiles represent the extent at both surface and in the subsurface and are 

helpful to guide model development. The recent revision of the stratigraphy of the youngest 

stratigraphic units within the Clarence-Moreton Basin in NSW proposed by Doig and Stanmore 

(2012), and adopted by the Geological Survey of NSW, means that the boundaries of some of the 

younger units have changed. A preliminary new map (not yet officially published) has been 

provided by the Geological Survey of NSW (Geological Survey of NSW, Dataset 6), and has been 

used in the Assessment. Additional data sources were used where bedrock stratigraphic units of 

the Clarence-Moreton Basin (e.g. Walloon Coal Measures) are buried underneath Neogene 

volcanic rocks (e.g. Lamington Volcanics). Lithological and stratigraphic data from groundwater 

bores, deep stratigraphic wells, existing two-dimensional cross-sections (e.g. Ingram and 

Robinson, 1996) and exploration wells were integrated with geological interpretations (e.g. 
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through the construction of many additional cross-sections) in three-dimensional space in GoCAD 

to determine the likely extent of the stratigraphic units both at the surface and subsurface. 

 

Figure 6 Stratigraphic table of the Clarence-Moreton Basin 

¢Ƙƛǎ ŦƛƎǳǊŜ ƛǎ ōŀǎŜŘ ƻƴ wŀǎǎŀƳ Ŝǘ ŀƭΦ όнлмпύΣ 5ƻƛƎ ŀƴŘ {ǘŀƴƳƻǊŜ όнлмнύΣ wŀŘƪŜ ŀƴŘ hΩ.ǊƛŜƴ όнлмнύ ŀƴŘ hΩ.ǊƛŜƴ ŀƴŘ ²Ŝƭƭǎ όмффпύ 
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2.1.2.2.1 Lithological and stratigraphic data 

Groundwater bores 

Groundwater bores from the Queensland and NSW groundwater databases are an important 

source of information on lithological data and have underpinned the development of the three-

dimensional geological model. More than 12,000 registered groundwater bores have lithological 

information in the Clarence-Moreton bioregion (Table 4). The Lockyer Valley in south-east 

Queensland has the highest density of groundwater bores with lithological information from more 

than 5000 bores (Figure 7 and Table 4). The Richmond river basin in NSW has more than 3000 

bores with lithological data. The spatial coverage in other river basins such as the Bremer river 

basin and Warrill creek basin, the Logan-Albert river basin and in particular the Clarence river 

basin is much poorer, which is attributed to different land uses and/or a stronger reliance on 

surface water. 

Table 4 Groundwater bores with lithological information in the Clarence-Moreton bioregion 

River basin Number of groundwater 
bores with lithological 

information 

Number of groundwater 
bores with stratigraphic 
information in database 

Median depth of 
groundwater bores with 

stratigraphy 

(m) 

Lockyer Valley (part of 
Brisbane river basin) 

5362 2914 27.4 

Bremer river basin (part of 
Brisbane river basin) 

862 225 18 

Logan-Albert river basin 1550 220 19.8 

Mid- and Lower Brisbane 
river basin 

964 161 na 

Richmond river basin 3309 6 na 

Clarence river basin 474 0 na 

na = data not applicable  
Data: Bioregional Assessment Programme (Dataset 7, Dataset 8)  

Information from the groundwater bores is critical to characterise the contact between the 

alluvium and the underlying volcanic and sedimentary bedrock. However, its usefulness for 

developing the formation tops of deeper aquifers is mostly limited. This is indicated by the shallow 

depths of most groundwater bores. For example, groundwater bores with lithological data in the 

Lockyer Valley have a median depth of only 27.4 m in comparison to the depth of the Clarence-

Moreton Basin which exceeds 2000 m in many parts of Queensland and NSW. 

In addition to this depth limitation, there is also a substantial lack of stratigraphic information 

associated with the groundwater bores. For example, less than half of all bores with lithological 

data also have stratigraphic data (where depth horizons are assigned to stratigraphic layers) in the 

DNRM groundwater database (Table 4 and Figure 7), and only six bores have stratigraphic 

information in the NSW part of the bioregion (Table 4). Bores that lack stratigraphic data are of 

limited use for the purpose of building the three-dimensional geological model. As this poses a 
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severe limitation, considerable effort has been made by the Assessment team to improve the 

lithological data, and where possible, stratigraphic data were assigned to the bores. This was 

possible for most bores in NSW, and the interface between alluvium and underlying bedrock can 

therefore be well defined in most areas. However, in many cases, ambiguity remains with regards 

to the assignment of the stratigraphic units for deeper groundwater bores. Following that process, 

all bores were imported into GoCAD for further data quality assessments, thus paving the way to 

commence the development of the interface between the alluvial aquifers and the underlying 

bedrock aquifers. During the development of the three-dimensional geological model, this 

classification was further improved iteratively. 



2.1.2 Geology 

28 | Observations analysis, statistical analysis and interpolation for the Clarence-Moreton bioregion 

C
o

m
p

o
n

e
n

t 
2

: 
M

o
d

e
l-d
a

ta
 a

n
a

ly
si

s 
fo

r 
th

e
 

C
la

re
n

c
e-M

o
re

to
n

 b
io

re
g

io
n 

 

Figure 7 Groundwater bores with lithological data in the Clarence-Moreton bioregion 

Data: Bioregional Assessment Programme (Dataset 7) 
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Stratigraphic wells 

In addition to the groundwater bores, there are also 22 stratigraphic wells in the bioregion 

(Bioregional Assessment Programme, Dataset 9). These were drilled as part of a programme to 

improve the understanding on the character and depth of the sedimentary sequences in the 

Clarence-aƻǊŜǘƻƴ .ŀǎƛƴ ŀǎ ŘŜǎŎǊƛōŜŘ ƛƴ hΩ.ǊƛŜƴ ŀƴŘ ²Ŝƭƭǎ όмффпύΦ ²ƛǘƘ ŀ ƳŀȄƛƳǳƳ ŘŜǇǘƘ ƻŦ ƳƻǊŜ 

than 1000 m and a mean depth of more than 400 m (Table 5), these wells are substantially deeper 

than most groundwater bores. In addition, the quality of the stratigraphic information from these 

wells is much better than the quality of groundwater bore log descriptions, and several of these 

deep stratigraphic wells penetrate the entire sedimentary sequence of the Clarence-Moreton 

Basin and intersect the underlying basement. These data therefore provide an important source of 

information on the subsurface distribution and thickness of the stratigraphic units of the Clarence-

Moreton Basin. 
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Figure 8 Groundwater bores with stratigraphic data and deep stratigraphic wells in the Clarence-Moreton bioregion 

Data: Bioregional Assessment Programme (Dataset 8, 9) 
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Exploration wells 

In addition to the stratigraphic wells mentioned above, exploration wells are another important 

data source for the construction of the formation tops that have underpinned the development of 

the three-dimensional geological model. 

The different exploration well types in the bioregion are: 

¶ CSG exploration, trial or pilot wells 

¶ petroleum or conventional gas exploration wells 

¶ coal exploration wells 

¶ mineral exploration wells. 

Coal seam gas exploration wells 

Stratigraphic data were collated from wells that originated from various sources. There are 39 CSG 

wells in the Queensland part of the Clarence-Moreton bioregion and 74 in the NSW part 

(Bioregional Assessment Programme, Dataset 10), with most wells drilled in the last 10 to 15 years 

predominantly by Metgasco and Arrow Energy Pty Ltd (Arrow Energy). Well completion reports 

were downloaded from the DNRM QDEX database and the NSW Department of Trade and 

Investment DIGS®database. In addition, unpublished well completion reports were provided by 

Metgasco. With mean depths of 551 m and 782 m, and maximum depths of 1052 m and 1522 m in 

Queensland and NSW, respectively, these wells significantly enhance the understanding of the 

subsurface geometry. Resulting from the new data from CSG exploration wells, there has also 

been a revision of the stratigraphy of the youngest bedrock units of the Clarence-Moreton Basin in 

NSW (Doig and Stanmore, 2012). Most of these CSG exploration wells have targeted CSG 

resources within the Walloon Coal Measures, but some wells were also drilled to explore the CSG 

potential of the older Ipswich Coal Measures (Figure 9). In addition to the data from the CSG well 

completion reports, a spreadsheet with formation tops re-interpreted to account for the revised 

stratigraphy was provided by Metgasco, forming one of the key data sources for the development 

of the three-dimensional geological model (Metgasco Limited, Dataset 11). 

Petroleum and conventional gas exploration wells 

Petroleum and conventional gas exploration in the bioregion commenced decades ago. There are 

currently 26 petroleum/conventional gas exploration wells in Queensland (most of which were 

drilled prior to 1990) and 24 in NSW (Bioregional Assessment Programme, Dataset 10). Despite 

being fewer than the CSG exploration wells, they are considered an important source of 

information for understanding subsurface aquifer geometry. Due to the considerable depth of 

some of those wells (Table 5) that extend as deep as 2490 m in NSW at Kyogle 1, and together 

with seismic data, they are considered the most important data source for constructing formation 

tops of the deeper stratigraphic units in the Clarence-Moreton Basin (e.g. Gatton Sandstone and 

Woogaroo Subgroup). 
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 Count Minimum depth 

(mBGL) 

Mean depth 

(mBGL) 

Maximum depth 
(mBGL) 

CSG (exploration, trial or pilot) 39 84 551 1052.5 

Petroleum exploration (conventional 
gas or oil) 

26 34 464 2490 

Coal exploration 576 na na na 

Mineral resources exploration na na na na 

Stratigraphic wells 22 36 450 1238 

na = data not applicable 
Data: Bioregional Assessment Programme (Dataset 9, Dataset 10, Dataset 12). In addition, information from publications (e.g. 
hΩ.ǊƛŜƴ ŀƴŘ ²Ŝƭƭǎ όмффпύ ŀƴŘ LƴƎǊŀƳ ŀƴŘ wƻōƛƴǎƻƴ όмффсύύ ƛǎ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘΦ 

Table 6 Exploration and stratigraphic wells in the Clarence-Moreton bioregion in NSW 

 Count Minimum depth 

(mBGL) 

Mean depth 

(mBGL) 

Maximum depth 
(mBGL) 

CSG (exploration, trial or pilot) 74 204 782 1522 

Petroleum exploration (conventional 
gas or oil) 

24 393 1493 2490 

Coal exploration 94 na na na 

Mineral resources exploration na na na na 

Stratigraphic bores na na na na 

na = data not applicable 
Data: Bioregional Assessment Programme (Dataset 9, Dataset 10, Dataset 13) . In addition, information from publications (e.g. 
hΩ.ǊƛŜƴ ŀƴŘ ²Ŝƭƭǎ όмффпύ ŀƴŘ LƴƎǊŀƳ ŀƴŘ wƻōƛƴǎƻƴ όмффсύύ ƛǎ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘΦ 

Coal exploration wells 

There are 670 coal exploration wells in the bioregion, of which 576 are in Queensland (Bioregional 

Assessment Programme, Dataset 12) and 94 in NSW (Bioregional Assessment Programme, 

Dataset 13) (Table 5 and Table 6). In comparison to the CSG, petroleum and conventional gas 

exploration wells, these are considered less useful for developing the three-dimensional geological 

model because: 

¶ They are typically shallower and most of them only target the uppermost 50 to 100 m of the 

Walloon Coal Measures or Ipswich Coal Measures at the shallow margins of the Clarence-

Moreton Basin. 

¶ For most of them, there are only lithological data with no stratigraphic descriptions 

available. 

¶ They often only target one formation and do not intersect the underlying formation, hence, 

the only useful information that can be derived is the minimum depth of the target 

formation. 

¶ The quality of the well completion reports is poorer compared to those for CSG and 

petroleum wells, with no digital records of logs. 
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Nevertheless, the well completion reports for the coal exploration wells were obtained from the 

DNRM QDEX and the NSW Department of Trade and Investment DIGS® databases and, with a 

focus on the deeper coal exploration wells, any useful information was extracted. 
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Figure 9 Spatial distribution and depth of coal seam gas and petroleum exploration wells 

Wells drilled outside the boundary of the Walloon Coal Measures target the deeper and older coal of the Ipswich Coal Measures 
Data: Bioregional Assessment Programme (Dataset 10) 
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Mineral exploration wells 

In contrast to CSG, petroleum and coal bores, there are no geographic information system (GIS) 

datasets available from the Queensland IRTM system or NSW Geoscience Information Services 

that show the location and depth of the mineral exploration bores in the bioregion. Instead, there 

is a shape file that shows all mineral exploration projects within a specified area. It was therefore 

necessary to assess each project report individually to search for useful data. Most of the mineral 

exploration data in the bioregion appeared to be of limited use due to the shallow depth of the 

bores and/or the lack of stratigraphic descriptions. However, a final report on Exploration Licence 

4430 by BHP Minerals (Darby, 1993; Torr, 1994) contained very useful lithological logs of 

approximately 113 shallow bores in the Bungawalbin Creek in the southern Richmond river basin, 

an area that has little data in the NSW groundwater database. These data were then manually 

entered into the database (Bioregional Assessment Programme, Dataset 14) and combined with 

the groundwater bore dataset to improve the definition of the interface between the alluvial 

aquifer and the underlying bedrock. 

2.1.2.2.2 Geological maps 

There are many geological maps for the bioregion that range in scale from 1:100,000 to 

1:1,000,000. 

Geological maps used in the Assessment are: 

¶ South-East Queensland geology (Bioregional Assessment Programme, Dataset 15): this 

dataset contains 1:100,000 digital map sheets for the entire bioregion in Queensland. This 

map is used to define the surface geology extent for the three-dimensional geological 

modelling in Queensland 

¶ Warwick-Tweed Heads 1:250,000 dataset (Brunker et al., 1972): covers the northern part of 

the bioregion in NSW 

¶ Surface geology map of Australia: 1:1,000,000 geological maps (compiled at a 1:250,000 

scale) that cover the entire bioregion (Bioregional Assessment Programme, Dataset 16) 

¶ NSW Coastal Quaternary Geology (1:25,000 and 1:100,000 scales): detailed geological maps 

of the Quaternary geology in the coastal region of the bioregion in NSW.  

¶ An unreleased GIS dataset of the revised bedrock geology in NSW (Geological Survey of 

NSW, 2014). One of the challenges in this project is that a change in the stratigraphic 

classification of the Clarence-Moreton Basin sedimentary sequences has been proposed by 

Doig and Stanmore (2012) based on the newly available data from CSG exploration wells. 

This proposed revision has been adopted by the Geological Survey of NSW. A new 

(preliminary) GIS dataset of the boundaries of the bedrock stratigraphic units in the 

bioregion in NSW has been developed by the Geological Survey of NSW (Geological Survey of 

NSW, 2014) and provided for the purpose of the Assessment (Geological Survey of NSW, 

Dataset 6). 

Apart from the larger-scale (1:1,000,000 or 1:2,000,000) geological maps which generally do not 

show enough differentiation between formations (e.g. between the Gatton Sandstone and the 

Koukandowie Formation in many areas), there is no single geological map that covers the entire 
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n bioregion. As a result, and also to account for the revision of the stratigraphy of the Clarence-

Moreton Basin in NSW, a new composite geological map which combines different datasets was 

developed for the Assessment (Figure 10). To serve the purpose of the three-dimensional 

geological modelling, this composite geological map needed to be further simplified as only 

limited complexity can be captured by the three-dimensional geological model due to 

computational limitations. 

To achieve this simplification, stratigraphic units were combined where possible (e.g. different 

intrusive rocks were combined into a single class) and the alluvial aquifer boundaries were 

changed to exclude small alluvial tributary systems with widths of less than 200 m. 
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Figure 10 New geological map derived from different pre-existing maps and showing the revised stratigraphy in 

New South Wales 

This map adopts the revised stratigraphic classification proposed by Doig and Stanmore (2012). 
Data: (i) Surface geology map of Australia 1:1,000,000 (Bioregional Assessment Programme, Dataset 16), (ii) Geological Survey of 
NSW (Dataset 6), (iii) Geological survey of Queensland (Bioregional Assessment Programme, Dataset 15) 
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The national geophysics dataset fully covers the Clarence-Moreton bioregion with magnetic, 

radiometric and gravity datasets. However, the usefulness of these geophysical datasets for this 

project is limited to the identification of regional-scale geological structures due to the coarse 

resolution. Apart from these national geophysical survey datasets, the Clarence-Moreton 

bioregion has some of the poorest coverage of site-specific airborne geophysical data in 

Queensland with only one available survey. In NSW, the Grafton ς Tenterfield Airborne 

Geophysical Survey was released in 2012. In addition to the gridded geophysical datasets 

downloaded from the Geophysical Archive Data Delivery System (GADDS), more geophysical data 

compilations are available for the bioregion in NSW. Data packages containing geophysical data 

that were obtained from the Geological Survey of NSW (NSW Office of Trade and Investment) and 

are used in the Assessment are: 

¶ Onshore Clarence-Moreton Basin ς Petroleum Data Package 

¶ Clarence-Moreton Basin ς Geophysical Data Compilation 

¶ Clarence-Moreton SEEBASETM and Structural GIS Project (NSW Department of Primary 

Industries, Dataset 3) 

¶ Clarence-Moreton Basin Seismic Survey 2008 

¶ Grafton ς Tenterfield Airborne Geophysical Survey. 

Geophysics (magnetic, radiometric and gravity) 

Figure 11 shows the airborne geophysical data in the Clarence-Moreton bioregion. The 

geophysical data available for the bioregion include numerous sets of magnetic, gravity and 

radiometric data. Overall, the usefulness of some of these datasets for building the three-

dimensional geological model or the identification of new additional structural features seems to 

be limited due to their coarse resolution. However, the recent Grafton ς Tenterfield airborne 

geophysical survey which covers the northern part of the bioregion in NSW has a considerably 

finer resolution. It has collected magnetic, gamma-ray and digital terrain data within parts of the 

mineral-prospective New England Orogen and the Clarence-Moreton Basin. This survey allows, for 

example, the differentiation of the Lamington Volcanics that are visible as a magnetic anomaly. 
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Figure 11 Airborne magnetic surveys in the Clarence-Moreton bioregion showing the extent of the Lamington 

Volcanics and structural features 

Data: Bioregional Assessment Programme (Dataset 17) 
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Apart from the stratigraphic data from exploration bores and stratigraphic bores, seismic data are 

the most important source of information underpinning the geometry of aquifers in the 

subsurface. In addition, seismic data allow the determination of vertical displacements of 

stratigraphic units along faults. Seismic data can also provide information on the internal 

architecture and disposition of sedimentary rock formations in the subsurface. Seismic data are 

available in the Clarence-Moreton bioregion as follows: 

¶ There are 706 km of seismic lines acquired as part of nine individual seismic surveys in the 

bioregion in Queensland (Figure 12) (Bioregional Assessment Programme, Dataset 18). Most 

of these were collected during the 1960s to 1980s and would require substantial 

reprocessing prior to any use in this project. However, seismic data for the most recent 

survey όΨ.ƻƻƴŀƘΩΣ ŀŎǉǳƛǊŜŘ ōȅ !ǊǊƻǿ 9ƴŜǊƎȅ ƛƴ нлллύ ƘŀǾŜ ōŜŜƴ ŀŎǉǳƛǊŜŘ ŦǊƻƳ ǘƘŜ 

Geological Survey of Queensland. 

¶ There are 249 seismic lines with a total line length of 2471 km in NSW (Figure 12) 

(Bioregional Assessment Programme, Dataset 19). As in Queensland, many of these seismic 

surveys were conducted in the 1960s to 1980s. However, there are also more recent surveys 

conducted by Metgasco in addition to reprocessing the results of older datasets. 

In combination with the stratigraphic records from exploration and stratigraphic wells, grids which 

incorporate seismic interpretations provided by Metgasco (Metgasco Limited, Dataset 4) and the 

NSW Department of Trade and Investment (Dataset 5) for the NSW part of the Clarence-Moreton 

bioregion were used as data inputs to build the three-dimensional geological model in NSW 

(Figure 8). In particular, this helped to understand aquifer geometry and understand the extent 

and type of structural disruption, which may cause direct stratigraphic contact between aquifers 

and aquitards. 

These two datasets included grids of the following layers (covering all or parts of the Clarence-

Moreton bioregion in NSW): 

¶ Metgasco Limited formation top grids (Dataset 4): top of the Kangaroo Creek Sandstone, top 

of the Richmond coal seams (i.e. the top of the coal seams in the Walloon Coal Measures), 

top of Koukandowie Formation (only partially covering the NSW part of the Clarence-

Moreton bioregion) and Gatton Sandstone (only partially covering the NSW part of the 

Clarence-Moreton bioregion). 

¶ NSW Department of Trade and Investment formation top grids (Dataset 5): top Walloon Coal 

Measures (i.e. top of the Richmond coal seam), top Gatton Sandstone, top Ripley Road 

Sandstone (part of the Woogaroo Subgroup), top Ipswich Coal Measures, top Nymboida Coal 

Measures and top of Basement. 

No pre-existing formation top grids or seismic interpretations or picks existed for any of the 

shallower layers in NSW (i.e. any stratigraphic units younger than the Kangaroo Creek Sandstone) 

or for any stratigraphic units in Queensland. More detail on how these existing layers were used to 

inform the three-dimensional geological model is shown in Figure 8 and Section 2.1.2.3.3. 



2.1.2 Geology 

Observations analysis, statistical analysis and interpolation for the Clarence-Moreton bioregion | 41 

C
o

m
p

o
n

e
n

t 2
: M

o
d

e
l-da

ta
 a

n
a

lysis fo
r th

e
 Cla

re
n

c
e-M

o
re

to
n

 b
io

re
g

io
n 

2.1.2.2.4 Remotely sensed data and digital elevation models 

The ground surface elevation has been extracted from the 1-second Shuttle Radar Topography 

Mission (SRTM) DEM data (Geoscience Australia, 2008), which has a resolution of 28.6 m x 28.3 m. 

From the original SRTM data, CSIRO and Geoscience Australia have produced the smoothed 

1-second DEM dataset with buildings and vegetation removed (Geoscience Australia and CSIRO 

Land and Water, 2010) (Geoscience Australia, Dataset 20). This SRTM DEM was re-sampled at a 

lower resolution (200 m) to allow use in the three-dimensional geological models (Bioregional 

Assessment Programme, Dataset 21). This is the primary source of elevation data used in the 

Assessment. However, particularly in low-lying areas such as the Richmond river basin or Clarence 

river basin, the use of lidar data would be beneficial, as there is only very limited topographic relief 

where small errors in the DEM potentially have a large influence on the conceptual and numerical 

models. Lidar data exist for most of the Clarence-Moreton bioregion in Queensland and for part of 

the bioregion in NSW, and are owned by Queensland and NSW state agencies. However, these 

data have not been obtained due to their very considerable cost. 
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Figure 12 Seismic surveys in Clarence-Moreton bioregion  

Data: Bioregional Assessment Programme (Dataset 18, Dataset 19, Dataset 22, Dataset 26) 
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2.1.2.2.5 Geological structure 

There is a range of datasets (GIS data and publications) available on the geological structure of the 

Clarence-Moreton Basin, including: 

¶ Clarence-Moreton SEEBASETM and Structural GIS Project (Geological Survey of NSW) (NSW 

Department of Primary Industries, Dataset 3). The SEEBASE data provide an indication of the 

entire depth to basement across the entire Clarence-Moreton bioregion, but the reliability of 

the depth estimate is highly variable 

¶ seismic data (previously mentioned) 

¶ Queensland geology and structural framework (Geological Survey of Queensland) 

(Geological Survey of Queensland, Dataset 23) 

¶ Petroleum prospectivity of the Clarence-Moreton Basin in NSW (Ingram and Robinson, 1996) 

¶ Geology and petroleum potential of the Clarence-Moreton Basin, NSW and Queensland 

όhΩ.ǊƛŜƴ ŀƴŘ ²ŜƭƭǎΣ мффпύ  

¶ Metgasco fault mapping (derived from reprocessed seismic data, provided in commercial 

confidence by Metgasco) showing faults that are present in different stratigraphic 

formations 

2.1.2.3 Statistical analysis and interpolation 

This section focuses on the development of the three-dimensional geological model, which is 

based on the data sources introduced in the previous section. Multiple three-dimensional 

geological models were developed from the data sources described above, including four regional 

models of the following river basins: 

¶ Brisbane river basin (i.e. Lockyer Valley, Bremer river and Warrill creek basins) 

¶ Logan-Albert river basin 

¶ Richmond river basin 

¶ Clarence river basin. 

In addition, one bioregion-wide model has been developed based on the four regional models. The 

reason for developing regional finer-scale models first was that considerable trial and error is 

involved in the development of three-dimensional geological models, and the computing time 

required to develop the bioregion-wide model is very long. Furthermore, the regional-scale 

models all have a finer resolution, which allows better assessment of the link between geology 

and hydrological processes in specific regions. 

The datasets utilized for the different regional three-dimensional geological models are shown in 

Table 8. 

2.1.2.3.1 Three-dimensional geological model workflow 

This section briefly describes the workflow used to develop the three-dimensional geological 

models of the subsurface stratigraphic architecture of the Clarence-Moreton bioregion. The 
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n models were developed using SKUA® three-dimensional geological modelling software (Paradigm 

Geophysical Pty Ltd, version 14.1). 

2.1.2.3.2 Definition of the stratigraphic column 

A three-dimensional geological model is generally composed of a series of units (layers) that are 

assembled with respect to their chronology and structural relationships. These units are defined 

by a set of boundary horizons, which represent the geological contacts between the different 

formations; a critical step in the modelling workflow is to determine the number of boundary 

horizons needed and identify their location in three-dimensional space (Raiber et al., 2012). During 

this step, the horizons that represent each geological layer are added to the model in 

chronological order, and the types of contacts between the different layers are defined. The 

decision on which layers are included in the three-dimensional geological model is underpinned by 

geological knowledge. Table 7 shows the layers that were included in the regional and/or 

bioregion-wide models. For example, the Grafton Formation and the Orara Formation 

(Bungawalbin Member and Kangaroo Creek Sandstone) are absent in the Brisbane river basin, 

therefore there was no need to include layers representing these units in the Brisbane river basin 

three-dimensional geological model. Another example is the inclusion of the MacLean Sandstone 

(the upper part of the Walloon Coal Measures) as a separate layer in the Richmond river basin 

three-dimensional geological model. In this area, there are sufficient data to differentiate it from 

the coal seams of the Walloon Coal Measures, whereas there are insufficient data elsewhere 

within the Clarence-Moreton bioregion. In addition, the relationships between the different 

horizons are defined during this step. In simple three-dimensional geological models of 

ǎŜŘƛƳŜƴǘŀǊȅ ōŀǎƛƴǎ όƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨƭŀȅŜǊ-ŎŀƪŜ ƳƻŘŜƭǎΩύΣ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ōŜtween the 

different sedimentary bedrock units of a sedimentary basin are usually modelled as conformable 

or unconformable contacts (where the base of each geological layer is represented by the top 

surface of the underlying layer) or as baselaps (where layers terminate along the lower boundary 

of a depositional sequence). However, the inclusion of the alluvium and the volcanic aquifers in 

the three-dimensional geological models of the Clarence-Moreton bioregion adds significantly 

more complexity, as the contacts between the alluvium and the underlying Lamington or Main 

Range volcanics or sedimentary bedrock, as well as the contact between the Lamington or Main 

Range volcanics and the underlying sedimentary bedrock, are eroded. Furthermore, unlike in 

ǎƛƳǇƭŜ Ψlayer-ŎŀƪŜ ƳƻŘŜƭǎΩΣ ǘƘŜ ŀƭƭǳǾƛǳƳ ŀƴŘ ǾƻƭŎŀƴƛŎ ǳƴƛǘǎ ƻǾŜǊƭƛŜ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǎŜŘƛƳŜƴǘŀǊȅ 

bedrock units, and consequently, rather than representing them as formation tops, they are 

represented in the three-ŘƛƳŜƴǎƛƻƴŀƭ ƎŜƻƭƻƎƛŎŀƭ ƳƻŘŜƭ ŀǎ ǘƘŜ ΨōŀǎŜ ƻŦ ŀƭƭǳǾƛǳƳΩ ŀƴŘ ΨōŀǎŜ ƻŦ 

ōŀǎŀƭǘΩΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 
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Table 7 Stratigraphic units included in the regional and bioregion-wide three-dimensional geological models 

Ψ¸Ω ŘŜƴƻǘŜǎ ǘƘŀǘ ŀ ƭŀȅŜǊ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ŀ ǘƘǊŜŜ-dimensional geological model.  
ΨbΩ ŘŜƴƻǘŜǎ ǘƘŀǘ ǘƘŜ ƭŀȅŜǊ ƛǎ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ǎǇŜŎƛŦƛŎ ǊŜƎƛƻƴΣ ōǳǘ ǘƘŀǘ ƛǘ ƛǎ ƴƻǘ ƛƴŎƭǳŘŜŘ ŀǎ ŀ ƳƻŘŜƭ ƭŀȅŜǊΦ  
{ǳǇŜǊǎŎǊƛǇǘ ΩŀΩ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ǎǳŦŦƛŎƛŜƴǘ Řŀǘŀ ŀǾŀƛƭŀōƭŜ ǘƻ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ǘƘŜ aŀŎƭŜŀƴ {ŀƴŘǎǘƻƴŜ ŦǊƻƳ ǘƘŜ Ŏƻŀƭ ǎŜŀƳǎ of the 
Walloon Coal Measures.  
{ǳǇŜǊǎŎǊƛǇǘ ΨōΩ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƭŀȅŜǊǎ ƻŦ ǘƘŜ .ǳƴŘŀƳōŀ DǊƻǳǇ όƛΦŜΦ YƻǳƪŀƴŘƻǿƛŜ CƻǊƳŀǘƛƻƴΣ Dŀǘǘƻƴ {ŀƴŘǎǘƻƴŜ ŀƴŘ 
Woogaroo Subgroup) are not differentiated. 

  Brisbane river 
basin 

Logan-Albert 
river basin 

Richmond 
river basin 

Clarence river 
basin 

Bioregion 
wide 

Quaternary undifferentiated Y Y Y Y Y 

Main Range Volcanics/Lamington 
Volcanics 

Y Y Y Y Y 

Intrusions Y Y N N Y 

Grafton Formation Not present Y Y Y Y 

Bungawalbin Member Not present Y Y Y Y 

Kangaroo Creek Sandstone Not present Y Y Y Y 

Walloon Coal Measures (MacLean 
Sandstone) 

Not 
differentiateda 

Not 
differentiateda 

Y Not 
differentiateda 

Not 
differentiateda 

Walloon Coal Measures (coal 
seams) 

Y Y Y Y Y 

Koukandowie Formation Y Y Not 
differentiatedb 

Y Y 

Gatton Sandstone Y Y Not 
differentiatedb 

Y Y 

Woogaroo Subgroup Y Y Not 
differentiatedb 

Y Y 

Basement undifferentiated Y Y Not 
differentiated 

Y Y 

2.1.2.3.3 Selection of input datasets 

The major datasets used for the development of different regional and for the bioregion-wide 

three-dimensional models are listed in Table 8Φ ! ΨǘƛŎƪΩ ŘŜƴƻǘŜǎ ǘƘŀǘ ŀ ŘŀǘŀǎŜǘ ǿŀǎ ǳǎŜŘ ŦƻǊ the 

development of a specific three-dimensional geological model, whereas a cross indicates that it 

was not used for this model.  

The selection of datasets is primarily based on geographic area. However, it is important to note 

that datasets that represent an area outside a specific regional three-dimensional modeling 

domain but borders this area were in many instances still used for the development of a model to 

avoid model artefacts at the boundary of the model domain. For example, datasets from the 

Richmond river basin three-dimensional geological model were used to inform the model of the 

Logan-Albert river basin (and vice versa). 

The selection is also related to the decision which hydrostratigraphic units are present in a 

particular area, and which units should be included in a specific model (Section 2.1.2.3.2). For 

example, a decision was made by the Assessment team not to include layers below the Walloon 
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n Coal Measures into the groundwater model of the Richmond river basin. The reason for this 

decision was that the Gatton Sandstone and the Koukandowie Formation are low-yielding 

aquitards or partial aquifers which contain highly brackish to saline groundwater, and no or very 

few groundwater bores are screened in these units (Figure 27 in Section 2.1.3 and companion 

product 2.6.2 for the Clarence-Moreton bioregion (Cui et al., 2016)). Therefore, these deeper 

layers below the Walloon Coal Measures were not represented in the three-dimensional 

geological model of the Richmond river basin, as the primary purpose of this model was to provide 

the layer structure for the numerical model. However, all major layers are represented in the 

bioregion-wide three-dimensional geological model.  

Finally, another important criterion for the dataset selection was the timing when datasets 

became available for use in the Assessment. Some datasets, even though they are considered 

useful for the development of a specific regional three-dimensional model, were not available at 

the time when the model was developed. However, all datasets listed in Table 8 were integrated 

to inform the bioregion-wide three-dimensional geological model. 

Table 8 Key datasets and references used in the development of regional and bioregion-wide three-dimensional 

geological models  

! Ψ¸Ω ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ŀ ŘŀǘŀǎŜǘ όƻǊ ŀ ǊŜŦŜǊŜƴŎŜύ ǿŀǎ ǳǎŜŘ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ƳƻŘŜƭΣ ǿƘŜǊŜŀǎ ŀƴ ΨbΩ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƛǘ ǿŀǎ ƴƻǘ ǳǎŜd. 

Dataset name/description Dataset 
number 

Richmond 
river basin 

Bioregion
-wide 
model 

South-East 
Queenslanda 

Logan-
Albert 
river 
basin 

Clarence 
river 
basin  

Clarence-Moreton SEEBASE & Structural 
GIS Project 

3 Y Y Y Y Y 

Metgasco Limited formation top grids 4 Y Y N N Y 

NSW Tade and Investment formation top 
grids 

5 N Y N N Y 

NSW Geological Survey - geological units 
DRAFT line work 

6 Y Y N Y Y 

Metgasco Limited formation top re-
interpretations 

11 Y Y N N Y 

CLM - Coal Bore Holes in QLD 12 N Y N N N 

CLM - Coal Bore Holes in NSW  13 Y Y N N Y 

BHP mineral exploration wells stratigraphy 14 Y Y N N N 

CLM - QLD Surface Geology Mapsheets 15 Y Y Y Y N 

CLM - Geology NSW and QLD combined 16 Y Y Y Y Y 

CLM - Lamington Volcanics extent 17 Y Y N Y N 

Digital Elevation Model (re-sampled at a 
200 m resolution) 

21 Y Y Y Y Y 

CLM - Walloon Coal Measures extent 22 Y Y Y Y Y 

CLM - Kangaroo Creek Sandstone extent 24 Y Y N Y Y 
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Dataset name/description Dataset 
number 

Richmond 
river basin 

Bioregion
-wide 
model 

South-East 
Queenslanda 

Logan-
Albert 
river 
basin 

Clarence 
river 
basin  

Queensland well completion reports 25 N Y Y Y N 

CLM - Woogaroo Subgroup extent 26 N Y Y Y Y 

NSW coal seam gas well completion 
reports 

27 Y Y N Y Y 

Fault surfaces 28 Y Y Y Y Y 

Interpolated base of alluvial systems 29 Y Y Y Y Y 

CLM - Lockyer Valley groundwater bore 
stratigraphy 

30 N Y Y Y Y 

CLM - Logan-Albert river basin 
groundwater bore stratigraphy 

31 Y N N N N 

CLM - Bremer river basin groundwater bore 
stratigraphy 

32 N Y Y Y N 

Richmond river basin groundwater bore 
stratigraphy  

33 Y Y N Y Y 

NSW CSG wells stratigraphy  34 Y Y N Y Y 

Queensland CSG wells stratigraphy  35 N Y Y Y N 

CLM - Gatton Sandstone extent 36 N Y Y Y Y 

CLM - Alluvia extent 37, 38, 
39, 40, 

41 

Y Y Y Y Y 

CLM - Main Range Volcanics extent 42 Y Y Y Y Y 

CLM - Koukandowie Formation extent 43 Y Y Y Y Y 

CLM - Piora Member extent 44 Y Y N Y Y 

CLM - Bungawalbin Member extent 45 Y Y N Y Y 

O'Brien and Wells, 1994 na Y Y Y Y Y 

Ingram and Robinson, 1996 na Y Y Y Y Y 

athe model domain covers the Lockyer Valley, Bremer river basin and the Warrill Creek catchment 
na = not applicable, and these rows refer to reports which provided critical input in the development of the three-dimensional 
geological models  

2.1.2.3.4  Representation of structural elements in the three-dimensional 
geological model 

Geological structures such as faults can have a significant influence on groundwater flow. They 

can, for example, lead to compartmentalization of aquifer/aquitard systems or form preferential 

pathways for inter-aquifer connectivity (discussed in companion product 2.3 for the Clarence-

Moreton bioregion (Raiber et al., 2016)).  
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to the presence of major structural elements has been used to inform the geometry of 

depositional centers such as the Casino Trough and Grafton Trough. For this purpose, major faults 

were imported into the three-dimensional model framework as surfaces and this was particularly 

useful to guide the placement of additional control points to avoid model artefacts in areas of 

poor data density. 

However, modelling vertical displacements (i.e. juxtaposition) of stratigraphic units along faults is 

associated with many challenges; even in data-rich sedimentary basins such as the linked Surat 

Basin (and despite more than 10 years of on-going research by many stakeholders), no adequate 

publicly available basin-wide faulted three-dimensional geological model currently exists. 

Key challenges that are associated with the inclusion of faults in basin-wide three-dimensional 

geological models are: 

¶ Limited or inadequate fault mapping 

¶ Lack of data and understanding on the three-dimensional structure, dip, depth, throw and 

displacement of faults to inform the model  

¶ Conceptual uncertainties on the role of faults: evaluation of existing data reveals 

considerable remaining ambiguity, suggesting that there is considerable conceptual 

uncertainty. This uncertainty is unlikely to be resolved by a single structural model, and this 

highlights the need to develop multiple structural models (as suggested, for example, by Ye 

et al. (2010)). 

¶ Computational time: the integration of alluvial, volcanic bedrock and sedimentary bedrock 

hydrostratigraphic units in the Clarence-Moreton three-dimensional geological models 

results in very long computational times; the inclusion of faults adds considerably to 

computational run times. 

With the exception of the central Richmond river basin, the density of deep wells with good 

stratigraphic records and the coverage by seismic surveys is relatively poor in most parts of the 

Clarence-Moreton bioregion (Figure 9 and Figure 12) compared to other sedimentary basins such 

as the linked Surat Basin. Furthermore, fault mapping particularly in the Queensland part of the 

Clarence-Moreton bioregion is extremely limited. This means that for most areas within the 

Clarence-Moreton bioregion, there are insufficient data to model fault displacements. The only 

area where there may be sufficient data to develop a faulted three-dimensional geological model 

is the Richmond river basin. As a result of these challenges and within available time and 

resources, no faulted three-dimensional geological model could been developed.  

To further enhance the understanding of the hydraulic role of faults, the impact of faults on 

predictions in the context of regional groundwater modelling will be modelled stochastically as 

ǇŀǊǘ ƻŦ ŀ /{Lwh ǎǘǊŀǘŜƎƛŎ ǇǊƻƧŜŎǘ ŦƻǊ ǘƘŜ ŎŜƴǘǊŀƭ wƛŎƘƳƻƴŘ ǊƛǾŜǊ ōŀǎƛƴ όΨbŜȄǘ ƎŜƴŜǊŀǘƛƻƴ ƳŜǘƘƻŘǎ 

and capability for multi-ǎŎŀƭŜ ŎǳƳǳƭŀǘƛǾŜ ƛƳǇŀŎǘ ŀǎǎŜǎǎƳŜƴǘ ŀƴŘ ƳŀƴŀƎŜƳŜƴǘΩΤ ǎǳō-theme 

Ψ¢ǊŀŎŜǊ-based improvement of groundwater model conceptualisation ŀƴŘ ǇǊŜŘƛŎǘŀōƛƭƛǘȅΩύΦ 
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2.1.2.3.5 Characterisation of binding horizons of shallow aquifers (alluvium and 
basalt) 

The data sources used for the three-dimensional geological model have been described in 

previous sections. A certain surface may be well constrained in some parts of the model domain 

but poorly constrained or even absent in others due to a lack of data. To overcome this limitation, 

the depth maps created using kriging (Figure 13 to Figure 17) were used in data-poor areas such as 

the Clarence river basin and in the headwaters of alluvial systems where the data coverage is 

ƎŜƴŜǊŀƭƭȅ ǎǇŀǊǎŜ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ΨōŀǎŜ ƻŦ ŀƭƭǳǾƛǳƳΩ ƘƻǊƛȊƻƴ ƛƴ ǘƘŜ ǘƘǊŜŜ-dimensional geological 

models. In data-rich areas such as the Lockyer Valley or the central Richmond River floodplain, 

additional control points were digitised iƴ Dƻ/!5ϰ όtŀǊŀŘƛƎƳ DŜƻǇƘȅǎƛŎŀƭ tǘȅ [ǘŘΣ ǾŜǊǎƛƻƴ нллфΦпύ 

using regular sets of cross-sections (constructed using the GoCAD add-ƻƴ ƳƻŘǳƭŜ ΨaƛƴƛƴƎ ¦ǘƛƭƛǘƛŜǎΩ 

from Mira Geosciences) to avoid model artefacts and to guide the shape of the horizon. 

Richmond River alluvium 

As shown in Table 4, there are 3309 groundwater bores with lithological data in the Richmond 

river basin. After cleaning these data and converting the lithological data into stratigraphic logs 

where possible, these data were used to create a surface that represents the depth to the base of 

the alluvium, and thus, the interface with the underlying bedrock. This can then be converted to a 

surface representing the elevations that underpin the three-dimensional geological model by 

relating it to the topography (derived from the SRTM data). Figure 13 shows that the depth of the 

Richmond River alluvial system is mostly less than 30 m in the centre of the alluvium of the 

Richmond River drainage line, with local thicknesses of up to approximately 45 m. 

The headwater alluvial systems within the Lamington Volcanics as well as smaller tributary 

systems in the southern part of the Richmond river basin are typically thinner and mostly less than 

15 to 20 m. The shape of these smaller systems (usually v-shape) also differs from the wider 

central drainage line of the Richmond River (u-shaped). 
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Figure 13 Depth to the base of the Richmond River alluvial system and standard deviation associated with the 

prediction 

Data: Bioregional Assessment Programme (Dataset 29) 
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Clarence River alluvium 

As outlined in Section 2.1.2.2.1, there are 474 groundwater bores with lithological data and no 

groundwater bores with stratigraphic data available in the Clarence river basin. Consequently, the 

uncertainty associated with the spatial interpolation is very high in the Clarence river basin 

(Figure 14), as indicated by a standard deviation of nearly 50% of the thickness of the alluvium. 

Based on this limited knowledge, the Clarence River alluvium appears to be considerably thinner 

than the Richmond River alluvium. 

 

Figure 14 Depth to the base of the Clarence River alluvial system and standard deviation associated with the 

prediction 

Data: Bioregional Assessment Programme (Dataset 29)  
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With lithological logs available for more than 5000 groundwater bores, the Lockyer Valley alluvial 

system is the best constrained alluvial system in the bioregion. Accordingly, the standard deviation 

associated with the spatial interpolation is considerably smaller relative to the thickness of the 

system compared to other alluvial systems such as the Clarence River alluvium (Figure 15). 

The thickness of the Lockyer Valley alluvial system generally varies between 20 to 35 m 

throughout much of the central drainage line of Lockyer Creek. Towards the edges, the alluvium is 

thinner. In major tributary systems such as Laidley Creek and the lower reaches of other creeks 

such as Tenthill Creek, the thickness of the alluvial systems is similar (20 to 30 m). In the 

headwaters, most tributary systems of Lockyer Creek have considerably thinner and narrower 

alluvial systems, generally ranging from approximately 5 to 15 m. 

 

Figure 15 Depth to the base of the Lockyer Valley alluvial system and standard deviation associated with the 

prediction 

Data: Bioregional Assessment Programme (Dataset 29) 

Logan-Albert alluvium 

The depth to the base of the Logan-Albert alluvial system is based on 1550 groundwater bores 

(Table 4). The thickness of the Logan-Albert alluvial system (Figure 16) is more variable than the 

Lockyer Valley or the Richmond River alluvial systems. Where the floodplain is widest in the 

central part of the river basin, the alluvial sediments reach a thickness of approximately 30 m. 

However, throughout much of the Logan-Albert river basin, the thickness of the alluvial sediments 

typically ranges between 5 to 20 m. Due to the large size of the catchment and the relatively small 
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