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1. SUMMARY
This study aims to determine the effects of sedimentology and geological structure on vertical and
lateral connectivity in the Walloon Subgroup and adjacent Surat Basin stratigraphic formations. Data
is included from the Walloon Subgroup non-coal interburden, Walloon Subgroup coal seams,
Springbok Sandstone and Eurombah Formation. The study defines regional basin scale, field/block
scale, and well bore scale features. Geological datasets including outcrop, subsurface core, core
analysis and wellbore image logs are used to define small faults, fractures, lithology, and facies. At
the regional and block scale geophysical two dimensional datasets define fault locations, fault offset,
and folds.
Field evidence with core data, dynamic reservoir data, and production data shows examples of
system connectivity. The Walloon Subgroup interburden has a heterogeneous lithology, variable
grainsize and relatively high clay contents making tortuous migration paths for gas and water
molecules. The Eurombah Formation, at the base of the Walloon Subgroup, is considered an
aquitard due to the high clay percentage, very small grainsize, and shale to siltstone lithologies. The
overlying Springbok Sandstone is an aquitard interbedded with small aquifer units. It is a
heterogeneous system with lateral and vertical lithology changes, grainsize variations, and variable
clay contents which can act as baffle effects and impede fluid movement. At the regional and field
scales near vertical faults are found with vertical displacements up to 50m through the coals zones
and sometimes into adjacent stratigraphic layers. Oblique fault displacement is suspected due to the
geological stress history. However, it is difficult to image with the available seismic data. Fault
displacement prevents lateral connectivity between the thinly bedded (<30 centimeter) coal seams
as seen by dynamic production studies. Faults have a low population density and conceptualized to
be fully effective sealing faults due to the high (>50%) clay content of fault affected lithologies. Faults
in the Walloon Subgroup are not fluid migration conduits along and across the deformation zones.
Fractures are found only in discrete coal seams providing the system’s dominant permeability of the
system. At the wellbore and outcrop scale these fractures do not extend into adjacent substrates and
are of variable population density due to intra-coal seam sedimentology changes. At depths less
than 800 meters, coal fractures can be open and allow fluid movement. As depth increases, effective
stress decreases fracture aperture and exponentially diminishes fluid movement.
In general, the geology of the Walloon Subgroup suggests low formation permeability due to the
interaction of unique geological characteristics. Therefore, connectivity within the Walloon Subgroup
and adjacent groundwater systems is considered to be very low in the Surat Basin coal seam gas
areas.
2. INTRODUCTION
Characterising the movement of fluids in sedimentary basins is important to understand in systems
bearing hydrocarbons and groundwater. Connectivity within the Walloon Subgroup and between the
Walloon Subgroup and overlying/underlying aquifers is especially important to characterise as this
will impact gas/water movement in the sedimentary basin. In the Surat Basin of Eastern Australia,
the Walloon Subgroup coal seam gas accumulation relies upon a unique hydrodynamic system to be
prospective for Coal Seam Gas (CSG). Coal seam fracture networks are initially water filled and
require dewatering before commercial gas production can commence. The process removal of coal
seam water (i.e. dewatering) will be negatively impacted if the coal seam is connected to significant
water bearing units such aquifers. It is therefore critical to define the geological mechanisms related
to vertical connectivity between geological units if commercial production of CSG is successful.
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In order to understand connectivity in the Walloon Subgroup of the Surat Basin, this study aims to
characterize and integrate two geological concepts; sedimentology and structure. Sedimentology
includes lithology and mineralogy. Structure includes history as well as present day faults and
fractures. The study examines regional and well bore scale fault and fracture geometry and their
relationship to sedimentological features. The sedimentology of the Walloon Subgroup and adjacent
formations have heterogeneous characteristics which indicate a low permeability between units. A
geological setting with very low vertical connectivity is suggested by the interaction of low density
faults and fractures, relationships between units and a high sealing likelihood.

3. GEOLOGICAL SETTING
The Surat Basin is a large intracratonic basin of Mesozoic (early Jurassic to early Cretaceous) age
extending approximately 300,000 (square kilometre) km2 throughout Central Queensland and
northern New South Wales. The basin forms part of the larger Great Artesian Basin (Green et al,
1997), and inter-fingers westward across the Nebine Ridge with the Eromanga Basin, and eastward
across the Kumbarilla Ridge with the Clarence-Moreton Basin (Exon, 1976). Basement blocks
consisting of the Central West Fold Belt and the New England Fold Belt, limit the basin to the south,
whilst to the north the basin has been eroded and unconformably overlies Triassic and Permian
sediments of the Bowen Basin.
This intracratonic basin attains a maximum sediment thickness in the Mimosa Syncline which follows
the axis of the deeper Taroom Trough plunging gently to the south-south-west. Deposition
commenced in the early Jurassic with the onset of a period of passive thermal subsidence. Fluviallacustrine depositional systems dominated during the initial phase of basin formation depositing the
Precipice Sandstone, Evergreen Formation and the Hutton Sandstone sediments. By the Middle
Jurassic, further alluvial-fluvial deposition occurred with peat mire and swamp environments (Walloon
Subgroup) dominating much of the basin. Throughout this time, volcanism was pervasive particularly
in the east, evidenced by common airborne and water-lain tuff deposits. By the end of the Jurassic,
fluvial deposition dominated again and continued until the earliest Cretaceous. A subsequent marine
transgression due to thermal subsidence deposited terrestrial and marine sediments over much of the
basin reaching its peak in the Aptian. Continued sediment burial and compaction caused thermogenic
gas generation in the source rocks of the basin. By late Cretaceous, compressional tectonic activity
returned and a period of uplift stopped gas generation, caused fluvial-lacustrine sedimentation to
cease in the Albian, and created overall basinal flexure and some reactivation along pre-existing
underlying faults. A number of tectonic events in the Tertiary have also had some influence on the
Surat Basin. The first was the compressional event that led to the opening of the Coral Sea during the
Palaeocene. This was followed by another compressional phase during the Oligocene to Miocene.
Most of this is manifested in the subsurface as fault reactivation and some associated gentle folding.
Since that time, the dominant force on these sediments has been erosion.
3.1. Surat Basin Stratigraphy
The Surat Basin contains up to 2500 meters of Jurassic to Cretaceous aged sediments. Over the
Queensland Curtis Liquefied Natural Gas (QCLNG) project area, these sediments were deposited in
a dominantly fluvial environment within three large-scale fining upward sequences. Sequence 1, at
the base of the Surat Basin, consists of the Precipice Sandstone transitioning up to the top of the
Evergreen Formation. The Hutton Sandstone forms the base of sequence 2, transitioning to the top of
the Walloon Subgroup. Sequence 3 is the Springbok Sandstone transitioning to the top of the
Westbourne Formation. The Jurassic formations have potential petroleum source, reservoir and
seals. This study involves parts of sequences 2 and 3 focussing on the Eurombah Formation, Walloon
Subgroup and Springbok Sandstone. A stratigraphic column of the Surat Basin is provided (Figure 1).
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The depositional environment guides lateral extent and hydrodynamic connectivity between
lithologies, both coal and non-coal. The Surat Basin sequences contain both high and low energy
fluvial depositional systems. Low energy environments are dominated by high sinuosity meandering
fluvial systems which contain high percentages of organic material, mudstone and variable grain size
in sandstones and siltstones. Preserved channel sandstones in low energy depositional systems are
generally stratigraphically isolated, while high energy brained environments are generally well
preserved and can be regionally widespread. High rates of groundwater flow are anticipated to be
more likely in high energy depositional systems.
In the following sedimentology descriptions, it is important to understand net sandstone to gross
sediment (net to gross) thickness of formations and its distribution. A high net to gross section can
have high effective porosity and potentially have a high degree of permeability. Connectivity of the
system could also be considered high. A low net to gross section will increase tortuosity in the system
and reduce vertical and lateral connectivity of fluids. In the older Jurassic sequence 1 containing the
Precipice Sandstone, there is high net to gross and higher chance of connectivity. The net to gross,
effective porosity and permeability, and chance of connectivity significantly decreases in sequence 2
and 3 in the Hutton Sandstone, Walloon Subgroup and Springbok Sandstone.
The Middle Jurassic Walloon Subgroup is a sequence within of the Injune Creek Group (Exon, 1976).
A number of authors over the last 40 years have described the regional geology, nomenclature and
subsequent revisions to the nomenclature of the Injune Creek Group and adjacent geological units.
These include Swarbrick et al (1973), Jones and Patrick (1981), Green et al (1997), Scott et al (2004)
and Day et al (2006). As per the subdivisions of Green et al (1997) and Day et al (2006), the Injune
Creek Group comprises the Eurombah/Durabilla Formation, Walloon Subgroup, Springbok Sandstone
and Westbourne Formation. The Walloon Subgroup generally thickens eastward and northward
across the Surat Basin, such that the thickness along the northern and eastern margins of the basin is
approximately 350 meters. However, thickening of the Walloon Subgroup section in excess of 500m
occurs in the north of the basin along the axis of the Mimosa Syncline. The Walloon Subgroup
comprises four packages, which in stratigraphic order are the Eurombah, Taroom Coal Measures,
Tangalooma Sandstone and Juandah Coal Measures.
The basal unit of the Injune Creek Croup and Walloon Subgroup is the Eurombah/Durabilla
Formation. It is the opinion of QGC that the Durabilla and Eurombah are one unit and a subdivision is
not warranted (Ryan et al. 2012). The Eurombah Formation is a distinct sandstone unit capped with
the Durabilla Formation of fining upward character grading from interbedded sandstone, siltstone,
mudstone and rare thin coaly and carbonaceous shale bands. The Eurombah Formation will
encompass the two units as one. Sandstones display distinct heterogeneity, are fine to coarse
grained, exhibit poor to good sorting and contain porous streaks occurring randomly in the vertical
section thus a low net to gross is observed. The Eurombah interval is 60 to 150 meters thick,
regionally continuous, and lithologically distinct to the overlying Taroom and Juandah Coal Measures
by the absence of significant coal (Scott et al, 2004). Green at al (1997) includes the Eurombah
Formation as part of the Walloon Subgroup and describes it as labile with andesitic detritus. The
depositional environment for the Eurombah Formation is considered to be a low energy fluvial system
with episodic influxes of rapid sedimentation (Green et al. 1997). The Eurombah Formation is
conformable with the underlying Hutton Sandstone and overlying Taroom Coal Measures. It is largely
devoid of coal and can be readily distinguished in wireline logs from the underlying Hutton Sandstone
by a relatively higher gamma ray response and lower resistivity.
The Taroom Coal Measures are the deepest coal bearing formation in the Walloon Subgroup. This
unit is regionally widespread across the Surat Basin and is conformable with the overlying
Tangalooma Sandstone and underlying Eurombah Formation. The lithology of the Taroom Coal
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Measures is laterally and vertically heterogeneous, consisting of mudstone, siltstone, sandstone and
multiple coal seam packages. Sandstones vary in thickness and are not regionally correlatable, are
generally fine grained and are moderately to well sorted. Core analysis and dynamic downhole testing
in these sandstones generally show low effective porosity and permeability and supports a low net to
gross. The coals within the Taroom Coal Measures can have thick plies coalescing into 1 – 1.2 meter
seams which has been observed in some areas of the southern Surat Basin. These thicker coal
seams are considered to be sub-regionally continuous. The top of the Taroom Coal Measures is
generally defined on well logs as the top of a correlatable coal bearing package (referred to in the
literature as the Auburn Coal Seam). This is also marked by the base of the sandstone-dominated
Tangalooma Sandstone.
The Tangalooma Sandstone overlies the Taroom Coal Measures and varies in thickness from 10 to
100 meters across the region. The sandstone is very fine to medium grained with an argillaceous
matrix of lithics and volcanic material. The unit exhibits a strong decrease in coal quantity and
thickness towards the northern Surat Basin. The top of the Tangalooma Sandstone is defined on well
logs as the top of a clay-rich sandstone sequence, usually three to four major packages of stacked
heterolithic channel sequences showing a characteristically low gamma ray log. Core analysis and
dynamic downhole testing indicates low effective porosity and low fluid mobilities.
The Juandah Coal Measures are conformable with the underlying Tangalooma Sandstone. They are
lithologically very similar to the Taroom Coal Measures with mudstones, coals, sandstones and
siltstones dispersed throughout the section. The lithology of the Lower Juandah Coal Measures is
considered to be regionally consistent with thin (<30cm), discontinuous coal plies interbedded with
mudstones and sandstones of similar thicknesses. These coals lack the lateral extent of the Upper
Juandah and Taroom Coal Measures. The top of the Lower Juandah Coal Measures is defined on
petrophysical logs as the base of regionally consistent argillaceous sandstone (known locally as the
Wambo Sand). The lithology of the Upper Juandah Coal Measures is primarily coal-rich with
interburden composed of heterolithic sandstones, siltstones and shales. Core analysis and dynamic
downhole testing in these sandstones show low effective porosity and permeability. The relatively
thicker nature of the upper-most coal seam is characteristic of this section, with the Upper and Lower
Macalister seams featuring prominent thicknesses throughout most of the Surat Basin. The Upper
Macalister is generally comprised of coals up to 2 meters thick and is eroded in the Northern Surat
Basin near the subcrop of the Walloon Subgroup. The Juandah Coal Measures have been eroded
into by the overlying Springbok Sandstone, creating variable thicknesses of the coal zones. There is
a general thickening of the Juandah Coal Measures towards the north due to a decrease in
Springbok Sandstone erosion. The top of the Walloon Subgroup is unconformable and is defined on
well logs and sedimentology logs as the transition between coal-bearing, high gamma ray shales of
the Walloon Subgroup to lower gamma ray siltstones and sandstones of the Springbok Sandstone.
Oxidized channel lag clasts and rip up clasts, if they are present, are used to define the
unconformity.
Mid-Late Jurassic Springbok sandstone unconformably overlies the Walloon Subgroup. It is
generally lithologically heterogeneous with feldspathic and volcanolithic sandstones, interbedded
carbonaceous siltstones, interbedded mudstone, tuffs, and occasional thin coals. The sandstones
have a low net to gross displaying an overall fining upward character, are dominantly fine to coarse
grained and commonly found with calcareous cement (calcite) and clay. Clays and clay matrix are
common in the Springbok Sandstone section and likely form as a result from diagenesis of
feldspathic grains from a volcanic source. The thickness of the Springbok Sandstone typically
ranges between 50 to 150 meters, with some syn-depositional thickening in the Mimosa Syncline.
The depositional environment is believed to have been a low energy fluvial system with gradual
infilling of overbank and mire sediments as accommodation decreased. Sediment sources differ with
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volcanolithics and feldspathic-rich sediments from the north and east and quartz rich sediments from
the south (Green et al. 1997).
The Late Jurassic Westbourne Formation is conformable with the underlying Springbok Sandstone.
It comprises interbedded shales, siltstones, and rare very fine grained sandstones. Sandstones in
the section have similar mineralogy to the Springbok Sandstone and could be deposition-source
related. The thickness of the Westbourne Formation increases to the east up to 200 meters. This
formation is interpreted to have been deposited in a lacustrine environment with fluvial-deltaic
influences.
4. WALLOON SUBGROUP SEDIMENTOLOGY
The coal in the Juandah and Taroom Coal Measures is not present as laterally continuous seams or
layers, rather, it is distributed as numerous, thin, disconnected coal plies in a matrix of generally low
permeability sediments. The coal seams comprise of approximately 10% of the gross Walloon
Subgroup thickness and include up to 45 laterally discontinuous individual coal seams of varying
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Figure 1: Surat Basin stratigraphic column (Ryan et al. 2012).

thicknesses and highly variable permeabilities. Coals are interbedded with shales, siltstones,
argillaceous/feldspathic/lithic rich sandstones and mudstones. At the wellbore, field and basin scale,
particularly in regards to vertical connectivity, the vertical hydraulic conductivity of the Walloon
Subgroup is dictated by these dominant low permeability layers.
4.1. Sedimentological Analysis
Throughout the course of 2009 to 2011 several coal seam gas core wells were sedimentologically
logged and described in significant detail. Critical to developing a thorough understanding of the
subsurface and improving the geological understanding of the lateral and vertical connectivity of coals
and surrounding geological formations, these studies focussed on characterisation of the Springbok
Sandstone, Walloon Subgroup and Eurombah Formation.
Four main depositional facies associations were recognised throughout the section: channel (primary
/ minor), overbank, standing water/swamp/mire and volcanic extrusives. These facies include lithic
sandstones, siltstones, mudstones, coal and tuffs, variably dispersed throughout the Walloon
Subgroup sedimentary section.
Deposition of sediments occurred in a non-marine, somewhat consistently waterlogged alluvial plain
with indentified system elements including a series of active and abandoned channels, bodies of
standing water representing both flooded overbank and floodplain lakes, and semi-isolated peat
mires. The repetitive nature of depositional facies indicates scale, heterogeneity and apparent
cyclicity of the system. The following discourse highlights the variability of respective geological
formations with supporting petrophysical, sedimentological and photographic logs.

4.2. Springbok Sandstone
The Springbok Sandstone unconformably overlies the Walloon Subgroup and is defined as an aquifer
within the Great Artesian Basin. The interval is widely known to contain heterogeneous strata
indicating periods of lower energy allowing development of overbank, floodplain and swamp facies
(Figure 2).
Channel facies are indicative of high energy environments and containing coarser grained material,
channel lag clasts and rip-up clasts and often appear fairly massive (Figure 3). Channelling within the
Springbok Sandstone is mainly comprised of stacked channels. This highlights the periodic deposition
of interspersed overbank and floodplain lithologies (Figure 4) in periods of low energy which are then
incised and eroded by overlying channel bodies.
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Figure 2: Low energy, overbank deposits within the Springbok Sandstone (photography
orientation: Top: left to base: right).
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Figure 3: Stacked channel facies within Springbok Sandstone (photography orientation: Top:
left to base: right).
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Figure 4: Sedimentology and petrophysical logs showing interplay between overbank and
channel facies within the Springbok Sandstone (photography orientation: Top: right to base
left).
The contact between the Springbok and Walloon Subgroup shows a stark contrast between a low
energy Walloon Subgroup overbank and the high energy, erosive character of a Springbok Sandstone
channel system. The far right column in Figure 5 shows small amounts of clay within the matrix of the
overlying sands, which together with poorly sorted sand grains and channel lag debris significantly
reduce internal porosity.
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Figure 5: Base Springbok Sandstone and Top Walloon Subgroup contact (photography
orientation: Top right to base left).
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4.3. Walloon Subgroup
The Walloon Subgroup is characterised as a heterogeneous section comprised of fluvial-lacustrine
sediments. Vertical variability of the strata is evident throughout with discontinuous coal plies, braided
and meandering river systems, and inter-fingering overbank and floodplain sediments (Figure 6).

Figure 6: Sedimentological logs and core photography exemplifying complex interplay of
fluvial-lacustrine facies throughout the Walloon Subgroup (photography orientation: Top right
to base left).
Depositional architecture varies throughout section and is based on climate, environmental controls
and varying terrains leading to variations in accommodation space and sediment supply. Facies
observed within the Walloon Subgroup vary laterally and vertically throughout the succession and
appears to have very high complexity. As a result, much of current understanding regarding
depositional environment and distribution of facies across the Surat Basin is based around modern
day analogues such as the Cumberland marshes in Saskatchewan, Canada (Figure 7). Illustrative
models depict a generally water-logged alluvial plain setting that experiences fluctuations in water
supply. Consequently this impacts fluvial geometries, namely presence and positioning of active and
abandoned channels, lakes, standing bodies of water and mires across the flood plain.
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Figure 7: Modern day analogue for Surat Basin, Cumberland, Saskatchewan, Canada.
Two key classes characterising sandstone architecture are braided and meandering river systems.
Braided river systems are complex and form where minimal stream gradients and fluctuations in water
discharge exist within a basin. Flooding significantly impacts channel formation and positioning mainly
due to the destabilisation of the floodplain bank. As depicted in Figure 8, these systems consist of an
amalgamation of deposited sediment often called braid bars and can range in diameter anywhere
from metres to ten’s of kilometres. Identification and correlation of markers can be difficult due to the
complexity and highly variable nature of facies deposited across the alluvial plain. This environment is
evidenced within the sedimentology log in Figure 9.

Figure 8: Models showing braided (left) and meandering (right) river systems.
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Figure 9: Tangalooma Sandstone showing near massive, traction-dominated compound
channel sand bodies similar to those found in large braided channel systems
Meander river systems occur in discrete, confined bodies across alluvial plains with shallow gradients.
They exhibit sinuous morphology, defined levees and lateral accretion surfaces as migration across
the plain occurs. Where major channels occur within the Walloon Subgroup, these are interpreted to
be meandering channels with significant sediment base-flow and episodic high energy flood events
(exemplified in Figure 10).

Figure 10: Typical fluvial channel bodies within the Juandah Coal Measures
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4.4. Eurombah Formation
The Eurombah Formation is similar in depositional character as the overlying Walloon Subgroup. This
basal unit separates the Walloon Subgroup from the underlying Hutton Sandstone and is described
as an interbedded sandstone and mudstone unit (generally maintaining a thickness of 60 – 150m
across the basin) lacking significant coal development (Figure 11). Some coal and carbonaceous
lithologies are still present; however occur in very thin, poorly developed packages.
Observations in core express
exhibiting an overall increase in
regionally extensive package is
gas producing intervals within
Sandstone.

a distinct change in colouring and “cleanliness” with lithologies
clay content, frequency of sideritised horizons and bioturbation. This
important in CSG production due to its role as an aquitard between
the Walloon Subgroup and underlying aquifers within the Hutton

Figure 11: Sedimentological log and core photography of Eurombah Formation. Displays high
clay content, variable smectite content ranging from lo to very hi, and dominantly low energy
environments with occasional minor channel facies (photography orientation: Top left to base
right).
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5. WALLOON SUBGROUP PETROLOGY ANALYSIS
Recent petrographic analyses carried out on coal seams and inter-burden samples within the Walloon
Subgroup, determined the mineralogy of selected lithologies. Methods included X-ray diffraction,
scanning electron microscopy and energy dispersive spectroscopy. Results showed coal cleats to be
filled with detrital clays (authigenic kaolinite and smectite) and calcite. Some samples showed traces
of illite, which becomes highly smectitic, occurring as mixed-layer illite and smectite. Tuffaceous
strata are heavily dominated by smectitic clays, again occurring as mixed-layer illite and smectite as
well as containing traces of kaolinite. Lithologies containing significant quantities of smectite are
highly sensitive to freshwater and variations in formation water salinity. Mudstone sample results from
core analysis indicated high proportions of expandable mixed-layer illite and smectite (Figure 12).
Consequentially, this leads to increased salinity sensitivities, as previously outlined.
Though limited, sandstone petrography samples showed varying proportions of quartz, plagioclase,
kaolinite, illite/mica, mixed-layer illite/smectite, chlorite and calcite. As seen in Figure 13, sandstones
exhibit very limited intergranular porosity, largely due to extensive pore filling by authigenic clays,
compaction and other ductile components. Sandstone samples contained large amounts of reworked
volcanogenic material, thus increasing their susceptibility to authigenic clay formation and sensitivity
to water salinity fluctuations.

Quartz
23%

Quartz
K‐feldspar
Plagioclase total

Total I+S (illite+smectite)
26%

Ca‐Plag
Na‐Plag
Ca‐Plag/Na‐Plag
K‐feldspar
4%

Calcite
Siderite
Dolomite

Chlorite
4%

Plagioclase total
8%

Pyrite
OrgMatter *
Kaolinite
Chlorite
Total I+S (illite+smectite)

Kaolinite
16%
OrgMatter
Siderite
*
4%
5%
Pyrite
0%

Dolomite
0%

Calcite
0%

Na‐Plag
7%

Ca‐Plag
3%

Ca‐Plag/Na‐
Plag
0%

Figure 12: Mineralogy of the Walloon Subgroup. Dominantly 52% clay components.
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Figure 13: Petrographic thin section sample highlights dominant clay and ductile material
components within sandstone.

18 of 38

6. WALLOON SUBGROUP CORE ANALYSIS
Core analysis of the interburden in the Walloon Subgroup is relatively limited. Most historical core
analysis has been collected from the west side of the Surat Basin on the Roma shelf. QGC has
completed Routine Core Analysis (RCA) on siltstones and sandstones but this has been limited in
quantity and restricted to lab equipment capabilities. Special core analysis of matrix permeability has
also been completed on mudstones by monitoring pressure decay as defined in the “Advances in
Shale Analyses Report, D.L. Luffel, 1993. The RCA data has defined relationships of porosity and
permeability in the Walloon Subgroup interburden (Figure 14 and Figure 15). Porosities have been
overburden adjusted with measurements taken at various pressures. Horizontal permeability range
from 0.015mD (millidarcies) up to 100mD (0.000015 m/d (metres/day) to 0.1 m/d) with most points
clustered less than 0.5mD (0.0005 m/d). Vertical permeability ranges from 0.000015 m/d up to 0.07
m/d with most points less than 0.0001 m/d. As a comparison, conventional, normally pressured gas
reservoirs need greater than approximately 1 mD (0.001 m/d) to have any fluid flow (Aquilera 2010a).
This comparison gives indication of the low prospectivity of Walloon Subgroup interburden for gas
yield and limited appreciable water flow capability. Very low permeabilities in the Walloon Subgroup
are associated with a mudstone/carbonaceous shale lithology (Figure 16). These mudstones are
thinly bedded within the coals of the system and are found regionally. Overall, the core data suggests
low permeability in the Walloon Subgroup and supports vertical and lateral lithological variation
dictated by the stratigraphy and sedimentology.
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Figure 14: RCA of Walloon Subgroup Interburden: Horizontal Permeability (mD) vs Porosity
(%): Note: 1mD=0.001 metres/day.
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QGC Tenement Core Vertical Permeability vs Porosity
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Figure 15: RCA of Walloon Subgroup Interburden Vertical Permeability (mD) vs Porosity (%):
Note: 1mD=0.001 metres/day.
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Figure 16: Core Permeability (mD) vs. Porosity (%) of units within the Walloon Subgroup: Note:
1mD=0.001 metres/day
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Capillary pressure data of the Walloon Subgroup interburden is available from cored wells on QGC
tenements. Table 1 shows an example of this data. The use of an appropriate capillary pressure
model can enable the characterisation of tight facies in reservoirs by measuring the threshold entry
pressure and the classifying the pore system (Calvert, 2011). By classifying rock types, the
distribution of fluid flow can be derived. In example, Sample 2 is at the top of the Walloon Subgroup
sequence and is considered the top-most shale in this particular well. Threshold pressures of air mercury in this sample is 1837psi (pounds per square inch), which means a fluid pressure of 1837 psi
is required to move any fluid through the shale. By taking the threshold pressure and considering this
as a gas density system at reservoir pressures, to move gas through the shale would require a
threshold pressure of 360psi, over and above the reservoir pressure. The interval pressure as
measured from Drill Stem Tests (DSTs) is normally pressured at 448psi, thereby indicating that in
order for gas to enter the shale pores, a pressure of more than 808psi (360psi+408psi) is required.
This is nearly double the reservoir pressure which is not geologically possible in the normally
pressured Surat Basin. Therefore, as water is a larger molecule than gas, a substantially larger
reservoir pressure would be required to breach the shale porosity and induce connectivity. In this
particular example, mobility of both gas and water, and hence connectivity through the shale into
adjacent lithologies would not be possible under current basin and reservoir conditions.

Sample
Number

2
16
25
27
33
39
49
57
61
64
67
75
78

Permeability Pore
Depth Porosity
to Air
Radius
(metres) (percent)
(mD)
(µm)
310.15m
336.43m
364.77m
370.19m
397.15m
420.17m
450.22m
475.05m
490.10m
500.13m
510.10m
530.42m
545.22m

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

0.072
0.018
0.095
0.023
0.492
0.016
0.037
0.279
0.017
0.028
0.849
0.028
0.119
Table 1
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Entry
Pressure
(psi)
1478
5913
1120
4627
216
6652
2876
381
6261
3801
125
3801
894

Air-Mercury
Displacement
Pressure
(psi)
1582
6236
1522
5212
232
7755
3272
417
7032
3898
134
4110
987

Threshold
Pressure
(psi)
1837
6964
1884
5731
335
8961
3634
518
7985
4276
164
4886
1126

7. DYNAMIC TESTING
Walloon Subgroup Interburden and Springbok Sandstone
Dynamic testing of the Walloon Subgroup interburden has been completed on 7 wells across the
QGC tenements. The tests were done with DSTs and Repeat Formation Testers (RFTs). DSTs are
packer tools and take measurements of fluid and pressure over an interval. RFT is a point
measurement taking pressure measurements. Pressure drawdown and build-ups are analyzed with
Pressure Transient Analysis (PTA) to derive formation permeability. The results permeability tests on
sandstones and siltstones are shown in Figure 17. The graph shows low permeabilities (< 2mD) with
a large number of zero permeabilities. The results support the low permeability core analysis results
in Section 6 and indicate the Walloon Subgroup sandstones are very clay rich and impede fluid flow.

Walloon Non Coal Reservoir Test Permeability vs Depth
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Figure 17: Walloon Subgroup interburden dynamic downhole tests.
DST and MFT (Compact Formation Pressure Tester) tests of the Springbok Sandstone were
conducted. The MFT tool is a point measurement tool for pressure measurements and is analyzed
with PTA. Permeabilities of the Springbok Sandstone range vertically and laterally across the
tenements from 0.1mD to 300mD (0.0001m/d to 0.3m/d). The variation of permeability supports the
sedimentology variations observed in the Springbok Sandstone.

8. SURAT BASIN STRUCTURE, FAULTING AND FRACTURING
Understanding the history, nature and scale of the structural features in the Surat Basin allows
context for the propensity for vertical fluid migration. In terms of connectivity, three scales of structure
are discussed; regional (>75km2), CSG (Coal Seam Gas) field and (<75km2), and pilot scale
(<1km2) to wellbore scale. Regional fault and fold features are important from a hydrocarbon timing
and migration standpoint. Dominant hydrocarbon maturation and migration out of the basin ceased
during the Late Cretaceous uplift though hydrocarbons can sometimes be found trapped near Late
Cretaceous reactivated Permo-Triassic fault related structures (Moonie Field, Roma Shelf fields)
(Cadman and Pain 1998). Post uplift, localized structural features were formed from a younger
compressional event, however major fluid migration out of the basin did not occur consequently not
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allowing fluid movement to equalize regionally and the basin to normalize pressure. Each of the field
areas contain structures and faults which influence coal permeability distributions.
At the wellbore, multiple factors are important for determining whether a fault or fracture can be open
at depth. Clay emplacement in fault zones, fracture mineralization, lithology within coal and
interburden, type of fractures and faulting occurring proximal to structural features, and effective
stress relationships. In the Surat Basin there is a distinct reduction in open fractures with increase
with depth and overburden effective stress. High amounts of clays and mineralization are observed in
coal seam cleats thus reducing fracture openness.
8.1. Regional Structural Geology
The Surat Basin overlies two distinct geological sequences/terranes which contribute to the present
structural style of faults and folds. Throughout the central depocentre (Mimosa Syncline), the basin
overlies sediments of the Permo-Triassic Bowen Basin, whereas on the basin margins, the Surat
sequence overlies crystalline basement. Basement comprises Early Devonian to Late Carboniferous
convergent margin orogenic complexes known as the Central West and New England Fold Belts.
The area of the Surat Basin overlain by the QGC permits is bounded to the east by Kumbarilla
Ridge, to the north by the outcrop limit of the Surat Basin and to the west by the Roma Shelf (Figure
18). The structure of the basin’s margins are characterised by a number of significant anticlinal and
synclinal structures. These structures are largely controlled by deep basement derived faulting
including the underlying Triassic thrust faults system, the Moonie-Goondiwindi Thrust, the BurungaLeichhardt Thrust and also the Hutton-Wallumbilla Fault in the west. The major structures within the
area of interest include Undulla Nose, Kogan Nose, Trelinga Anticline and Comet Ridge (Figure 19).
The relief on these structures was created by reactivation of Triassic and basement structures
throughout Late Cretaceous–Miocene compressional events (Figure 20). The Mimosa syncline is
found over the central area of the Surat and is a reflection of the Permo-Triassic Taroom Trough of
the Bowen Basin. Large scale and small scale fold and fault features can be identified with 2-D
seismic however the full extents cannot be mapped with complete accuracy due to the paucity and
quality of the seismic data available. Where available seismic data of sufficient quality exists,
primarily within QGC tenements, observations indicate that the distribution density and vertical
displacement of fault features is low. The largest fault throws observed within the Walloon Subgroup
is approximately 50 metres. There are a variety of fold features found across the tenements at
various scales and regional extent. Folds are low angle and due to compaction and draping with
some formed from Late Cretaceous compressional reactivation of Triassic aged structures and
faults.
Several major tectonic episodes are responsible for the current configuration of the Surat Basin.
Triassic compressive tectonic stresses originally formed many of the structural features found within
the Bowen basin. Surat basin creation and sag during the Jurassic initiated hydrocarbon maturation
to immature oil phase in the Walloon Subgroup coals. This ceased with uplift of the sequence,
trapping hydrocarbons in the coals and surrounding sediments. During the Late Cretaceous,
Triassic faults were reactivated allowing propagation of some faults into the Surat Basin. Seismic
coverage and resolution poorly constrains deep seated faults and structural features. However, initial
interpretations of fault throw indicate displacement in Jurassic units is low, falling within the range of
zero to few tens of metres (McKillop, M., Dixon, O. & Hodgkinson, J., 2011, Hodgkinson et al.,
2010a). Recent seismic work by QGC has shown basement reactivated faults in the vicinity of the
Central Development area ‘bottom out‘ on the base of the Evergreen formation; thus demonstrating
ductility of clay rich strata such as shale and silt stone. Proximity to Triassic faults can potentially
demonstrate vertical connectivity with the Hutton Sandstone as suggested by results from the
Leichhardt 1 borehole (Cadman and Pain 1998). The Late Cretaceous contraction event caused
folding and uplift of the Surat Basin above the reactivated thrust fault (McKillop, M., Dixon, O. &
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Hodgkinson, J., 2011, Korsch et al., 2009). This is evident across the Undulla Nose and Kogan Nose
structures. Further extension and transpression in the Late Cretaceous to Paleogene has contributed
to fault morphology in the Jurassic section. These fault systems are dominantly normal to strikeslip,
localized to field scales and are not pervasive through the entire Jurassic section.

Figure 18: Regional Structural Geology of the Surat Basin. (Cadman and Pain, 1998).
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Figure 19: Surat Basin regional structure map (Ryan et al. 2012).

Figure 20: BMR84-14 seismic section (Figure 4, Ryan et al. 2012).

8.2. Field Scale Faults
Each of the four QGC development areas (North, Central, South and Western Development Area)
contain distinct field scale structural features which play an important role in Walloon Subgroup coal
measure fracture distribution and connectivity.
8.2.1.Southern Development Area
The Southern Development Area (SDA) is characterised by several structural features including the
large, south-west plunging anticline structure, the Kogan Nose (Figure 19). The structural styles
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observed throughout this area appear to have components of extension, compression, and oblique
dipslip/transpression faulting. The area is underlain predominantly by Carboniferous basement rocks
possibly providing a stable platform and a higher density of faulting comparing to other development
areas. Multiple structural styles may be the product of oblique movement or directly controlled by
reactivation of basement structure. Structures that resemble ‘flower’ structures or that appear to have
components of oblique-slip nucleate from small basement ridges/structures (Figure 21). The overall
trend of the faulting observed is broadly north-south with local variations influenced by these small
basement ridges/structures. The majority however is extensional in nature with throws up to 50
metres considered relatively significant for the Walloon Subgroup; given the thinly layered stratigraphy
this provides baffles and barriers to fluid flow.
The formation of the Kogan Nose (Figure 19) appears to be controlled by uplift and reactivated
basement faulting. The large thrust faults such as the Leichhardt and Burunga faults that occur on
the eastern edge of the Taroom Trough do not appear to exist throughout the area. The edge of a
Permian depocentre delineates the western edge of the Kogan Nose and controls the Jurassic fault
trends along this flank.
Field scale seismic sections are important to understanding density, displacement, extent and causes
of faulting. Figure 22 shows mapped events top Walloon Subgroup (blue), base Taroom Coal
Measures (yellow) and base Precipice (green). Faults may continue up into the overlying Springbok
Sandstone formation however it is clear from the seismic that data quality at shallow depths is limited.
Due to this and limited outcrop availability, it is therefore currently unknown how extensive the fault
density and penetration is in the Springbok, if at all. Separate oblique-slip structures are shown
emanating from deeper basement structures and fault reactivation. Fault displacement is on the order
of subseismic up to 50 metres. Figure 22 is the most prominent which illustrates separate fault
compartments. Regional fault density scale is on the order of a few hundred metres in discrete
locations up to 10’s of kilometres separation.

Figure 21: Kogan Nose seismic line (Figure 12, Ryan et al 2012).
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Figure 22: Field Scale seismic line (Figure 13, Ryan et al. 2012).
8.2.2. Central Development Area
The Central Development Area (CDA) is dominated to the south by the Undulla Nose (Figure 23) and
to the north by a structural ramp feature. To the south of QGC tenements the Undulla Nose is welldefined and controlled at depth by two thrust faults (which do not propagate into the Surat Basin). The
structure opens to the north such that it is observed as a westerly-dipping, faulted ramp feature. Minor
faulting is present throughout the area with most faults appearing to be controlled by deeper
basement structuring (Figure 23). The amplitude of the faulting is low, with maximum fault throws of
approximately 50 metres. Importantly, observed faulting in this area is predominantly extensional.
Hypothesized impacts relating to this are differential subsidence and/or uplift between the deeper
Mimosa Syncline and the more-stable basement ramp to the east. As a result, compaction and
distribution of stresses over the hinge zone may have generated the current series of extensional
faults. The dominance of extensional faulting, structure related low effective stress and the location of
the area along the edge of the structural hinge zone is a dominant factor in the formation of the
fracture network and resultant high coal permeability. Small displacement faults may penetrate the
Springbok Sandstone however as with the South Development Area, limited seismic data at shallow
depths limits any significant understanding regarding extent of fault density and penetration.
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Figure 23: Margin between the deeper Permian depocentre to the west and the basement ramp
going east. Mapped events are top Walloon Subgroup (green), base Taroom Coal Measures
(blue) and base Precipice Sandstone (yellow). Basement controls on Surat basin faulting are
observed.

8.2.3.Northern Development Area
The Northern Development Area (NDA) is characterised by the south-plunging axis of the Mimosa
Syncline (Figures 19 and 20). The northern subcrop limit of the Springbok Sandstone and Walloon
Subgroup occurs throughout QGC’s tenements in this area as a result of Late Cretaceous – Tertiary
tilting. A series of anticlines exist on the eastern flank of the Mimosa Syncline, the Dulacca, Trelinga
and Burunga anticlines. The axis of the Trelinga Anticline is coincident with favourable coal
permeability enhancement over the crest of the structure. The quality of the vintage seismic data in
the shallows of the NDA is particularly poor, as a result, fault identification and mapping is limited in
detail. 2-D seismic results show lower faulting density but similar vertical faulting extent compared to
the CDA and SDA.
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8.2.4.Western Development Area
The Western Development Area (WDA) is flanked to the east by the north-northwest to southsoutheast trending Comet Ridge anticlinal structure (Figure 19). This structure is controlled at depth
by the Hutton-Wallumbilla thrust fault. Seismic data shows that within this area, the HuttonWallumbilla fault delineates the eastern flank of Permian sediments (Figure 24). The current relief and
structural deformation observed in the Surat Basin sediments in this area is due to Mid CretaceousMiocene re-activation of the Hutton-Wallumbilla Fault and subsequent erosion of strata to the north
and east. Interpretation of seismic data suggests that the main thrust fault exists only within the
deeper Permian sediments and basement, and does not propagate into the overlying Walloon
Subgroup. However, the deformation and anticline formation in the Surat Basin strata has formed
smaller scale extensional faulting, producing crestal collapse features. No thinning of the basal Surat
Basin unit, the Precipice Sandstone, or other Jurassic units, is observed which would suggest that the
Comet Ridge was not a dominant syndepositional feature. It is difficult to comment on the fault
spacing density and vertical extent as the quality of data is poor and has limited suitability.

Figure 24: 86-D22 seismic line. Hutton-Wallumbilla thrust fault with derived crustal extensional
faulting through the Walloon Subgroup. Mapped events are top Walloon Subgroup (green),
base Taroom Coal Measures (blue) and base Precipice Sandstone (yellow).
8.3. Fault Seal Analysis
Fault seal work has been completed by QGC to understand sealing capabilities of faults. Shale
Gouge Ratio (SGR) is a mathematical algorithm that aims to predict the fault rock types for simple
fault zones developed in sedimentary sequences dominated by sandstones and shales. The analysis
used at QGC was developed by Badleys GeoScience Limited. At any point on a fault surface, the
SGR is equal to the net shale content of the rocks that have slipped past that point. Due to the high
percentage of volcanolithic derived clay content in the Walloon Subgroup, it is assumed the net shale
derived from petrophysical gamma ray logs is equitable to the net clay of the system. Log calibration
with rock mineralogy data supports the relationship. The SGR algorithm assumes complete mixing of
the wall-rock components in any particular fault throw interval. The parameter is an indicative
measure of the upscaled clay composition of the fault zone. Figure 25 is an example of this work.
Walloon Subgroup lithostratigraphic zones are on Y axis and shown as increased depth downwards.
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Figure 25: Shale Gouge ratios suggest seismically resolvable faults are sealing.
The X axis is the estimated fault throw of the model. The example suggests at less than 10m fault
throw, the evaluation shows likely to seal to likely to leak within thin zones of clay poor sandstones.
However as discussed in the sedimentology section, these sandstones are not regionally continuous
or vertically extensive, and it is rare to find extensive clay poor sandstones in the Walloon Subgroup.
Consequently, potential leakage will be restricted to thin localized intervals. At greater than 10 metres
fault throw the fault is very likely to seal even with relatively thin zones of clay poor sandstone. At 40
metres fault throw, there is indication that the faults are very likely to seal.
Fault seal is supported with actual production fluid rate monitoring across a 40 metre fault throw
(Figure 26. Three CSG wells (Well X, Y, Z) are equidistant 900 metres apart with a fault between
Wells Y and Z. Well X fluid data is indicated by the orange lines. Well Y fluid data is indicated by the
green lines. Production well Z (red dot) was subjected to production shut-in (gas and water
production is stopped) and production Wells X (orange dot) and Y (green dot) are monitored. Figure
26 shows Well Y, across the fault, did not show any production communication whereas Well X
indicated a change of water rate. The lack of communication between wells during production
indicates dislocation of the coal reservoirs by the fault (blue line on inset map) and full sealing of the
fault to both water and gas fluids.
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Figure 26: Field production plot across 40 metre fault throw.
8.4. Reservoir Pressure Effects and Faulting
The Walloon Subgroup is normally pressured throughout the eastern Surat Basin. DST collated on
QGC tenements supports a normal pressure gradient of the Walloon Subgroup. Slight scattering of
pressure points may indicate localized natural depressuring of the Walloon Subgroup occurring near
subcrop zones. There is no regional depressurization of the Walloon Subgroup and hence supports
a low vertical and lateral connectivity concept.
8.5. Wellbore Scale Fractures
QGC has completed studies including cleat/coal fracture identification and orientation on CSG wells
with acoustic scanner and compact image logs. The study identified the main cleat/coal fracture
orientation is vertical/near vertical (Figure 27). The features are picked on the image log and
interpreted as open fractures, partially open fractures, filled fractures and faults. All image derived
fractures are considered to be filled with drilling mud in order to view them therefore there is some
uncertainty associated with direct visualization.
Image log fractures are almost entirely observed to be constrained within the coal seams indicating
limited vertical extent of coal fractures and ductility of interburden. Non-coal fractures and faults are a
rare occurrence in the studies and are found to be randomly scattered throughout the Walloon
Subgroup at various depths and dip angles. Throughout the shallow tenements the cleat/coal fracture
orientation is clearly defined as having multiple strikes. This may indicate a dual (face and butt) cleat
system, a fracture variation due to localized structural features overprinting cleat/fracture
development, or post-depositional tectonic fractures. This area has high coal permeability hence with
a dual cleat system, it is expected that uniform lateral and vertical connectivity within individual coal
seams around a well bore will occur. With an increase in depth and lower permeability, a dominant
and clearly defined cleat orientation occurs. The lower permeability coal in these areas suggests the
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unidirectional cleat system, and less fracture count, results in a limited lateral and vertical connectivity
within individual coal seams.
Field work was completed in 2009 and 2011 on the Upper Juandah Coal Measures (Macalister Seam)
outcrop in the Kogan Creek mine north of the David field. The purpose was to ground truth coal
fractures in image log interpretation. While limited outcrops are available, the work was successful in
showing coherence in subsurface and outcrop observations. In outcrop, well developed face
(dominant) cleat networks are dominantly perpendicular to bedding and occurring on a semi regular
spacing of 2cm up to 10cm. Larger 30cm cleat sets are also present but not common. Changes in
coal lithotype appear to alter master cleat orientation and increase density. Minor cleating observed is
higher density spacing (1cm), confined to vitrain coal layers, and displays a defined butt cleat (Figure
27). Calcite mineralization of all cleats is common but not pervasive in all cleats (Figure 28). Large
cleat/fracture sets terminate abruptly in adjacent non-coal lithologies of mudstone, sandstone, and
siltstone (Figure 29). Stress concentrated at faults due to minor inflections and area imbalance can
change fracture character (Figure 30). This can be due to varying ductility of interburden materials
and relationship of locking layers or flexural slip. As well localized strain distribution around faults is
potentially causing fracture variability changes generated by regional scale wavelength
folding/warping of coal layers. Outcrop examples indicate fault location, throw characteristics, and
orientation exerts an important control over the type and intensity of coal and non coal fractures
present.

Figure 27: Cleat network (Macalister Seam) as observed at Kogan Creek mine.
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Figure 28: Cleat/coal fractures as observed in the Macalister Coal Seam (Kogan Creek mine).

Figure 29: Cleat/coal fractures, Macalister Seam, Kogan Creek mine.
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Figure 30: Coal outcrop example where an increase in fracture intensity in coals due to stress
concentration adjacent to faults.
Fractures are controlled by coal lithology and are restricted to coal seams without propagation into
adjacent carbonaceous mudstones, siltstones, and sandstones. Large structural features such as
those on the scale of the Undulla Nose, as well as localized fault blocks, have altered the coal fracture
orientation and most likely the local stress orientation to provide shear and extensional fracturing.
Fluid connectivity will vary depending on the fracture orientation and stress imposed on the fractures.
Coal fracture conductivity, and hence fluid flow connectivity, depends on degree of fracture
mineralization, lithology of coal and interburden, the type of fracturing occurring near to certain
structural features, and effective stress relationships.
8.6. Coal Permeability Trends with Depth
A well established understanding in most existing CSG producing basins is that coal permeability
decreases with depth. The permeability effect is exponential, leading to coals contributing negligible
water or gas production at depths greater than ~ 1200 metres. There are very few basins with CSG
production at deep depths due to uneconomic yields of gas and water achieved with low
permeabilities. Many publications have examples of basins with this effect and illustrate a crossplot of
permeability effects with increase of depth and effective stress (Figure 31).
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Figure 31: McKee et al. 1986, Using Permeability vs Depth Correlations to Assess the Potential
for Producing Gas from Coal Seams.
In the Surat Basin, reduction in permeability with depth is observed in well testing results derived from
DSTs (Figure 32). Significant permeability reduction occurs at approximately 800 metres depth.
Deeper depths show lower to no permeability. Coals with high permeabilities are expected to have
better near well bore connectivity within seams. As permeability decreases, near wellbore inseam
connectivity will decrease. This relationship is important for characterising and modelling hydraulic
conductivities of the Walloon Subgroup across the basin; thereby restricting the high effective bulk
permeability of the Walloon Subgroup CSG system to the shallower basin edges.
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800 m

Figure 32: QGC Surat Basin Walloon Subgroup coal permeability and 800 m Top Walloon
depth relationship (Figure 14, Ryan et al. 2012).
9. CONCLUSIONS
This study proposed to determine effects of sedimentology and geological structure on vertical
connectivity within the Walloon Subgroup and adjacent stratigraphic formations of the Surat Basin.
Data is included from the Walloon Subgroup coal seams and non-coal interburden, Springbok
Sandstone Formation and Eurombah Formation. The Walloon Subgroup interburden has
heterogeneous lithology, highly variable grainsize and relatively high clay contents making tortuous
paths for gas and water molecules to migrate through. At the base of the Walloon Subgroup, the
Eurombah Formation is considered an aquitard due to the high proportion of clay and finely grained
lithologies such as shale, siltstones and mudstones present. The overlying Springbok Sandstone
Formation is considered to be an aquitard interbedded with small aquifer units. The Springbok
Sandstone is a heterogenous system with lateral and vertical lithology changes, grainsize variations,
and variable clay contents which can have baffle effects, impeding fluid movement. Near vertical
faults are found at the regional and field scales which have vertical displacements up to 50 metres
through the coals zones which prevents lateral connectivity between the thinly bedded (<30cm) coal
seams. Faults have generally low population densities and are conceptualized to be fully effective
sealing faults due to high (>50%) clay content of fault affected lithologies. Based on this evidence,
faults in the Walloon Subgroup are not considered to be conduits of fluid migration along and across
deformation zones. Coal fractures are found only in discrete coal seams providing the dominant
permeability of the system. These fractures do not extend into adjacent substrates and are of
variable population density and permeabilities due to intra coal seam sedimentology changes. With
an increase in depth, effective stress decreases fracture aperture and exponentially diminishes fluid
movement. The Walloon Subgroup has a low vertical connectivity due to the interaction of particular
geological characteristics. Hence vertical bulk formation permeability and connectivity within the
Walloon Subgroup and adjacent groundwater systems is low to very low in the Surat Basin coal
seam gas production areas.
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