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EXECUTIVE SUMMARY
In the Surat Basin, the Springbok Sandstone unconformably overlies the Middle Jurassic Walloon
Subgroup. This study aims to geologically characterize the Springbok Sandstone and understand
internal aquifer and aquitard distribution. Reviews of existing literature and previous studies,
together with a variety of wireline well log interpretation techniques were applied to wells spanning
three QCLNG project development areas, North, Central, and South. Subsequently, seven key
surfaces were produced; Top Westbourne Formation, Top Springbok (SPBK), SPBK 20, SPBK 15, SPBK
10, Basal SPBK and Top Walloon Subgroup. The package labelled Basal Springbok defines the low
permeability unit at the base of the formation. This however is not laterally extensive, ranging from
47 m in the south to virtually absent in the Central and Northern development areas. Furthermore,
two significant fining upwards sequences, Upper and Lower Springbok were identified. Similar in
character, these comprise of a channel facies at base, fining upward into siltstone, mudstone, and in
some instances, is capped by coal. The Lower Springbok is interpreted to have been deposited by
braided rivers while the Upper Springbok is believed to have a lower energy depositional
environment akin to fluvial meandering systems. Generated depth structure and isopach maps
highlight an overall thickening of the Springbok to the south. Facies logs were generated, upscaled
and used to model the facies distribution across areas of interest. This was then used to populate
the stochastic porosity model. Channels occurring at the base of zones were given the highest
porosity values while overlying overbank facies were assigned lowest porosity values. The porosity‐
permeability relationship was defined using dynamic data and average porosities over the test
intervals. This relationship was the basis of derived permeability logs and the ensuing permeability
model. Permeabilities ranged from less than 1mD to 300mD with highest values occurring within
basal channel facies. The resultant hydrogeological units defined by this model highlighted the
heterogeneous nature of the Springbok, whereby it comprises a series of interfingering aquifers and
aquitards and is not one homogeneous sandstone aquifer as previously presumed. The interpreted
Basal Springbok unit is defined as an aquitard and therefore acts as a vertical barrier to flow where
present. Laterally extensive mudstones capping sandstone sequences within the Springbok are also
likely to provide a barrier to vertical flow into the overlying Gubberamunda Sandstone.
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1.0 INTRODUCTION
1.1
Objectives
The following objectives were identified and completed to fulfil the scope:









Review of data from existing literature and previous QGC studies;
Wireline well log interpretation;
Geological interpretation of core and outcrop data to establish depositional model;
Generating depth structure and isopach surfaces;
Facies modelling;
Porosity modelling ;
Permeability modelling ; and
The identification of aquifers and aquitards.

2.0 DATASET
The area of interest (AOI) was defined to incorporate the QCLNG project development areas and the
sub‐crop limit of the Walloon Subgroup (Figure 1). In total, 119 wells distributed across the study
area (Figure 2) were used ensuring adequate coverage for geological control. It was necessary to
incorporate wells based on the availability of interpretation logs at the time of study, specifically the
VSHALE (Volume of Shale) and PHIE (Effective Porosity) logs. These logs are crucial for well log
interpretation workflows, facies modelling and property modelling. There were four wells with
available Springbok Sandstone core data; however these were limited to core descriptions and core
photography. At the time of study, there was no core analysis available for the formation within the
AOI. With respect to hydrogeological data, there were 5 wells with drill stem test data, 2 wells with
wireline formation test data and 5 wells with pump test data at various intervals within the
Springbok Sandstone.

3.0 GEOLOGY
3.1
Regional Setting
The Surat Basin is a large intracratonic basin in‐filled with approximately 2,500 metres of sediment.
Three major structural episodes affected the basin as shown in the stratigraphic column (Figure 3).
First was the Triassic compression followed by a period of erosion which resulted in the
peneplanation of the basin and basement rock across Eastern Australia. Following this was a period
of thermal subsidence in which deposition occurred from the Early Jurassic to Early Cretaceous. The
last phase of deformation began with compressional events in the Late Cretaceous resulting in the
basin configuration observed today. Ridgewood 6 (Figure 4) penetrates the interval from the Early
Jurassic Precipice Sandstone to the Late Jurassic Gubberamunda Sandstone and illustrates the log
signature of sediments within the basin. This study focuses on the interval from the Top Walloon
Subgroup to the Top of the Westbourne Formation as indicated on Figure 4.
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3.2
Geological Tops
The sequence from the top Walloon Subgroup to the top Westbourne Formation has been divided
into 6 regionally correlatable packages across the QCLNG project development area (Figure 5). Select
surfaces picked regionally include: Top Westbourne Formation, Top Springbok (SPBK), SPBK 20, SPBK
15, SPBK 10, Basal SPBK and Top Walloon Subgroup.
The Basal SPBK is the youngest component, defined as the base of a clean sandstone unit directly
overlying the Walloon Subgroup and was consistently observed throughout the study area. The
remaining Springbok Sandstone (SPBK 10, SPBK 15 & SPBK 20) picks were defined at the top of fining
upward packages typically characterized by sandstone at the base which fine up into mudstone and
are generally capped by coal. The coal is not always present but where it is, it is defined as the top
of the parasequence otherwise the top of the mudstone unit/base of overlying sandstone is
considered the top of the parasequence. The SPBK 15 marker represents the boundary between two
major fining upwards packages within the Springbok Sandstone, the Lower and Upper Springbok
Sandstones. The Lower Springbok Sandstone is an overall fining upward sequence beginning at the
top of the Basal SPBK; the Upper Springbok Sandstone overlies the Lower and stretches from the
SPBK 15 pick to Top Springbok Sandstone. SPBK 10 is a Lower Springbok intermediate pick which is
characterised by a blocky GR log signature suggesting an amalgamated, stacked channel complex.
The upper section between SPBK 10 and SPBK 15 markers is increasingly interbedded in nature and
is comprised of channels, siltstones and mudstones. Similarly, the SPBK 20 marker is the boundary
between two fining upward parasequences. The lower zone is more prominent whereas the upper is
often very subtle and increasingly heterogeneous. The varying lithology of the Springbok Sandstone
is described further in following sections.
The Top Springbok Sandstone (SPBK) was correlated from a fine scale sector model completed in the
Berwyndale South Field where the top of the Springbok Sandstone was identified as the point at
which the Gamma Ray (GR) decreased from the overlying Westbourne Formation.
The Top Westbourne Formation (WSTBNE) was defined as the point at which the GR shifted from a
high to low value into the overlying Gubberamunda Sandstone.
3.2.1
Channel Type Facies
The following figures are a series of core and outcrop photographs highlighting the variable nature
of the channel complexes within the Springbok Sandstone. Figure 6 is a core photograph of the
Basal Springbok Sandstone in Jen‐1. The photograph shows the channel is massive in nature with no
apparent change in grain size. Within the sequence there are 5 to 20 millimetre sub‐rounded clasts
scattered and there is a sharp contact with the Walloon Subgroup coals.
Figure 7, is taken from SPBK 10 unit in Sean 17M and shows that the channel sequences can be very
coarse grained and in this instance, likely to be highly permeable. Core from SPBK 15 at Kathleen 1
(Figure 8), shows the return to finer grained lithology and evidence of channel lag deposits
throughout.
These three examples may visually differ but are all indicative of a high energy environment
characteristic of channels flowing across an alluvial plain. The series of photographs in Figure 9 and
10 is from an outcrop of lower Springbok Sandstone. Based on a map of sub‐cropping units, this
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road‐cut may be located in the SPBK 10 to SPBK 15 interval, however due to the lack of structural
control in the north it is possible that it is lower in the section below the SPBK 10 marker. At this
outcrop, cross‐beds have been preserved illustrating the channelized nature of the sandstone
(Figure 10). Channel lag is visible at the base of the sequence and upon closer inspection, the
sediments within this appear to be volcanic in nature. The exact mineralogy and origin of these
sediments is currently unknown though samples were taken for further geological studies.
Figure 11 is at a second outcrop site in the Borrowdale Field which is located to the west of the first
road‐cut. This site is within the same section as this first road‐cut however, the cross‐beds at this
site are on a much smaller scale. These examples all highlight the heterogeneity within the
Springbok Sandstone whereby, the sandstone within the same interval differs laterally in
appearance.
3.2.2
Overbank Type Facies
The overbank facies is characterized by dark grey to dark brown, very fine grained sediments. In the
following example taken at Kathleen – 1 (Figure 12), there is evidence of rooting below the coal bed
and fine laminations observed. The character of the mudstone in the core is suggestive of quiet
water, low energy environment as expected of this type of facies in an alluvial plain setting. An
example of an incised channel was observed at the final outcrop site shown in Figure 13. At this
location a coal seam is present and capped by approximately 2 metres of overbank which is in turn
incised by a channel. An example of the log response expected from this is illustrated in Figure 14.
3.3

Conceptual Model

3.3.1
Lower Springbok Sandstone
The lower portion of the Springbok Sandstone is characterized by a blocky log signature suggestive
of amalgamated channels. The development of coals is minimal and there is a low proportion of
mudstone mostly found in the upper part of the lower section. This suggests that the channel
sequences were deposited in a high energy environment which would be associated with braided
system (Figure 15).
An example of what this may have looked like during deposition of the Springbok Sandstone is
shown in Figure 16. This braided system is in Channel Country, Queensland which although
climatically not the same as expected during the time of Springbok Sandstone deposition, visually
represents the size and nature of the system. In this example the channel belt can range from 12 to
15 kilometres wide and as it migrates across the plain, results in the blocky, continuous and
correlatable nature typifying that of the basal sands of the Springbok.
3.3.2
Upper Springbok Sandstone
The Upper Springbok Sandstone is the second major fining upwards phase of deposition. However
this section is more interbedded in nature than the Lower Springbok. The channels are not as
amalgamated and there is an increase in the amount of mudstone and coal in the sequence,
especially in the north. This suggests that the energy of the system has decreased indicating a more
meandering type channel system (Figure 17).
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A modern day analogue of this type of system was identified in Malpas‐Trenton, Queensland (Figure
18). The depositional environment is not completely analogous to what would have occurred during
the time of Springbok Sandstone deposition however, it does give a visual representation of what
the system would have looked like during that time. The channel belt is narrow compared to the
braided system and there is opportunity for the increased development of mudstone and coal within
the sequence contributing to vertical and lateral discontinuity.

4.0 STRUCTURAL MODEL
4.1
Lithostratigraphic Surfaces
The seismic surface available at present is the Top Walloon Subgroup and this was tied to the Top
Walloon Subgroup well pick to update this surface for the model. The thickness of each zone in all
the wells was derived and gridded to generate isopach maps. The Basal Springbok isopach was then
subtracted from the Top Walloon Subgroup surface to derive the Top Basal Springbok surface. This
workflow is illustrated in Figure 19. The process was repeated for each isopach and surface in the
sequence. A horizon was generated for the base of the model which was 50 metres below the Top
Walloon Subgroup surface. The sub‐crop edges were defined as the points at which the horizons
intersected the ground elevation surface. The structure of all the surfaces is similar whereby they
dip to the southwest and outcrop in the northeast. The surfaces outcrop in the Northern
Development Area and as the Springbok becomes shallower in this area, the section is behind
surface casing. This results in difficulties picking the lithostratigraphic surfaces thereby leading to a
lack of structural control.
4.2
Isopach Maps
Figure 20 comprises the isopach maps from the Basal Springbok to the Westbourne. The Basal
Springbok ranges in thickness from 0 to 47 metres with much of the Northern and Central area
exhibiting less than 5 metres thick. The SPBK 10 zone ranges from 13 to 72 metres with the thickest
part of the sequence in the Southern area. The SPBK 15 zone averages between 30 and 40 metres
over much of the area until it begins to thicken up to 121 metres in the Glendower field of the South
Development Area. The SPBK 20 averages approximately 30 to 40 metres over the Northern area
while in the Central and Southern areas it ranges from 60 to 70 metres, reaching up to 95 metres in
the most southern part of the study area. The Springbok isopach ranges from 29 to 83 metres with
the thickest portion in the south. Lastly, the Westbourne begins to thin moving from the Northern
into the Central area. It begins to thicken in northern part of the Southern area but then thins again.
Overall the Springbok package demonstrates a thickening to the south while there is no discernable
trend in the Westbourne package.
4.3
Model Build
Nine horizons (8 zones) were used for the structural model build. These included the base of the
model, Top Walloon Subgroup, Top Basal Springbok, SPBK 10, SPBK 15, SPBK 20, Top Springbok, Top
Westbourne and surface elevation. A 1000 x 1000 metre grid size was used to allow considering the
large extent of the model area (Figure 21). Proportional layering method was used which resulted in
144 layers with an average thickness of approximately 2 metres. The number of 3D cells in the
model is 6,808,780. To quality control the layering process, the VSHALE (Volume of Shale) and PHIE
Characterization of the Springbok Sandstone
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(Effective Porosity) logs are upscaled to the cell dimension and compared to the actual curves
(Figure 22). This process is repeated if necessary until the layering chosen gives a satisfactory
representation of the log curves.
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5.0 FACIES MODEL
5.1
Defining Facies Logs
A three facies model was constructed to include channel, overbank and coal facies. The coal facies
was defined by a density cut‐off of 1.8 g/cc which is a standard cut‐off used within the static models
generated over QGC tenements. The VSHALE curve was used to define the channel and overbank
deposits. The curves were clipped to remove any spikes in the data due to the coal seams. Channels
were defined by a VSHALE of less than 0.40 while overbank deposits were defined by a VSHALE of
greater than 0.40 (Figure 23).
5.2

Model Workflow

5.2.1
Upscaling Well Logs
The well logs were upscaled to the resolution of the 3D model using the “Most Of” method which
averages the facies over the given cell thickness. It is possible for the percentage of facies to be
underestimated or overestimated during the upscaling process. To minimize this effect, the facies
were weighted for each zone to ensure that the upscaled facies proportions honoured the
proportions at the wells (Figure 24).
5.2.2
Facies Modelling
The Sequential Indicator Simulation (SIS) stochastic method was used for the facies modelling using
vertical proportion curves. These curves, as suggested, define the vertical variation within each
zone in the model. Variograms were defined for each facies for each zone based on the likelihood of
connectivity given the depositional environment. Lastly, a smoothing factor was applied to each
zone to remove the artefact of small pods of coal produced by the model. The following table
(Table 1) outlines the variograms and smoothing factors applied to the facies model.
5.3
Model Result
The two major fining upward sequences are represented in the resulting model (Figure 25). The
Basal Springbok as highlighted is not laterally continuous as previously mentioned. Taking a closer
look at the Lower Springbok (SPBK 10 and SPBK 15), the fining upward nature of the sequence is
apparent as well as the heterogeneity within the sequence. The SPBK 10 (Figure 26) is very sandy at
the base of the zone and fines up into mudstone. The model is checked against the upscaled cells
and well logs to ensure that the modelled facies distribution honours the data at the wells. Moving
up the sequence to SPBK 15 (Figure 27) it is seen that the proportion of channel facies decreases.
There is some sandstone at the base of the sequence but overall this zone is comprised of a higher
proportion of overbank facies. Figure 28 shows the series of modelled zones whereby the
heterogeneity between the zones is observed. The SPBK 10 and 20 zones have a higher proportion
of channel facies while the SPBK 15 and upper SPBK zones are more heterogeneous with an
increased proportion of mud. The Basal Springbok generally has a high proportion of overbank
facies and where it exists outside of the Southern area, it is less than 5 metres thick and
discontinuous.
5.3.1
Net Sand
Using the facies model, the net sand within each zone was determined. The series of net sand maps
are presented in Figure 30 beginning with the Basal Springbok interval to the Westbourne interval.
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Where there is sandstone within the Basal Springbok zone, it is generally less than 5 metres however
it can increase to 20 metres in the Southern Area. In the SPBK 10 interval, net sand over much of
the Northern and Central Areas averages around 30 metres while it can increase to greater than 65
metres in the Southern Area. Within SPBK 15 the net sand averages less than 20 metres over much
of the study area and starts to increase in the Southern Area at Glendower. An increase in net sand
begins in the Central Area to 50 metres and this average thickness is maintained over the Southern
Area. The Springbok zone has an average net sand thickness of 20 to 30 metres over the study area.
Lastly, the sand content in the Westbourne is less than 5 metres over much of the area as expected.
There appears to be an increase of sand content in the very southern fields around Glendower
within this zone. Overall there is a general increase of sand in the Southern Development Area in
comparison to the Northern and Central Areas. In summary, the heterogeneity of the Springbok is
illustrated as the sand distribution varies between zones whereby some zones contain significantly
more sand than others. Additionally, there is heterogeneity within zones whereby there is an
uneven distribution of sand with the highest proportion in the south.
5.3.2
Net to Gross Maps
The net to gross (N:G) for each zone was determined at each well and gridded to generate a series of
maps beginning with the Basal Springbok to the Westbourne (Figure 31). The N:G of the Basal
Springbok shows an uneven distribution of sand throughout the study area with indications that
there is 100% net sand in some parts of the Northern and Central Areas. However, it must be noted
that the Basal Springbok is less than or equal to 5 metres in these areas. Within the SPBK 10 zone,
the N:G is the highest in the Northern and Southern Areas indicating a thinning within the Central
Area. Overall the N:G in this zone is relatively high where it is up to 90% in some areas. The N:G of
the SPBK 15 is relatively low suggesting a decrease of sand content compared to the zone below.
Over much of this zone the N:G is 50% or less except in the south where it can increase up to 80%.
Within the SPBK 20 the N:G is fairly high, upwards of 70%, with the exception of a thin area in the
south in the Celeste and Poppy blocks. The N:G within the Springbok has a fairly even distribution of
40 to 60% throughout the interval. The N:G within the Westbourne is relatively low over the study
area as expected. In summary, it is observed that the sand proportion within the SPBK 10 and SPBK
20 zones is relatively higher than the proportion within the remaining zones. This is aligned with the
facies model where the proportion of channel facies is higher in these zones compared to the SPBK
15 and upper SPBK intervals. Within the Basal Springbok, the N:G may appear to be higher when
compared to other zones however, in those areas where the N:G is near or equal to 100, the gross
thickness of this interval is less than 5 metres.
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6.0 POROSITY MODEL
6.1
Model Build
Within the subset of 119 wells used in the study, 99 wells had PHIE logs at the time of the model
build. The PHIE logs were upscaled using the “Random Pick” method. This method picks a point
anywhere within the cell and has a tendency to reduce the smoothing effect seen with other
methods. The resulting property distribution is more likely to be similar to that of the well data. The
Sequential Gaussian Simulation (SGS) stochastic method was applied and conditioned to the Facies
Model. By conditioning to the Facies Model it ensures that there is an appropriate porosity assigned
to a cell based on the facies type. That is, if the cell has been assigned as an overbank facies an
associated low porosity value will be applied.
6.2
Model Result
Overall, the highest porosity, which can be up to 24%, is observed at the base of the zones while the
lowest porosity is observed at the top (Figure 31). Examples of the porosity distribution are
highlighted. Within the SPBK 10 zone (Figure 32) the average porosity is approximately 10 to 12 %
with the highest porosity at the base of the zone. The facies logs have been included to
demonstrate the porosity distribution. As conditioned, where channel facies are expected at the
base, the highest porosities exist while the lowest porosity is aligned with the distribution of
overbank facies. Moving up the sequence into SPBK 15, the porosity distribution has shifted to the
lower end with the average porosity approximated at 8% (Figure 33). As in the zone below, where
overbank facies is expected the porosity is low and where channels are present the porosity is
higher. Once again, the heterogeneity of the Springbok is highlighted in Figure 34. SPBK 10 and 20
have a higher porosity compared to the SPBK 15 and upper SPBK zones where the porosity is lower.
The Basal Springbok, where present, is generally a low porosity unit averaging around 7%.

7.0 PERMEABILITY MODEL
Permeability data was gathered from available Drill Stem Tests (DSTs), Modular Formation Tests
(MFTs) and pump test data. The data was collected mainly from SPBK 10 and SPBK 20 zones (Figure
35). There is currently no data within the upper SPBK zone and one MFT point within the SPBK 15
zone. There were 2 DSTs performed in the Basal Springbok zone in the Sean 17M and Sean 19M
wells. In both instances the results came back with no permeability reading. The average porosity
(PHIE) was determined over the test intervals and this data was used to derive a porosity‐
permeability relationship. As the PHIE interpretation logs are not calibrated, porosity and
permeability data from government core analysis of the Springbok and Gubberamunda Formations
were included to derive the porosity‐permeability trend. This data represents the higher end of the
porosity and permeability spectrum and the resulting equation was determined from the best‐fit line
through the dataset (Figure 36). This equation was then applied to the PHIE logs and porosity model
to derive permeability logs and a permeability model respectively. The permeability ranges from 5
to 300mD throughout the most porous sandstone sections which occur at the base of the SPBK 10
and SPBK 20 intervals. The Basal Springbok, where present, generally has a low permeability. The
modelled permeability within this zone appears to have spikes of high permeability however, it must
be noted that this is firstly due to the stochastic nature of the model and secondly, over most of the
study area the Basal Springbok is less than 5 metres thick. The average permeability for the Basal
Characterization of the Springbok Sandstone
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Springbok was derived from the well data. Overall, the unit has a low average permeability as
expected based on the DST tests conducted over this interval.

8.0 HYDROGEOLOGICAL MODEL
A PHIE cut‐off of 0.08 was applied to the porosity model to define aquifer flags. This is a reasonable
industry standard cut‐off to identify non pay and no‐flow zones. Based on the derived porosity‐
permeability relationship, a PHIE of 0.08 is related to a permeability of less than 1mD and is
therefore a reasonable cut‐off to apply for an aquitard. As previously mentioned, channel facies are
prominent at the base of sequences; these being the highest permeability zones therefore imply a
higher probability of aquifer presence. Where the Basal Springbok is thicker than 5 metres, the unit
is considered an aquitard. When comparing trends between the facies, porosity, permeability and
hydrogeological models (Figure 37), it becomes apparent that the Springbok Sandstone as a whole is
comprised of a series of aquifers and aquitards, not one homogeneous sandstone aquifer as
commonly presumed.

9.0 SUMMARY
The following summarizes the main findings of this study:
•
•
•
•
•
•

•
•
•
•

The Springbok can be divided into two regionally correlatable major fining upward
sequences;
The sequences can be up to 100 metres thick with the sandstone units at the base of the
section ranging up to 50 metres thick;
In the Southern Development Area the sandstone and mudstone packages occur in distinct
packages;
In the Northern Development Area the sequence is more heterogeneous with the packages
displaying a more interbedded character;
The deposition of the Lower Springbok is likely to have been as a result of braided river
systems while the Upper Springbok is likely to have been deposited by meandering streams;
The Basal Springbok unit was picked on the basis that it is likely to be an aquitard. The unit
is up to 47 metres thick in the Southern Development Area while it ranges from 0 to 5
metres in the Northern and Central areas;
Based on facies and property modelling, aquifer units have been defined and lie at the base
of the fining upward sequences;
Permeability within the aquifers is likely to range from 1 to 300 mD.
The Springbok has been shown to consist of a series of aquifers and aquitards and is not one
homogeneous sandstone aquifer;
Vertical communication between the Springbok Sandstone and the Gubberamunda
Sandstone is highly unlikely due to the presence of regionally extensive mudstone units
(aquitards) above the sandstones (aquifers);

10.0 RECOMMENDATIONS
The following recommendations are given to increase the understanding of the Springbok Sandstone
characteristics
Increased data collection from the Springbok which can include but is not limited to:
o

Core acquisition beginning higher in the section;
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Core analysis (Routine and Special) to increase understanding of reservoir
characteristics including mineralogy, porosity, permeability, and capillary pressure;
and
o Acquisition of dynamic data through DSTs and Pumping Tests to understand the
nature of flow units within the Springbok.
Fine scale sector modelling field size areas: To have a better understanding of the extent
and continuity of the Basal Springbok in these areas ; and
o To ensure appropriate groundwater monitoring program (baseline assessment and
impact assessment) is aligned with the onset of pilot production.
Seismic interpretation, if possible, of the Top and Intra‐Springbok surfaces:
o To better define the structure of the Top Springbok; and
o To identify any discerning features within the Springbok to increase understanding
of reservoir architecture.
o

•

•
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Figure2–AvailableDataset
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Figure3–StratigraphicColumn













Figure 4 – Regional Type Log

Figure 5 – Regional Type Cross Section

Figure 6 – Core Photograph of Channel Facies in Basal SPBK – Jen-1

Figure 7 – Core Photograph of Channel Facies in SPBK 10 – Sean-17M

Figure 8 - Core Photograph of Channel Facies in SPBK 15 – Kathleen-1

Figure 9 – Lower SPBK Outcrop – Stop 1
Illustrating Characteristics of Lower SPBK Sandstone

Figure 10 – Lower SPBK Outcrop – Stop 1
Illustrating Characteristics of Lower SPBK SandstonĞ

Figure 11 – Lower SPBK Outcrop – Stop 2
Illustrating Characteristics of Lower SPBK Sandstone
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Figure 12 - Core Photograph of Overbank Facies in SPBK 15 – Kathleen-1

Figure 13 - Lower SPBK Outcrop – Stop 3
Illustrating Preservation of Incised Channel
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Figure 14 – Example of Log Response

Figure 15 – Conceptual Geological Model for Lower Springbok

Figure 16 – Modern Analogue of Depositional Environment for Lower SPBK
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Figure 17 – Conceptual Geological Model for Upper Springbok

Figure 18 – Modern Analogue of Depositional Environment for Upper SPBK

18 km

3 km

Figure 19 – Surface Generation Workflow
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Figure 20 – Isopach Maps

Figure 21 – Structural Model
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Figure 22 – Layering Methodology

Figure 23 – Facies Type Log

Figure 24 - Facies Weighting for Upscaled Logs

Table 1 – Variograms for Facies Model
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Figure 25 – Facies Model

Figure 26 – SPBK 10 Facies Model
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Figure 27 - SPBK 15 Facies Model

Figure 28 – Facies Model per Zone
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Figure 29 – Net Sand Maps
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Figure 30 – Net to Gross Maps

Figure 31 – Porosity Model

Figure 32 – SPBK 10 Porosity Model
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Figure 33 – SPBK 15 Porosity Model
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Figure 34 - Porosity Model per Zone

Figure 35 – Cross-section Showing Available Permeability Zones

Figure 36 – Porosity-Permeability Trend
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Figure 37 – Permeability Model
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Figure 38 – Average Permeability of Basal SPBK Derived from Well Data
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Figure 39 – Comparison of Models
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