




















Geology of the Shrub Swamps within Angus Place, Springvale & Springvale Extension Areas

Figure 56 Longitudinal Stratigraphic Section of Paddy’s East Shrub Swamp

Figure 56 is a longitudinal section of Paddy’s Creek East Shrub Swamp. The break
between the upper and lower swamps is shown by the break in the swamp extent,
marked in green, the model indicating the YS5a crops out at this point. This diagram
clearly illustrates the stratigraphic positioning of this swamp from the Burralow
Formation and into the Banks Wall Sandstone below. From limited current data and
interpolation as noted above, the upper reaches of Paddy’s East Swamp represent a
Burralow-type swamp, while the lower two-thirds appear to lie stratigraphically
within the Banks Wall Sandstone. Extensive hanging swamps (Figure 55) are present
within the lower reaches of this shrub swamp and are associated with the YS6, YS5a,
YS4 and YS3 plies.

As Paddy’s Creek East Shrub Swamp overlies Clarence Colliery, it is recommended
that this area be assessed pre-mining for pre-existing surface or subsurface anomalies.
There is no piezometer data for this swamp to date and this situation should also be
addressed prior to mining. To that effect, two piezometric monitoring sites, XPCE1
and XPCE2 have been selected as indicated in Figure 55. XPCE]1 has been chosen to
determine groundwater levels in the upper reaches of this swamp and to observe the
effects on groundwater levels of the YS4 aquitard. By contrast, XPCE2 has been
selected to observe the effects of a possible Banks Wall Sandstone substrate combined
with the confounding influence of the groundwater input from the extensive hanging
swamp complexes at the northern extent of this shrub swamp.
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V. Paddy’s Creek Shrub Swamp

Paddy’s Creek Shrub Swamp trends approximately SW-NE with an approximate
length of 800 metres and a maximum width in its upper reaches of 200 metres. This
swamp overlies longwall 424 of the Springvale South Extension area, has a fall of 35
metres and is wholly contained within the Burralow Formation.

Figure 57 is a plan of Paddy’s Creek Shrub Swamp showing subcrops of the aquitards
in the vicinity. The extreme upper reaches are located in the unconfined aquifer above
the YS4, and the broad southern expanse of the swamp is underpinned by the subcrop
of the YS4 ply and demonstrates the importance of direct in-gully groundwater input
to the morphology of shrub swamps. The YS4 ply also provides a source of indirect
groundwater via valley wall seepage for most of the length of the swamp. The YS3
and YS4 aquitards also hydrologically support the two hanging swamps to the
immediate north of this shrub swamp. The majority of Paddy’s Creek Shrub Swamp
lies stratigraphically between the YS4 and the YSS5 aquitards. The extreme northern
extremity is hydrologically supported by the YS5a aquitard.
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Figure 57 Plan of Paddy’s Creek Shrub Swamp
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Figure 58 shows a longitudinal stratigraphic section of Paddy’s Creek swamp and
highlights the role of the YS4 in the upper reaches, the presence of the YS5 aquitard
as the principal retainer of groundwater and the relatively steep gradient at the
northern end of the swamp where the aquifer between the YS5 and the YS5a crops
out.
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Figure 58 Longitudinal Stratigraphic Section of Paddy’s Shrub Swamp

As Paddy’s Creek swamp forms part of the Springvale South extension lease, it is
recommended that this area be assessed pre-mining for pre-existing surface or
subsurface anomalies. There is no piezometer data for this swamp to date and this
situation should also be addressed prior to mining.

To that effect, two piezometric monitoring sites, XPC1 and XPC2, have been selected
as indicated in Figure 57. XPCI1 has been chosen to determine groundwater levels in
the upper reaches of this swamp and to observe the effects on groundwater levels of
the YS4 aquitard. XPC2 has been selected to capture groundwater levels in a
comparatively drier area of the swamp but still within the angle of draw of the current
proposed mine plan.

VI. Marrangaroo Shrub Swamp

Marrangaroo Shrub Swamp trends approximately SW-NE, with an approximate
length of over 1700 metres and a maximum width of 150 metres. It has a fall of 67
metres and is mostly contained within the Burralow Formation, with the exception of
the extreme lower reaches where it is underpinned by the Banks Wall Sandstone.
Hence this swamp which drains into the Cox’s River and thence into the Warragamba
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Dam catchment area is a “mixed-type” swamp. It currently overlies longwalls 428,
429, 430 and 431 of the Springvale South extension area and has a gradient of 3.8%.
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Figure 59 Plan of Marrangaroo Shrub Swamp

Figure 59 is a plan of the Marrangaroo Shrub Swamp and associated Marrangaroo
Hanging Swamp complexes. The extreme upper reaches of the southern extension of
the Marrangaroo Shrub Swamp is intersected by the YS3 aquitard, providing an in-
gully groundwater source to this relatively wider section of the southern arm of the
Marrangaroo swamp system. The YS3 ply also provides valley seepage along the
length of the southern course of the host creek. The eastern upper reaches also receive
valley wall seepage and direct in-gully input from the YS3 ply, in addition to minor
valley seepage from the YS?2 aquitard.

Hanging swamps in the general area of Marrangaroo shrub swamp are supported by
the YS2 and YS3 aquitards to the south, and the YS4, YS5, YS5a and YS6 aquitards
adjacent to the lower reaches of the shrub swamp, where the Burralow Formation
conformably overlies the Banks Wall Sandstone. The hydrogeology of the hanging
swamps throughout the Angus Place, Springvale and Clarence leases is discussed in
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the subsequent report, The Geology and Hydrogeology of the Hanging Swamps of the

Newnes Plateau.

Near the confluence of the southern and the eastern reaches of Marrangaroo Creek,
the base of the YS4 aquitard intersects the gully floor and it is at this location that the
creek widens to its maximum width as a result of both direct and indirect input of

groundwater, in additional to topographic influences.

The YS5 and YS6 plies are relatively thick in the vicinity of this shrub swamp and
supply additional in-gully and valley wall seepage to the lower reaches of this creek,
which accounts for the widening of Marrangaroo Swamp at this location, as well as
the presence of its north-eastern tributary in the extreme lower reaches (Figure 59).
Here the stream bed and accompanying shrub swamp progress lithologically from the
Burralow Formation into the Banks Wall Sandstone due to erosion.
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Figure 60 Longitudinal Stratigraphic Section of Marrangaroo Shrub Swamp

Figure 60 shows a longitudinal section of Marrangaroo Shrub Swamp from the
southern tributary to the north-eastern extent of the swamp. YS3 underpins the
extreme upper extent of this swamp, with YS4 intersecting the gully floor

approximately 1300 metres downstream.

Figure 60 also displays the breach in continuity between the main body of this shrub
swamp and its southernmost extremity. It is recommended that this area be ground-
truthed for pre-mining slumping or other surface anomalies prior to longwalling. As
this figure demonstrates, the swamp is underlain by the aquifer between YS4 and
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YS3, followed sequentially in the lower reaches by the aquifer between the YS4 and
the YS5, and ultimately the aquifer between the YS5 and YS6. The YS5a is
essentially non-existent at this location and forms part of the YS5 ply and subcrops
only in the extreme lower reaches of this swamp.
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Figure 61 Hydrograph of Marrangaroo Shrub Swamp

Figure 61 shows recorded groundwater levels for piezometer MS1. Piezometer MS1
is located above the projected subcrop of the YSS5 ply (Figure 59). This piezometer
was installed in November 2011 and the above graph shows data from January 2012
to mid-April 2014. Although piezometer MS1 in general displays a pattern of a
permanently waterlogged swamp at this location, there is a significant and consistent
lowering of groundwater levels from November 2012 through to January 2013,
although only between 0.12 to 0.5 mbgl. High rainfall in February — March 2013 has
increased groundwater levels briefly for that time period, and groundwater levels
remain consistently high (approximately 0.12mbgl) until mid-October 2013 when the
swamp was burned out.

The hydrograph above indicates that the October 2013 fire and the accompanying
changes to vegetation and peat conditions in this swamp have had an effect on the
consistently high groundwater levels at this location within Marrangaroo swamp, with
an apparent change to an atypical periodically-saturated profile. It is expected that the
typical groundwater-saturated pattern will prevail in time as peat formation and shrub
swamp vegetation reestablish. Installation of additional piezometers at the locations
suggested below would add significant value to understanding the groundwater
regime in this “mixed-type” shrub swamp.
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Marrangaroo Shrub Swamp is hydrologically a “mixed-type” swamp, that is, it
contains both a Burralow and a Banks Wall substrate. However, at the location of
piezometer MS1, this shrub swamp displays an essentially groundwater dependent
profile, unlike the mixed-type swamps described previously, such as Twin Gully and
the upper tributaries of Tri-Star shrub swamps. This is due to the Burralow/Banks
Wall substrate ratio along the fall of the gully floor and the lack of additional
piezometers in the upper (potentially drier) reaches of this extensive shrub swamp.

As discussed previously, the presence of a Banks Wall substrate within a Burralow-
type shrub swamp creates a different lithological regime for groundwater movement
whereby the Banks Wall Sandstone acts as an efficient vertical conduit for relocating
water from the swamp system. This is in comparison to a Burralow-type lithological
profile, where a sequence of major and minor aquitards within the Burralow
Formation serves to maintain high groundwater levels within the upper sequences.

While the majority of Marrangaroo Swamp is located within the Burralow Formation,
the extreme lower reaches are situated in the Banks Wall Sandstone. The intersection
of aquitards YS2, YS3, YS4, YS5, YS5a and YS6 with the gully floor indicates the
importance of direct in-gully input in maintaining the relatively high water levels in
this swamp, together with its extensive length.

Marrangaroo Shrub Swamp is one of the longer shrub swamps in the Angus Place/
Springvale area and it is proposed that its length is related to the number of aquitards
the gully encounters, either directly or indirectly, as is passes down through the
lithological sequence. However, the presence of the Banks Wall Sandstone at the
lower reaches, as determined by the stratigraphic model, also likely contributes to the
differing morphology of this swamp as compared to Carne West swamp, for example.
This concept will be further discussed in Geological and Hydrogeological Influences
on Shrub Swamp Types.

As Marrangaroo Shrub Swamp forms part of the proposed Springvale southern
extension, it is recommended that this zone be assessed pre-mining for pre-existing
surface or subsurface anomalies. It is strongly suggested that swamp piezometers be
installed at XMS2 and XMS3 (Figure 59) to capture the hydrological response in the
southern section of this shrub swamp. In addition, a piezometer at XMS4 would
determine groundwater levels at eastern extent of this shrub swamp.
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14. Conclusions

Newnes Plateau Shrub Swamps (NPSS), Newnes Plateau Hanging Swamps (NPHS),
and Newnes Plateau Rush Sedge Snow Gum Hollow Wooded Heath Grassy
Woodlands (NPRSSG) are present within the Angus Place/Springvale lease areas.
The present study focuses primarily on the Newnes Plateau Shrub Swamps. Not all
shrub swamps in the Angus Place/Springvale lease have been included in the current
study.

The occurrence and sustainability of the Newnes Plateau Shrub Swamps are
multifactorial, involving a complex interplay between topography, hydrological
regimes and geology.

The formation and persistence of the Newnes Plateau Shrub Swamps and the Newnes
Plateau Hanging Swamps are intrinsically associated with the Burralow Formation,
that is, without the presence of the latter, the presence of both swamp types would not
occur in the study area.

The Burralow Formation with its suite of aquitards decreases the hydraulic gradient
and thus reduces the degree of percolation of groundwater through the varying
lithologies of this formation to the units below. Instead, much of the groundwater
present within the Burralow Formation is redirected laterally down-dip to discharge
points in nearby gullies. Precipitation is thus supplemented by moisture from
groundwater sources to form several discharge horizons along the course of the host
creek in which a shrub swamp is located.

In the Burralow Formation, where aquitard units are relatively plentiful, the
opportunity for groundwater supplementation via valley wall seepage is common.
Groundwater supplementation also occurs when aquitards outcrop within the floor of
creeks, thus providing a direct means of groundwater input into the host creek. Valley
wall seepage together with direct in-gully input of groundwater via aquitards permits
continuity of hydration during periods of drought.

The presence of numerous hanging swamps throughout the study area is also an
important indicator of the amount of water contained within the aquifer/aquitard strata
within the Burralow Formation.

The Newnes Plateau Shrub Swamps are reliant on the Burralow Formation for their
presence and development, although the study area does contain shrub swamps which
are stratigraphically located solely within the Banks Wall Sandstone. This latter shrub
swamp subtype displays an areally restricted morphology and occurs primarily in
steep-sided, narrow gullies due to the underlying Banks Wall Sandstone substrate,
which is less easily eroded than the lithologies which comprise the overlying
Burralow Formation.

In general, shrub swamps occurring wholly within the Banks Wall Sandstone have
less access to seepage at discharge points along creek beds due to the absence of
aquitard horizons. Consequently this restricts the size and breadth of this shrub
swamp type. Significantly, however, with the exception of shrub swamps in the
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Wolgan River, the Banks Wall-type shrub swamps are invariably adjacent to subcrops
of the lower Burralow Formation aquitard sequence and therefore receive substantial
groundwater seepage from these horizons.

Burralow-type shrub swamps are typically more areally extensive than the Banks
Wall equivalents, with generally longer and broader morphologies. This is due not
only to the presence of the Burralow aquitards, but the lithological differences
between the Burralow Formation and the Banks Walls Sandstone. The former
promotes more areally extensive swamps while the latter, with its predominantly
sandstone-based lithology, results in steeper-sided gullies due to its relative resistance
to erosion.

In Banks Wall and “mixed-type” swamps, the lack, or partial lack, of aquifers
respectively, inhibits the potential groundwater input and results in smaller, drier and
narrower swamps. However, it is important to note that Banks Wall-type shrub
swamps and the “mixed-type” swamps which occur at subcrop boundaries between
the Burralow Formation and the Banks Wall Sandstone, still receive seepage from the
aquitard/aquifer sequences located stratigraphically above them.

Even in shrub swamps located solely within the Burralow Formation, the thickness of
the latter can influence the extent of the size of the resultant shrub swamp. High
elevation Burralow-type shrub swamps, that is, those in the upper reaches of a
particular swamp, may gain groundwater solely from an unconfined aquifer and may
be generally smaller in size, unless they are located adjacent to a large recharge area.

Hence, the extensive 1150+ metre ridge system in the Springvale lease, where the
Burralow Formation is at its thickest, provides both a substantial precipitation
recharge zone plus an array of aquitards to promote groundwater retention in the
streams which flow from this watershed area, both to the north and south of the ridge
line. It is for this reason that shrub swamps in the south-east of the Springvale lease
are, in general, wetter and broader than those in the remainder of both leases.

Floristic differences are also apparent between the upper reaches of Burralow-type
shrub swamps, where there is less opportunity for sequential aquifers to supply
seepage as the gully moves lithologically downwards, as compared to the lower
reaches of these swamps which are typically permanently waterlogged. Similarly,
vegetation species differ between Burralow-type and Banks Wall-type shrub swamps
due to varying availabilities of groundwater. This, along with hydrological inputs into
the shrub swamps and hanging swamps will be discussed in a subsequent report.

Finally, the presence of the Newnes Plateau Shrub Swamps is dependent on
topographic, lithological and hydrological factors, which are subsequently reflected in
the morphology, floristics and hydrology of the resultant shrub swamp. The
manifestation of these complex interacting factors is most readily observable in the
change in swamp appearance and swamp vegetation from the northern extension of
the Angus Place lease through to the south and east of the Springvale Colliery lease.
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Appendix A

Core Photographs of SPR1211SP
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