
 

 



 

EXECUTIVE SUMMARY 
 
This report, upland swamp development and erosion during the Holocene, follows on from 
Technical Report 1. provided to the Sydney Catchment Authority (SCA) in early 2005. In the first 
report, we established a number of important findings, namely: 
 
• upland swamps on the Woronora Plateau contain significant stores of sediment, which if 

released, could threaten water quality in water supply reservoirs downstream; 
• erosion of swamps is likely to be triggered by a combination (coupling) of drought, wildfires, 

severe storms and breach of intrinsic thresholds, as well as by human impacts such as 
mining; and, 

• it should be established whether erosion and refilling (cut and fill) is a natural part of swamp 
development or if the recent erosion of several swamps is an unusual event. 

 
The main aims of this technical report are to gain an understanding of upland swamp 
development and assess the causes or triggers of erosion during the Holocene (last 10,000 
years) including wildfires and contemporary human impacts over the last 200 years. Our goal is to 
determine whether the swamps are eroding for the first time through direct or indirect human 
disturbance or if episodic flushing is a natural process in the accumulation and storage of 
sediments in headwater tributaries on the Woronora Plateau. This research is conducted under 
the SCA’s Science and Research Program. 
 
The swamps investigated include Drillhole Swamp on Flying Fox Creek in the Avon catchment, 
Swamp 18 on Native Dog Creek in the Avon Catchment, and Flat Rock Swamp on Waratah 
Rivulet in the Woronora catchment. All three swamps are currently experiencing gully erosion, 
which commenced at various times within at least the last 50 years. Gully erosion exposes 
swamp sediments which presents a unique opportunity to examine the internal stratigraphy and 
assess the type of erosion events in swamp evolution. The methods include an assessment of 
the history of disturbance to each swamp (mining, wildfires), analysis of previous work, air photo 
interpretation commencing with the oldest photos available (late 1940’s – early 1950’s), a detailed 
analysis of swamp stratigraphy and dating, and an analysis of rainfall records. 
 
Our results show that upland swamps formed on the Woronora Plateau during the Late 
Pleistocene - Holocene, are resilient sediment storage features despite extensive disturbance 
through drought, wildfires, mine related subsidence and severe rainfall events (> 700 mm over 
several days). The swamps can be categorised into two groups: headwater–drainage divide 
swamps (common on the plateau) and valley filling swamps (confined to the more dissected 
valleys). Both types are filled with predominantly sandy sediments, tending to peat during 
conditions of high water tables and low sediment supply. It is the valley filling swamps which are 
currently eroding at present, with the exception of Drillhole Swamp (headwater swamp) which 
was found to have eroded in 1978 as a direct response to extensive mine related site disturbance 
coupled with extreme rainfall. Erosion of the valley filling swamps takes place by knickpoint 
retreat between pre-existing scour pools resulting in a gully cutting through the swamp. The 
stratigraphy of Drillhole Swamp and Flat Rock Swamp however, reveals older cut and fill 
channels indicating prior erosion events and suggesting that episodic erosion is an important 
natural process in the evolution of all swamps on the Woronora Plateau. The formation of scour 
pools appears to be a critical indicator of likely future gully erosion. Extreme rainfall events are 
thought to be a likely trigger in forming the pools although thresholds could not be identified. 
Wildfires were found to increase erosion in swamps where erosion was already underway, but 
fires alone do not appear to trigger erosion in upland swamps. Dewatering of swamps through 
mine subsidence may play a role in increasing the sensitivity of swamps to external forces such 
as fires and extreme rainfall events.  
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1. INTRODUCTION 
 
Upland swamps on the Woronora Plateau south of Sydney, are important sediment storage 
features in this landscape (Figure 1). The majority of swamps are formed in headwater tributaries 
with gentle gradients (< 10 degrees) often filling the valley base and extending up the valley sides 
and drainage lines to straddle catchment divides (Young 1986a). Occasionally valley filling 
swamps are formed in second or third order streams as isolated pockets blanketing the valley 
floor. The swamps are identified by their distinct wetland vegetation composition compared with 
the surrounding dry sclerophyll forest which occurs on the better drained ridge tops and 
hillslopes.  
 

 
Figure 1. Distribution of upland swamps on the Woronora Plateau (for location see Fig. 2). 
Headwater swamps form on the flat lying plateau top where slopes are < 10 degrees. Valley 
filling swamps form in the steeper valleys typically on 2nd or 3rd order streams. 
 
The swamps are significant in geomorphic terms because they store mineral and organic 
sediment which also serve to record the history of infilling. Changes in sediment deposition, 
composition and calibre may indicate changes in catchment erosion and hydrology throughout 
the period of record. This may be triggered by broader regional climate change (long term shift) or 
by local natural disturbances such as wildfires and severe rainfall events (perturbations). More 
recently, post-European human disturbance such as mining has been identified as a potential 
trigger.  
 
The swamps are also important hydrologically, since they act like a sponge remaining wet for 
most of the time and providing a more continuous base flow into the main channels long after 
rainfall. This is in contrast to the flashy flows typical of streams where swamps are absent. 
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A number of upland swamps on the Woronora Plateau are eroding at present, particularly the 
valley filling swamps, which is of concern to the managing agency, the Sydney Catchment 
Authority (SCA). Erosion of the swamps results in the release of large amounts of sediment and 
nutrients, which are transported downstream into the water supply reservoirs. The rapid influx of 
material has implications for water quality and accelerated infilling of the water storages. This is 
particularly relevant to the recent drought conditions where dam levels fell to below 50 %. 
However, from a research perspective, the eroding swamps provide a unique opportunity to 
evaluate the structure and sediment composition of swamps from exposures. That is, they 
provide technical details that are not easily obtained from uneroded swamps. Previous studies of 
uneroded swamps have relied on data collected through coring of swamp material, with 
interpretation limited by the number and spacing of cores. By utilizing the eroding swamps we aim 
to gain a better understanding of swamp stratigraphy and hence, swamp evolution and dynamics. 
In particular, the following research questions are addressed:  
 

1. When did the swamps begin to develop? Similar initiation ages would imply a regional 
scale event consistent with climatic conditions being suitable for swamp development. 
Dissimilar ages would imply local (catchment by catchment) intrinsic controls. Answering 
this question provides a stronger platform to assess swamp stability, as the similar age 
scenario might imply that a regional phase of swamp erosion is possible whereas the 
dissimilar age scenario implies that each catchment will behave differently.  

 
2. Does the sedimentary record (as revealed in exposures of eroded swamps) indicate 

episodes of cut and fill consistent with significant perturbations i.e. extreme events? 
 

3. Are cut and fill events a response to changes in external and / or internal mechanisms 
such as catchment erosion and hydrology, or breaching of thresholds? 

 
4. What is the role of wildfires in triggering a cut and fill event and was the recent erosion of 

several swamps a response to the 2001-02 wildfires? 
 

5. Are the swamps currently eroding through contemporary human impacts, particularly 
mine subsidence? 

 
To answer these questions, data was collected from three swamps: Drillhole Swamp, Swamp 18 
and Flat Rock Swamp (Figure 2). The swamps were selected for two reasons: firstly, because 
they were of primary concern to the SCA; and secondly, because previous work at each swamp 
allowed us to utilize and build upon existing data.  
 
Our investigation of the three swamps includes an analysis of surface morphology from surveys 
and sedimentology from gully exposures including radiocarbon dating of key sedimentary units to 
determine the timing of deposition / erosion. In addition, air photo interpretation was undertaken 
to determine historical changes over time and an analysis of rainfall1 and fire records was 
undertaken to determine links between the current erosion, rainfall and wildfires. The results from 
each swamp are presented separately in the following sections. The final section of the report 
discusses the swamps collectively and addresses the five key questions outlined above. 
 
 

                                                  
1 Note: Following the completion of this report errors relating to the conversion of rainfall data and 
quality coding were discovered in rainfall records archived by the SCA. It is possible that the rainfall 
records from the Woronora Plateau used in this report may also contain these errors which could 
affect the magnitude of daily rainfall values. 
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Figure 2. Location of the Woronora Plateau and swamps investigated. Drillhole Swamp 
indicated as (1), Swamp 18 indicated as (2) and Flat Rock Swamp indicated as (3). 

Technical Report 2. Upland swamp development and erosion on the Woronora Plateau                    3 



 

2. DRILLHOLE SWAMP 
 
2.1. Location 
 
Drillhole Swamp is located on Flying Fox Creek No 1 in the headwaters of the Avon catchment 
(150° 43’ 40”; 34° 26’ 0”) (Figure 3). Access is via a 4WD track leading off Fire Road 6H. The 
swamp consists of a number of smaller swamps which occur on three main tributaries and a 
larger main swamp formed at the tributary confluence (known as Drillhole Swamp or Swamp 
37a). The swamp occurs on Triassic Hawkesbury Sandstone and descends from 520 m to 460 m 
elevation. Rainfall is high (average 1500 mm a-1) due to the close proximity to the Illawarra 
Escarpment. 
 

 
Figure 3. Gully erosion through Drillhole Swamp, looking downstream. 

 
 
2.2. History of disturbance to the swamp 
 
Underground coal mining 
 
Drillhole Swamp has an extensive history of mining disturbance. Between 1965 to 1969 
underground mining of the Bulli Coal Seam was by pillar extraction, then in 1974 longwall mining 
of the Wongawilli Coal Seam commenced but ceased in 1977 (C.Horsely pers. comm., 2005). 
Cracking in the bedrock downstream of the swamp was first noticed in 1971 (C.Horsely pers. 
comm., 2005) and linked to mine subsidence (Kapp 1980). This subsidence became the subject 
of an investigation by the Metropolitan Water, Sewerage and Drainage Board (MWSDB) as part 
of the mining under stored water enquiry (Reynolds 1976). The investigation by the MWSDB, 
however, caused significant disturbance to the swamp surface including construction of an 
access track across the centre of the swamp, clearing of a section of the swamp to bedrock, 
mounding of the spoil along the swamp margins and construction of a small dam on a creek 
upstream of the swamp, as well as actual drilling (up to 350 m into bedrock) (Reynolds 1976). In 
March 1978, a severe rainfall event occurred in the catchment which reportedly led to failure of 
the small dam and triggered erosion of a gully which cuts through the swamp (A. Young pers. 
comm., 2005). 
 
Wildfires 
 
Drillhole Swamp has experienced two major wildfires since 1964 (Table 1). The 2001-02 wildfire 
appears to have burnt a significant portion of the swamp vegetation and underlying organic rich 
sediment particularly in the drier areas surrounding the gully. Details of the late winter 1968 fire 
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are unknown, but it is presumed that the vegetation was burnt to the same intensity as the 2001-
02 fire, but not the organic rich sediment. 
 
Table 1. Wildfire history at Drillhole Swamp (source: SCA, unpublished data) 

Year Cause Ignition date Extinguish date 
1968 Wildfire 29/8/68 No data 

2001-02 Wildfire triggered by lightening 26/12/01 21/01/02 
 
2.3. Previous work 
 
Previous work on Drillhole Swamp was undertaken by Young (1986a; 1986b) who witnessed the 
gully erosion and later mapped the stratigraphy shown in the gully walls (Figure 4). Young 
describes a dominantly sandy fill up to 5 m thick in the swamp commencing at around 12,000 
years BP, with a peat unit dated at between 6,500 – 7,500 years BP. Her mapping also displays 
three small channels cut into the sandy units which contain clean sands, wood and charred plant 
material. Young’s radiocarbon dates suggest additional cut and fill sequences (indicated as Units 
1, 2 and 3 (shown in blue) on the left bank section of Fig. 4) which are discussed below. 
 

 
Figure 4. Stratigraphy of Drillhole Swamp (Young 1986b) showing an interpretation of 3 
additional cut and fill events based on radiocarbon ages. 
 
The cut and fill history of the site implies rapid deposition of sediment on the bedrock floor of the 
valley, commencing in the Late Pleistocene – Early Holocene, followed by removal of part of this 
sediment on the down valley side of profile CP soon after. Infilling with sands and peat over 2,500 
years then took place punctuated by episodes of channel erosion, but not to bedrock. Both units 
were later buried by Unit 3 sediments (< 5,000 years old). The apparent sharp and steep 
boundary between Units 1 and 2 resembles a head cut of a gully (i.e. knickpoint) similar to those 
observed in the eroding swamps today. It was this site and especially the left bank section that 
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formed an important part of the rationale for targeting the upland swamps on the Woronora 
Plateau in this investigation. The dating and stratigraphic interpretation provides strong evidence 
of major cut and fill events involving sedimentary units of 1 – 2 m thick, which was not recognized 
by Young (1986b). Thus, this section was considered a critical site that required further 
evaluation. 
 
2.4. Methods and results 
 
Changes in swamp morphology since 1951 
 
Aerial photograph interpretation was undertaken using a series of air photos dating back to 1951 
(Figure 5; see Appendix 1 for details). The aim of the interpretation was to compare the 
morphology of the swamp prior to mining disturbance and gullying with the morphology post-
mining / gullying and following the 2001-02 wildfires. The air photos reveal the following: 
 
• In 1951, Drillhole Swamp was continuous and intact in the location of the current gully, but 

had a well defined, eroded channel cutting across the centre of the lower part of the swamp 
and extending up the eastern tributary. A small stand of peppermint gums (2 or 3 trees) was 
positioned close to the centre of the swamp.  

 
• By 1964, the stand of gums had increased in extent and a new stand had begun to grow on 

the northern tributary. The boundary of the swamp on the northern tributary had also 
expanded in places, which may indicate an increase in groundwater seepage. No change in 
the extent of gully incision is indicated.  

 
• The 1979 air photo shows extensive changes to Drillhole Swamp that occurred through site 

disturbance (access road and clearing of a section of swamp to bedrock) and the 1978 gully 
erosion. The gully extends for a distance of approximately 100 m through the centre of the 
swamp to the entrance of the north-east tributary. Downstream of the gully, a large sand 
splay was deposited across the swamp and infilling part of the main channel. 

 
• By 1990, the extent of the stand of peppermint gums had increased significantly. This may 

be due to dewatering of this section of the swamp following gully erosion. Several bare areas 
had begun to revegetate including the sand splay and lower end of the access road. 

 
• The 2002 air photo was taken a few weeks after the 2001-02 wildfires. The vegetation in the 

swamp, particularly the area affected by the gully and the eroded channel on the eastern 
tributary were severely burnt. The gully had also extended head wards up the north-east 
tributary to a sandstone lip.  

 

Technical Report 2. Upland swamp development and erosion on the Woronora Plateau                    6 



 

 
 

 
Figure 5. Changes in morphology of Drillhole Swamp between 1951, 1964, 1979, 1990 and 2002 
(continued over page). Note the existence of a well defined channel cutting across through the 
lower part of the swamp in 1951 and the gradual expansion of the peppermint gum stand until 
the 2002 wildfires. The mining related impacts (access road, removal of sediments) are clearly 
shown in 1979, as is the presence of a large sand splay following the gully erosion which is 
gradually revegetated and channelised. The gully erosion extended head ward to a sandstone 
lip at sometime between 1990 and 2002. 
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Figure 5. cont. 
 
Surface morphology 
 
A detailed survey of the gully and surrounding swamp was undertaken using a Total Station 
Survey instrument. The purpose was to determine the surface morphology, direction of drainage 
and relative heights of exposures and auger holes used in the stratigraphic analysis. The survey 
confirmed that the direction of the pre-1978 drainage was away from the existing gully towards 
the south-west (Figure 6). This suggests that the post-1978 gully did not form where it would be 
expected i.e. in the lowest part of the swamp where flow concentrates. However, the 1951 photo 
does suggest a slight drainage path which flowed westwards around the peppermint gums along 
with a definite flow path to the south which is evident in Figure 6. It appears that site disturbance 
including construction of tracks, compaction by machinery and the removal of sediments from the 
bedrock shelf may have provided an easier route leading to concentration of flows at this location 
in the swamp.  
 
Swamp stratigraphy 
 
The stratigraphy of Drillhole Swamp was determined from an analysis of exposures in the gully 
and several auger holes in the section now covered by the peppermint gum stand. The exposures 
and auger holes were positioned to produce two approximately parallel transects across the 
swamp (for locations see Figure 6). A probe was used to determine depths to bedrock between 
the auger holes. The sediments from the gully and augers were analysed for texture, colour 
(Munsell), pH and grain size. Samples of basal sediments from the gully were collected for 
radiocarbon dating.  
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Figure 6. Surface contours of Drillhole Swamp showing the gully and direction of drainage. 
Green dots represent the survey points. Contours are most reliable where there are many 
survey points. Cross sections A – B and C – D are indicated and the position of auger holes 
(A1, A2 etc) and exposures (E1, E2 etc) used for the sediment analysis are shown. 
 
The gully transect, shown in Figure 7, reveals a thick wedge of dominantly sandy organic rich 
sediment, which thins in a downstream direction towards the centre of the swamp. This is 
consistent with Young’s (1986b) mapping and interpretation. Several stacked units can be seen 
within the gully including a well defined peat unit which is continuous between Exposures 1 to 5. 
Young maps the peat unit as thinning in the upstream direction but her radiocarbon date (7,540 
years BP) was sourced from peat confirming the upstream extension. The stacking of units 
suggests distinct phases of vertical sediment accumulation leading to swamp development and 
growth. The phases are probably controlled by the influx of coarse sediment from the tributaries 
and adjacent hillslopes, compared with the growth of organics controlled by the water table and 
ground water seepage. The basal sediments consist of sands and clayey sands indicating a 
freely draining environment, such as a stream network prior to swamp development. A wood 
sample collected from the right hand side of the gully approximately 50 cm above bedrock and 
within the lowest organic sand unit gave a radiocarbon age of 12,870 ± 70 years BP confirming 
the Late Pleistocene – early Holocene timing of swamp initiation. 
 
The infilled channels that Young (1986b) mapped at the lower end of the gully were not visible in 
the present exposure. However, photos taken by Young in 1978 (pers. comm., 2005) clearly 
show small, shallow channels cut into the organic rich sediments and infilled with clean sands, 
charred plant debris and large pieces timber. The absence of the channels suggests that the 
lower part of the gully has expanded since 1978. Young’s radiocarbon dates from the overlying 
peat unit and basal sediments (Figure 7) provide an age constraint for the channels, indicating 
that they were formed between 8,850 and 7,420 years BP. The cut and fill channel within unit 3, 
mapped and radiocarbon dated as 4,870 years BP by Young was still present (but hidden by 
vegetation) and consists of small basal pebbles overlain by clean sands with charred organic 
material and timber. The age differentiation between the channels provides evidence that they 
are not part of the same network. 

Technical Report 2. Upland swamp development and erosion on the Woronora Plateau                    9 



 

 
Figure 7. Stratigraphy of sediments in the left bank of the gully (section A – B in Figure 6). The 
approximate locations of exposures used for analysis in this study are indicated on Young’s 
(1986) diagram.  
 
The transect across the peppermint gums, shown in Figure 8 reveals a much thinner veneer of 
sediments, with bedrock appearing at or close the surface intermittently down the slope. The 
maximum auger depth was 2.3 m (A1) in the centre of stand, compared with 4.7 m in the gully 
just 30 m away. The character of sediments was similar to the upper exposures in the gully (Unit 
3), but with an increasing proportion of organics (sandy loams and clay loams) and a much finer 
sand fraction. The sediments in the auger holes indicate that the swamp was continuous beneath 
the peppermint gum stand, prior to colonization of the trees. These patterns suggest that the 
swamp grows through infilling the lowest part(s) of the valley (most likely to be depressions along 
the creekline), then expanding to blanket the adjacent hillslopes. 
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Figure 8. Cross section through Drillhole Swamp beneath the stand of peppermint gums 
showing the frequent outcrop of bedrock at the surface and swamp sediments infilling the 
depressions in between (section C – D in Figure 6).  
 
Rainfall analysis 
 
An analysis of daily rainfall from the Upper Avon gauge (Meteorological no. 568071) located near 
Fire Road 15 is presented below (Tables 2a to 2c). This gauge is approximately 3 km south of 
Drillhole Swamp, and probably provides a reasonable estimate of rainfall at the swamp. Two data 
sets were sourced from SCA (daily totals and tipping bucket) to extend the record from 2/06/1967 
to 10/07/2005 (38 years). 
 
The maximum daily rainfall recorded within the 38-year record at the Upper Avon gauge was 
545.5 mm on 16 February 1984 (Table 2a). This rainfall event occurred six years after the gully 
erosion in Drillhole Swamp but it seems to have had little effect on the swamp. The March 1978 
event which did trigger the erosion of the gully produced 502 mm in 3 days and was ranked fifth 
in the record of major rainfall events (Table 2b). The storms ranked 1 to 3 all occurred later than 
1978. The fourth highest storm occurred in November 1969 well after the commencement of 
underground mining and over 12 months after the 1968 wildfire, but we are unable to determine if 
this storm had any impacts due to the time lapse between the air photos and anecdotal records 
(i.e. 1964 to 1979 which is post gully erosion). Overall, 25 major rainfall events of at least 200 mm 
have occurred throughout the period of record with an even spread across all months of the year. 
 
A comparison of rainfall up to three years following the 1968 and 2001-02 wildfires (Table 2c) 
revealed that both experienced large rainfall events of similar magnitude (310 – 325 mm in 3 
days) which were ranked twelfth and thirteenth respectively, The first rainfall event following the 
1968 fires occurred 7 – 8 months later, whereas the first rainfall event following the 2001-02 fires 
occurred just two weeks later and had a maximum daily rainfall of 164 mm. Overall, the three 
years following the 1968 fires were much wetter than the same period following the 2001-02 fires. 
 
Table 2a. Maximum daily rainfall recorded above 237.5 mm (0.05 percentile or 1 in 5 year storm 
recurrence interval) 

Date Rainfall (mm day-1) 
16/02/1984 545.5 
17/08/1998 294 
23/06/1983 282 
10/06/1991 280 
13/09/1993 260 
1/08/1990 252.5 
9/02/1992 237.5 
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Table 2b. Major rainfall events lasting 2 or more days (excepting 16/02/84) 
Rank Date Rainfall 

1 7 – 11 June 1991 722.5 mm in 5 days 
2 16 – 19 August 1998 577 mm in 4 days 
3 16 February 1984 545.5 mm in 1 day 
4 12 – 15 November 1969 527.6 mm in 4 days 
5 18 - 20 March 1978 502 mm in 3 days 
6 28 – 30 April 1988 462.5 mm in 3 days 
7 11 – 13 December 1991 413 mm in 3 days 
8 26 – 28 August 1974 387.7 mm in 3 days 
9 9 – 10 February 1992 355.5 mm in 2 days 
10 10 – 12 March 1974 338.7 mm in 3 days 
11 9 – 11 March 1975 330.8 mm in 3 days 
12 14 – 16 April 1969 325.9 mm in 3 days 
13 4 – 6 February 2002 310.5 mm in 3 days 
14 1 – 2 August 1990 307 mm in 2 days 
15 2 – 4 February 1990 302 mm in 3 days 
16 3 – 5 March 1977 301 mm in 3 days 
17 17 – 18 May 1995 287.5 mm in 2 days 
18 21 – 22 March 1983 270 mm in 2 days 
19 5 – 6 August 1986 269 mm in 2 days 
20 20 – 21 June 1975 267.4 mm in 2 days 
21 23 – 24 October 1999 242.5 mm in 2 days 
22 14 – 15 October 1985 227 mm in 2 days 
23 5 – 6 April 2004 222 mm in 2 days 
24 8 – 9 December 1970 221.9 mm in 2 days 
25 22 – 23 February 1977 219.6 mm in 2 days 

 
Table 2c. Comparison of rainfall events for 3 years following the 1968 and 2001-02 wildfires  

 1968 wildfire 2001-02 wildfire 
1st rainfall event 325.9 mm on 14 – 16 April 

1969 (229 days after fire) 
310.5 mm on 4 – 6 February 

2002 (14 days after fire) 
Maximum daily rainfall 236.4 mm on 13/11/1969 164 mm on 4/02/2002 
No of days of rainfall 570 345 
Total rainfall (mm) 4456.1 3057.5 

 
 
2.5. Interpretation and key points 
 
The layered stratigraphy of Drillhole Swamp suggests that it has formed through the gradual 
infilling of sandy sediments punctuated by periods of stability and high water tables presumably 
leading to the growth of swamp vegetation and the development of peat. The wedged geometry 
of the units suggests that most of the coarser sediment is deposited at the swamp margins (thick 
end of the wedge) due to the decrease in slope and stream competence. This leads to relatively 
rapid infilling at the margins and backfilling along tributaries. This pattern may reinforce periods of 
low sediment supply and greater organic growth in the centre of the swamp. A changing locus of 
deposition, similar to the process of alluvial fan development may account for the seemingly rapid 
deposition of sands in the base of the swamp close to the swamp margin between 10 – 12,000 
years BP and the disparity in radiocarbon dates a few meters downstream shown in Figure 7. 
 
The presence of at least two cut and fill channels of different ages revealed in the gullied section 
provides good evidence that periodic erosion of Drillhole Swamp is a naturally occurring process. 
The clearly defined channel eroded through the lower part of the swamp and the eastern tributary 
in 1951, prior to any mining disturbance, further supports this conclusion. The recurrence interval 
of the cut and fill events appears to be in the order of thousands of years. However, the presence 
of the older Early Holocene sediments in the base of the swamp provides evidence that the whole 
swamp is not eroded to bedrock. Rather, the erosion removes a small, slice of the swamp which 
is soon after infilled.  
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The formation of the gully in 1978 may have been linked to the existence of the channel cut 
through the swamp prior to 1951. The increase in concentration of flows due to site disturbance 
and removal of sediment from the rock shelf may have been sufficient enough to generate a 
knickpoint leading off the channel side wall which retreated upstream along a pre-existing flow 
path which diverted around the peppermint gums until it reached the coarser colluvial material at 
the hilllslope / swamp interface. The bursting of the dam on the north-east tributary during the 
March 1978 storm presumably generated stream velocities far in excess of those produced under 
heavy rainfall events such as the 545.5 mm event which occurred in February 1984. The later 
knickpoint, which stripped away any remaining swamp sediments infilling the tributary valley 
upstream of the gully to the sandstone lip, was active sometime between 1990 and 2002. Major 
rainfall events occurred in 1991, 1992, 1993 and 1998 though it is possible that the erosion 
occurred in the first storm following the 2001-02 wildfires, but we are unable to identify a definite 
link.  
 
The presence of the peppermint gums in the swamp prior to 1951 presents an unusual situation. 
The growth of the gums indicates that the water table in this part of the swamp was low and the 
sediments were well drained. The presence of the sandy upper unit rather than peat agrees well 
with this finding. The current surface morphology combined with the drainage patterns in 1951 
and 1964 where flows tend to follow the swamp margins suggests that the sandy sediments 
delivered from the north-east tributary were deposited on the swamp surface as an alluvial fan. 
The accumulation of sediments through this process would explain the blanketing effect of the 
underlying bedrock. The uppermost sandy unit may have been deposited during a phase of 
abundant sediment supply from the upper catchment and adjacent hillslopes. 
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3. SWAMP 18 
 
3.1. Location 
 
Swamp 18 is located on Native Dog Creek in the headwaters of the Avon catchment (150° 42’ 
30”; 34° 24’ 50”) (Figure 9). Access is via a 4WD track leading off Fire Road 6A. The main body 
of the swamp fills the valley floor of Native Dog Creek for a distance of approximately 1.4 km and 
extends up small tributaries forming side swamps. The swamp occurs on Triassic Hawkesbury 
Sandstone and descends from 430 m to 360 m elevation. Rainfall is high (average 1200 mm a-1) 
due to the close proximity to the Illawarra Escarpment. 
 

 
Figure 9. Gully erosion through Swamp 18, looking upstream. 

 
 
3.2. History of disturbance to the swamp 
 
Underground coal mining 
 
Swamp 18 has a recent history of coal mining disturbance. Longwall mining at the Eloura Colliery 
began in 1993 and extended under the swamp between 1995 and 1997 (C. Horsely pers. comm., 
2005). The longwalls are roughly perpendicular to the swamp which has a staged effect on 
subsidence (C. Horsely pers. comm., 2005). Subsidence related cracks in bedrock were first 
noticed in the creek downstream of the swamp in late 2001 (K. Newport pers. comm., 2006). 
 
Wildfires 
 
Swamp 18 has experienced two major wildfires and a hazard reduction burn since 1964 (Table 
3). The 2001-02 wildfire caused extensive damage to the swamp vegetation in all but the upper 
part of the swamp and the side swamps.  
 
Table 3. Chronology of wildfires at Swamp 18 (source: SCA, unpublished data) 

Year Cause Ignition date Extinguish date 
1968 Wildfire 29/8/68 No data 

1986-87 Hazard reduction burn No data No data 
2001-02 Wildfire triggered by lightening 26/12/01 21/01/02 
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3.3. Previous work 
 
Swamp 18 has been the subject of many previous investigations particularly since a major gully in 
the swamp was discovered on 19 August 2002 following the 2001-02 wildfires (C. Horsely pers. 
comm., 2005). The gully was thought to have been the result of dewatering of the swamp by 
mining and burning of the swamp surface during the fires, followed by an intense storm. Several 
consultancy reports commissioned by BHP Billiton, have looked at the geomorphic processes in 
the swamp, determined thresholds for swamp stability and analysed the effect of fire on swamp 
flora giving particular emphasis to the potential impacts of underground mining (Biosis Research 
2001; Earth Tech 2003; Earth Tech 2005). Earth Tech (2003) concludes that Swamp 18 and 
others are subject to periodic erosion events related to disturbance such as fire and subsequent 
significant flow events. However, they could not establish causal links between 1) mining and an 
increased risk of wildfires; and, 2) mining subsidence and gully erosion. Nevertheless a BHP 
Billiton report focusing on plant ecology (Biosis Research 2001) records (photograph) a fracture 
along the left margin of the swamp. This fracture resembles a fault with a down throw of about 2 
m on the swamp side. Such a fracture may occur through bedrock subsidence. The fact that the 
2001-02 fires resulted in high severity burning of the near surface layers along with the fractured 
nature of the peat units indicates that dewatering had taken place and the surface of the swamp 
was dry by late 2001.  
 
The geophysics of Swamp 18 was investigated by Gibbins (2003). Gibbins concluded that the 
swamp was comprised of 3 layers: a surface organic layer, overlying a basal sandy layer, which 
sits on Hawkesbury Sandstone. He also concluded from seismic refraction results that a complex 
fracture system had developed along the main drainage line which led to dewatering of the 
swamp. In contrast, the same geophysical approach applied to a similar burnt but uneroded 
swamp revealed no fracture pattern in the underlying rock. 
 
3.4. Methods and results 
 
Changes in swamp morphology since 1951 
 
Air photo interpretation was undertaken using a series of photographs dating back to 1951 
(Figure 10, see Appendix 1 for details). The aim of the interpretation was to determine any 
changes in swamp morphology prior to, and following the wildfires and underground mining. The 
air photos reveal the following:  
 
• In 1951, Swamp 18 was more extensive downstream of what is now regarded as the main 

body of the swamp. At this time, a narrow but intact swampy fill extended from Swamp 18 
along Native Dog Creek, forming a confluence with other side swamps including Swamp 19 
approximately 800 m downstream. The air photo also shows a small gully eroding through 
the fill at the downstream end with the headcut located approximately 200 m upstream of the 
1951 swamp outlet. Many pools were present in both the main body of the swamp (labeled A 
and B) and in the downstream extension. 

 
• The 1964 air photo shows the persistence of the larger pools in the downstream extension 

and main body of the swamp. Some of the smaller pools were not visible possibly because 
they were dry or beginning to revegetate. Unfortunately, due to the angle of the air photo 
(NE – SW direction) we are unable to assess the location of the headcut (located beyond the 
edge of the photo). 

 
• By 1990 a gully had formed through the downstream extension of the swamp with the 

headcut located at the outlet of the main body of the swamp. The gully appears to follow the 
line of the pools and extends for a short distance up one of the side swamps. The two large 
pools within the main swamp, A and B were still present. 

 
• The air photos taken on October 2001 and February 2002 reveal that erosion in the main 

body of the swamp between pools A and B occurred between this time (4 months). 
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Importantly, the 2001-02 wildfires also occurred within this window indicating that erosion 
either pre-dated or post dated the fires by a matter of weeks.  

 
• Since February 2002, the morphology of the swamp appears to have changed very little. The 

headcut has reached a large bedrock step at the upstream end of pool B. The step acts as a 
base level control and above the step the swamp is very shallow which limits any further 
erosion potential. The vegetation over the burnt and eroded swamp areas is now dominated 
by Acacia species. Photos taken within nine months of the fire, indicates a very hot burn in 
the surface layers. This could only occur if the upper part of the swamp had dried out. 

 
 

 
Figure 10. Morphological changes in Swamp 18 between 1951, 1964, 1990, 2001 and 2002 
(continued over page). Note the presence of a knickpoint downstream of the swamp in 1951, 
which had retreated upstream to reach the main body by 1990. The latest period of erosion 
occurred between October 2001 and February 2002 and linked the two main pools, labeled A 
and B. This erosion was first observed following the 2001-02 wildfire. 
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Figure 10. cont.  
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Swamp stratigraphy 
 
The stratigraphy of Swamp 18 was investigated using the exposures in the pool B and exposures 
in the gully which runs through the lower section of the main body of the swamp and downstream 
to the confluence with Swamp 19. Auger holes were added to provide information on the intact 
sections of the swamp. The sediments from the pool and augers were analysed for texture, colour 
(Munsell), pH and grain size. Charcoal and wood samples were radiocarbon dated to indicate the 
timing of deposition of key sedimentary units. A cross section of the swamp stratigraphy at pool B 
is presented in Figure 11. 
 
 

 
Figure 11. Cross section of Swamp 18 through pool B (looking downstream), showing the 
stratigraphy and age of key sedimentary units. The swamp appears to grow through vertical 
accretion of units which extend to blanket the adjacent colluvium (indicated as sandy clay, 
light clay and sand). 
 
The stratigraphy of the swamp at pool B shows six main units within a 2.68 m profile to bedrock. 
The units are continuous on both sides of the pool providing evidence that the pool was formed 
by scour rather than through a slower rate of infilling of the swamp surface.  
 
The basal unit is an organic rich sand with abundant charcoal and was deposited between 3,390 
and 3,640 CalBP (calibrated years before present) suggesting a Late Holocene age for the 
swamp. A wood sample found in the gully overlying colluvium and buried beneath peat was dated 
as 2,470 to 2,750 CalBP confirming this age. A distinctive ash layer, of approximately 20 cm 
thickness is exposed on both sides of pool B and in the gully. Radiocarbon dating of wood and 
charcoal above and below the unit constrains the age to be between 1,930 and 2,710 CalBP. The 
exact origin of this layer is unknown but the fact that such a unit is preserved suggests a 
significant fire event in the catchment and over the swamp around 2,200 years BP.  
 
The surface peat layer appears to extend or blanket the adjacent colluvial slopes on the western 
side of the swamp. This is also seen in the exposure of the eastern margin in the gully 
downstream of the pool. The cross section through the pool and gully suggests that the swamp is 
inset within the colluvial material and may have been initiated following an erosion event which 
scoured the valley floor to bedrock. The surface morphology of the swamp at this location 
suggests that peat buildup was thickest in the centre and drainage was largely confined to the 
margins of the swamp. This interpretation may explain the erosion of the gully along the eastern 
margin of the swamp downstream of pool B. 
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Rainfall analysis 
 
An analysis of daily rainfall from the Browns Road gauge (Meteorological no. 568061) located on 
the ridge along Fire Road 6A, is presented below (Tables 4a to 4c). Browns Road was selected 
as it is less than 500 m north of Swamp 18 and can give a good estimate of rainfall at the swamp 
despite the difference in topographic position. Two data sets from the gauge were sourced from 
SCA (daily totals and tipping bucket), to extend the period of record from 4/02/1964 to 11/07/2005 
(41.5 years). 
 
Fifteen major rainfall events of greater than 200 mm occurred throughout the 41-year record, the 
largest in March 1978 when 747.5 mm of rain fell in 3 days (Table 4b). The distribution of events 
is evenly spread across all months of the year. The seven largest events recorded daily rainfalls 
of greater than 200 mm in 24 hrs and the maximum daily rainfall recorded was 338.6 mm on 6 
August 1986 (Table 4a). 
 
Table 4a. Maximum daily rainfall recorded above 208.4 mm (0.05 percentile or 1 in 5 year storm 
recurrence interval) 

Date Rainfall (mm day-1) 
6/08/1986 338.6 

19/03/1978 332.8 
11/06/1964 295.3 
30/04/1988 236.5 
24/10/1987 226 
7/11/1984 211 

20/03/1978 208.4 
 
Table 4b. Major rainfall events lasting 2 or more days 
Rank Date Rainfall 

1 18 - 20 March 1978 747.5 mm in 3 days (849.6 mm in 5 days) 
2 9 – 12 June 1964 684.2 mm in 4 days 
3 6 – 8 August 1986 507.5 mm in 3 days 
4 28 – 30 April 1988 402.5 mm in 3 days 
5 5 – 8 November 1984 401 mm in 4 days 
6 20 – 22 June 1975 389.6 mm in 3 days 
7 9 – 11 June 1991 369 mm in 3 days 
8 31 July – 2 August 1990 336.5 mm in 3 days 
9 16 – 18 August 1998 308 mm in 3 days 
10 9 – 10 February 1992 299 mm in 2 days 
11 2 – 4 February 1990 267.5 mm in 3 days 
12 8 – 9 December 1970 254.6 mm in 2 days 
13 11 – 13 December 1991 246.5 mm in 3 days 
14 7 – 8 August 1998 216 mm in 2 days 
15 23 – 24 October 1999 211 mm in 2 days 

 
Table 4c. Comparison of rainfall events for 3 years following the 1968 and 2001-02 wildfires  

 1968 wildfire 2001-02 wildfire 
1st rainfall event 154.3 mm on 15 – 16 April 1969 

(~ 230 days after fire) 
158.5 mm on 4 – 6 February 

2002 (14 days after fire) 
Maximum daily rainfall 142.8 mm on 8/12/1970 116 mm on 28/03/2002 
No of days of rainfall 542 339 
Total rainfall (mm) 3482.7 2274 

 
A comparison of rainfall up to three years after the 1968 and 2001-02 fires (Table 4c) revealed 
that both experienced large rainfall events of similar magnitude (~ 150 mm in 3 days). However, 
these events fall well short of the largest on record (see Table 4b). The first rainfall event 
following the 1968 fires occurred 7 – 8 months later, whereas the first rainfall event following the 
2001-02 fires occurred just two weeks later. The three years after the 1968 fires were 
considerably wetter than the same period following the 2001-02 fires and the maximum daily 
rainfall was slightly higher. 

Technical Report 2. Upland swamp development and erosion on the Woronora Plateau                    19 



 

3.5. Interpretation and key points 
 
The layered stratigraphy of Swamp 18 suggests that it formed through the gradual infilling of 
sediments, commencing firstly with sands at around 4,000 years BP then later becoming 
increasingly organic rich to the surface peat as the water holding capacity of the swamp 
developed. The surface peat unit appears to have grown outwards, blanketing the underlying 
bedrock (including the steps) and the adjacent lower colluvial hillslopes. The relatively thick ash 
layer in the centre of the profile is an interesting feature which suggests an extreme fire event(s) 
in the catchment and burning of an abundant fuel load at around 2,200 years BP. The capture 
and preservation of the ash layer within the swamp suggests that it was acting as a good 
sediment trap at this time, but this is the only such event recorded. The ash suggests that a 
particularly severe fire was followed by erosion, transport and deposition across the swamp 
surface to preserve this layer. The stratigraphy of Swamp 18 does not show any evidence of cut 
and fill events, which is in contrast to Drillhole Swamp. However, it possible that older sediments 
(pre- Mid Holocene) existed but were excavated prior to the present phase of infilling. The current 
gully extends for a distance of approximately 800 m through the swamp, but even in the lower 
extension it has not resulted in the whole scale removal of swamp sediments. Hence, we would 
expect to find remnants of older swamp materials if this was the case. 
  
An important observation which has not been recognized previously but has implications for 
analysis of the current erosion is that in 1951, Swamp 18 was more extensive and included a 
continuous, intact swampy unit infilling the valley of Native Dog Creek for several hundred meters 
downstream of the main body of the swamp to link with Swamp 19. Furthermore, the gully erosion 
of the lower extension of the swamp had commenced before 1951 and had reached the main 
body of Swamp 18 by 1990. This was well before known underground coal mining before the 
1968 and 2001-02 wildfires. Thus the gully had been active for over 50 years prior to the post- 
2001-02 fire erosion event.  
 
Erosion of the main body of the swamp between pools A and B occurred between 27 October 
2001 and 22 February 2002 (period of 4 months). Analysis of the rainfall during this time showed 
that a reasonable event occurred on 4 – 6 February 2002 (maximum daily total of 76 mm and a 
cumulative total over the 3 days of 158.5 mm). However, neither the maximum daily total nor the 
cumulative total, were amongst the largest on record and would be considered sufficient to trigger 
an extreme erosional response. It seems likely that rainfall intensity is more of a controlling factor 
than daily totals (but we cannot evaluate this with the existing data). Alternatively, it could be the 
duration between the fire and the first threshold breaching (effective) rainfall event that is most 
significant. If the latter it might seem that the magnitude of the effective rainfall event increases 
with time since the fire and regeneration of vegetation. Earth Tech (2005) modelled the impact of 
fire on shear stress in Swamp 18 and found that thresholds were lowered so that scour would 
occur under most flow events. Whilst we cannot assess post-fire erosion following the 1968 fires 
due to the lack of constraint in determining the periods of gully erosion of the lower extension 
between 1951 and 1990, we can say that erosion of Swamp 18 does not appear to be solely 
linked to wildfires. It appears that the 2001-02 wildfire had an enhancing effect on the rate of 
erosion, which was already well advanced for many decades in Swamp 18. 
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4. FLAT ROCK SWAMP 
 
4.1. Location 
 
Flat Rock Swamp is located on Waratah Rivulet in the headwaters of the Woronora catchment 
(150° 56’ 2”; 34° 12’ 53”) (Figure 12). Access is via Fire Road 9H. The swamp fills the narrow 
valley floor of Waratah Rivulet for a distance of approximately 1 km. The swamp occurs on 
Triassic Hawkesbury Sandstone at an elevation of 225 to 245 m. Rainfall is high (average 1400 
mm a-1) due to the close proximity to the Illawarra Escarpment. 
 

 
Figure 12. Knickpoint and gully in Flat Rock Swamp, looking upstream. 

 
 
4.2. History of disturbance to the swamp 
 
Underground coal mining 
 
Flat Rock Swamp is underlain by two collieries, Metropolitan (Helensburgh) at the lower 
(northern) end, and Darkes Forest (Coal Cliff) at the upper (southern) end of the swamp. The 
Metropolitan Colliery was one of the earliest mines in the southern coalfield. The principle method 
of extraction was bord and pillar until July 1995 when longwall mining commenced (B. Huuskes 
pers. comm., 2005). The first longwall to undermine the northern half of Flat Rock Swamp was in 
September 2002. This was followed by three longwalls which are located progressively further to 
the north and west, beneath Waratah Rivulet, the most recent of which commenced in April 2005 
(B. Huuskes pers. comm., 2005). Metropolitan Colliery and SCA staff first noticed cracks in the 
bedrock in Waratah Rivulet at the end of 2003 (B. Huuskes pers. comm., 2005). No cracking has 
been observed in Flat Rock Swamp. The Darkes Forest Colliery commenced in the 1970’s 
although no history on the methods of extraction of impacts is known at this stage. 
 
Wildfires 
 
Flat Rock Swamp has experienced three major wildfires and a hazard reduction burn since 1964 
(Table 5). Air photos captured a few weeks after the 2001-02 wildfires show that the surrounding 
hillslopes and ridge tops were severely burnt. Vegetation in the swamp was also severely burnt 
but regenerated quickly. 
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Table 5. Chronology of wildfires at Flat Rock Swamp (source: SCA, unpublished data) 
Year Cause Ignition date Extinguish date 
1965 Wildfire caused by arson 26/9/65 No data 
1968 Wildfire caused by artillery fire 28/10/68 No data 
1995 Hazard reduction burn 5/8/95 No data 

2001-02 Wildfire triggered by transformer explosion 28/12/01 6/01/02 
 
4.3. Previous work 
 
Previous work on Flat Rock Swamp was undertaken by Groundtruth Consulting (2002) who 
looked at erosion in the swamp and on the adjacent hillslopes following the 2001-02 wildfire. They 
found that the first rainfall event after the fire resulted in significant movement of ash, leaves and 
charcoal on the slopes forming litter dams which trapped eroded mineral soil. Subsequent heavier 
rainfall in February 2002 breached the litter dams releasing the soil which was deposited on the 
swamp. They also report evidence for a phase of gully erosion in the lower half of the swamp 
prior to the 2001-02 wildfire. 
 
4.4. Methods and results 
 
Changes in swamp morphology since 1947 
 
Air photo interpretation was undertaken using a series of photographs dating back to 1947 
(Figure 13; see Appendix 1 for details). To determine the current morphology of the swamp, an 
on-ground survey was carried out using a GPS and topographic maps. The aim of the 
investigation was to determine any changes in swamp morphology since 1947 and identify the 
timing of gully erosion. The air photos reveal the following: 
 
• In 1947, Flat Rock Swamp was continuous with an extensive series of disconnected pools. 

The main pool leading into the swamp was almost 100 m in length and 10 – 20 m wide. A 
smaller swamp upstream of the main body was present.  

 
• In 1982, most of the smaller pools in the swamp were dry. The remaining larger pools 

appear to have decreased in size except the main pool leading into the swamp which 
extended further into the swamp. Drainage through the smaller swamp upstream had 
become channelised leading to the establishment of forest vegetation.  

 
• The 1990 air photo shows the persistence of the large pools. The two pools in the centre 

appear to have become linked by a small channel.  
 
• In 2002, several changes to the swamp are evident. Many of the pools in existence in 1947 

in the lower part of the swamp had become linked by gully erosion to form a continuous pool 
– channel sequence over 400 – 500 m (P. Mitchell, pers. comm., 2006). The main pool 
leading into the swamp had increased in size and several of the pools attached to this pool 
in 1947 reappeared. The boundary of the mid-section of the swamp also changed, probably 
in response to channelisation and better drainage leading to encroachment of the forest 
vegetation at the margins.  

 
• The current (2005) morphology of the swamp shows significant changes since 2002. A large 

gully system has developed which has linked and drained the remaining pools in the upper 
part of the swamp. Two knickpoints within peat are presently located at positions 1 and 3 in 
Fig. 13. A third knickpoint in an upper sand unit appears to have progressed upstream 
beyond the limits of the upper swamp. Downstream of the gully is a large sand splay that 
covers the breadth of the swamp surface and extends to the confluence with Flat Rock 
Creek. 
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Figure 13. Changes in morphology of Flat Rock Swamp between 1947, 1982, 1990, 2002 and 
2004/05. Note the progressive linking of pools until 2004 when a continuous gully had formed 
through the centre of the swamp, terminating in a sand splay at the lower end. 
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Swamp stratigraphy 
 
The stratigraphy of Flat Rock Swamp was assessed using the sediments exposed in the current 
gully. Three exposures were logged to show downstream changes and radiocarbon dates were 
taken from the third exposure to indicate the timing of deposition of key sedimentary units. The 
descriptions of sediments are shown in Figure 15 (for locations see Fig. 13). 
 
Flat Rock Swamp is infilled with a thick basal peat layer which sits on top of weathered sandstone 
in the valley floor and colluvium at the margins. The peat layer contains abundant wood and 
charcoal which gave a radiocarbon age of between 1,500 to 2,000 years CalBP. Overlying the 
peat is a grey sand unit, composed of alternating lenses of sand and organics. The unit thins 
downstream suggesting that it forms a wedge over the peat surface. The age of this unit is 
around 800 – 900 years CalBP. The surface unit in Exposures 1 and 2 is a brown sand. At the 
base of the unit in Exposure 2 is an organic layer consisting of charcoal, roots and uncharred leaf 
and bark fragments. Similar sediments of increasing thickness were found exposed in the upper 
knickpoint and banks upstream.  
 
At the upper knickpoint, the peat has been cut to bedrock and infilled with charred and uncharred 
plant fragments including large tree branches and limbs which are aligned in a downstream 
direction (Figure 14). The exact timing of the cut and fill event is unknown, but stratigraphically 
the unit appears to be less than 800 years.  
 

 
Figure 14. Cut and fill channel within peat and overlying bedrock, exposed in the upper 
knickpoint at Flat Rock Swamp. 
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Figure 15. Description of sediments exposed in the gully at Flat Rock Swamp 
Exposure 1. Right bank of gully upstream of the main knickpoint 
0 – 36 cm: Brown sand 
 
36 – 160 cm: Grey sand with thin, irregular lenses of clean sand and 
organics 
 
 

 

 
 
160 – > 300 cm: Organic rich peat (clay loam) infilling the valley floor and 
overlying colluvium 
 

Exposure 2. Right bank of gully downstream of the main knickpoint 
0 – 35 cm: Brown sand 
 
35 – 125 cm: Paler brown sand with grey sand bands and copious 
charcoal especially between 80 – 125 cm 
125 – 140 cm: Organic layer with charcoal, roots and uncharred leaf and 
bark fragments 
140 – 230 cm: Mixed unit composed of: 

140 – 195 cm: Organic rich sand unit coarsening upwards 
195 – 202 cm: Coarse sandy unit 
202 – 220 cm: Dark peaty layer 
220 – 230 cm: Sandy unit 

 

 
 
230 – > 400 cm: Organic rich peat unit (clay loam) infilling the valley floor 
and overlying colluvium 
 

Exposure 3. Left bank of gully downstream of the main knickpoint 
0 – 25 cm: Thin peaty unit 
25 – 45 cm: Grey sand with abundant charcoal 
* radiocarbon age (D): 740 – 920 years CalBP (charcoal) 

 

 
45 – approx 180 cm: Organic rich peat (clay loam) with charcoal 
intermixed overlying colluvium 
* radiocarbon age (D): 1,610 – 1,870 years CalBP (wood) 
                                    1,730 – 1,950 years CalBP (charcoal) 
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Rainfall analysis 
 
An analysis of daily rainfall from the Darkes Forest gauge (Meteorological no. 568090) located 3 
km west of Flat Rock Swamp, is presented in Tables 6a to 6c. The Darkes Forest gauge was 
chosen because of the long, single record, which extends from 1/04/1894 to 29/04/2004 (110 
years) (2004/05 data was not available at the time of this report). The record was compared with 
the Reverces gauge (Meteorological no. 568069) located 3 km north of the swamp to check for 
consistency and provide rainfall information where data gaps exist. Fifty-six major rainfall events 
of greater than 200 mm occurred throughout the 110 years of record at the Darkes Forest gauge 
(Table 6b and Appendix 2). The largest event occurred in November 1961 when 735.2 mm fell in 
4 days. This event also recorded the largest daily rainfall total of 340.2 mm (Table 6a). 
 
Table 6a. Maximum daily rainfall recorded above 165.1 mm (0.05 percentile or 1 in 5 year storm 
recurrence interval) 

Date Rainfall (mm day-1) 
18/11/1961 340.2 
9/02/1992 301.9 

10/02/1956 237.5 
19/03/1978 223.1 
07/02/1895 217.1 
22/01/1933 216.6 
10/06/1991 208.7 
17/08/1998 196.9 
18/02/1959 192.6 
19/11/1961 185.3 
9/02/1956 184.2 
5/08/1986 184 

21/02/1954 181.4 
14/06/1952 180.8 
13/11/1969 176.6 
29/04/1988 176.6 
13/02/1898 175.4 
30/08/1996 171.7 
14/10/1942 165.7 
16/04/1927 165.1 
15/05/1943 165.1 

 
Table 6b. Major rainfall events lasting 2 or more days (> 350 mm shown; for < 350 mm events 
see Appendix 2) 
Rank Date Rainfall 

1 17 – 20 November 1961 735.2 mm in 4 days 
2 8 – 10 February 1992 573 mm in 3 days 
3 15 – 19 April 1927 518 mm in 5 days 
4 9 – 12 June 1991 504.8 mm in 4 days 
5 18 – 21 March 1978 503.4 mm in 4 days 
6 9 – 11 February 1956 501 mm in 3 days 
7 15 – 18 August 1998 481.6 mm in 4 days 
8 4 – 7 August 1986 451.3 mm in 4 days 
9 14 – 17 May 1943 470.5 mm in 4 days 
10 14 – 18 June 1949 445.9 mm in 5 days 
11 12 – 15 October 1942 426.2 mm in 4 days 
12 11 – 14 December 1991 403.3 mm in 4 days 
13 6 – 8 December 1897 394.4 mm in 3 days 
14 28 – 30 April 1988 385.2 mm in 3 days 
15 17 – 20 January 1951 379.6 mm in 4 days 
16 4 – 6 July 1900 369.9 mm in 3 days 
17 22 – 23 January 1933 357.3 mm in 2 days 
18 9 – 12 June 1964 356 mm in 4 days 
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Table 6c. Comparison of rainfall events for 3 years following the 1965, 1968 and 2001-02 
wildfires  

 1965 wildfire 1968 wildfire 2001-02 wildfire 
1st rainfall event 180.9 mm on 16 – 18 

October 1965 (~ 21 
days after fire) 

258.3 mm on 14 – 16 
April 1969 (169 days 

after fire) 

238.1 mm on 4 – 6 
February 2002 (30 

days after fire) 
Maximum daily 

rainfall 
135 mm on 8/11/1966 176.6 mm on 

13/11/1969 
123.4 mm on 

4/04/2004 
No of days of rainfall 476 510 377 
Total rainfall (mm) 3504.6 3825 2628.8 

 
A comparison of the rainfall events occurring within three years after the 1965, 1968 and 2001-02 
wildfires (Table 6c) showed that reasonable rainfall events occurred within the first month after 
the 1965 and 2001-02 fires, and within 5 – 6 months after the 1968 fire. The magnitude of these 
events was not significant compared with the largest recorded events (ranked 47 or less). 
However, the 1968 event did record a daily rainfall total which is ranked within the highest on 
record and has at least a 1 in 5 year recurrence interval. Overall, the three years following the 
1965 and 1968 fires were wetter than the same period following the 2001-02 fires. 
 
4.5. Interpretation and key points 
 
The formation of Flat Rock Swamp appears to be very recent i.e. less than 2,000 years CalBP 
(Late Holocene). The basal peat formation seems to coincide with the timing of peat formation in 
other swamps including Swamp 18 and Wingecarribbee Swamp to the south of the plateau (G. 
Hope pers. comm. 2005) suggesting that there may be a regional climatic link in the development 
of this unit, rather than a feedback mechanism determined by the build up of sediments and 
raising of the water table which is thought to apply to the other swamps. Alternatively, there may 
be sandy basal sediments underlying the peat layer in the lower part of Flat Rock Swamp, and 
the swamp (peat) has grown through expanding and backfilling the valley upstream. Because the 
lower part of the swamp is covered by the sand splay we were not able to assess the 
stratigraphy. A series of auger holes through the swamp to the confluence with Flat Rock Creek is 
required to resolve this. 
  
The sand wedge overlying the peat, deposited at around 800 years BP, indicates a major erosion 
event or period of erosion within the catchment at around this time. This was followed soon after 
by the cut and fill event in at least the upper part of the swamp which must have occurred 
relatively rapidly over a timeframe of a few hundred years. The fact that the organic material 
infilling the channel is mostly unburnt provides evidence against a post-fire erosion scenario. 
Furthermore, this material was not burnt during the 2001-02 fires because the pool appeared to 
be full of water. 
 
The cut and fill channel provides good evidence that the current gully through Flat Rock Swamp 
is not the first within the sedimentary record. The gully appears to have formed through the 
development of channels and connection of pre-existing pools which progressively formed over 
time, commencing between 1982 and 1990, extending to 2002, and finally connecting throughout 
the length of the swamp by 2005. The erosion through the upper sand wedge has resulted in 
deposition of a sand splay across the lower part of the swamp, infilling the earlier pool – gully 
network.  
 
The timing of the main section of gully erosion which resulted in connection of the lower gully with 
the upper network of pools is very recent and occurred around fifteen years after the swamp first 
started to erode. It is clear that the 1965 and 1968 wildfires did not trigger erosion of the swamp 
and nor did the first rainfall event following the 2001-02 wildfires (compared with Swamp 18). The 
erosion of the main section of the gully however, did occur progressively in response to several 
minor – moderate rainfall events which occurred between February 2002 and November 2004 
(Figure 16; Table 7) (P. Mitchell pers. comm., 2006). The rainfall events led to failure of litter 
dams on the bare slopes which increased runoff velocities beyond those of vegetated slopes. The 
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burnt and desiccated peat in the swamp may have facilitated the formation of knickpoints (P. 
Mitchell pers. comm., 2006). 
 
Mine related subsidence may be a contributing factor to the main gully erosion since longwall 
mining commenced under the lower part of the swamp in September 2002 and surface cracking 
was noticed in late 2003. However, subsidence does not explain the erosion of the lower part of 
the swamp between 1990 and 2002, unless the impacts from mining under the upper part of the 
swamp (~ 1970’s) extended over a greater area at the surface.  
 
 

 
Figure 16. Rainfall at Flat Rock Swamp following the 2001-02 wildfires. Symbol A indicates the 
date of the fire, B indicates the date of the 2002 air photo and C indicates the date of the 2004 
air photo. Note the seven large rainfall events including the event 2 weeks after the fire. Unlike 
Swamp 18, the first rainfall event after the fire (and before timing of the 2002 air photo) did not 
result in erosion of the swamp. 
 
Table 7. Comparison of rainfall events shown in Figure 16 following the 2001-02 wildfires at Flat 
Rock Swamp 

Maximum daily rainfall (mm day-1) Cumulative total rainfall (mm) Rainfall event 
Darkes Forest Reverces Darkes Forest Reverces 

4 – 6 February 2002 101.6 86.5 238.1 166 
28 – 30 March 2002 76.7 58 163.4 104.5 
13 – 16 May 2003 No data 71.5 No data 212 
3 – 5 April 2004 123.4 150 266.7 203 

1 – 2 October 2004 51 74 79.2 74 
20 – 21 October 2004 66.4 63.5 118.7 63.5 
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5. DISCUSSION 
 
Three upland swamps on the Woronora Plateau were investigated to determine the history of 
swamp development and erosion during the Holocene. These swamps are just a few of a number 
that are currently experiencing gully erosion (mostly valley filling swamps). In the introduction of 
this report, we posed five key research questions which guided our investigation of the three 
swamps. The following discussion now addresses these questions. 
 
5.1. Upland swamp initiation and development during the Holocene 
 
The radiocarbon ages obtained from the swamps, combined with those provided by Young 
(1986b) for Drillhole Swamp, shows that the initiation of swamps on the Woronora Plateau 
occurred in the Late Pleistocene and throughout the Holocene. The youngest swamp, Flat Rock 
Swamp, has developed in the last 2,000 years, although it is possible that older sediments lie 
undiscovered beneath the lower (northern) part of the swamp. Basal sediments overlying bedrock 
in Swamp 18, also gave a young age of less than 4,000 years BP. The ages of the swamps on 
the Woronora Plateau are consistent with ages obtained from upland swamps on the Hornsby 
Plateau and Blue Mountains Plateau (Table 8). The oldest dates from the Loddon River on the 
Woronora Plateau and Leura Falls Creek on the Blue Mountains Plateau indicate that some 
swamps began developing at the end of the Last Glacial Maximum (Stockton and Holland 1974; 
Young 1986a). Other swamps developed later throughout the Holocene, although not 
concurrently.  
 
The controls on swamp initiation and development are commonly cited as regional climate, gentle 
topography, low slope and low stream power (e.g. Young 1986a). But the controls on where a 
swamp forms along a valley remain unknown. To generate a swamp (or valley fill) there must be 
a supply of sediment and a localised trapping mechanism. In the three swamps investigated in 
this study, we have observed similar patterns in which the streambed longprofiles (bedrock) are 
irregular (stepped or pool – riffle sequences) and the basal units contain abundant large pieces of 
timber. It is possible that some swamps, particularly the valley filling swamps, initially form due to 
blockages of large woody debris and / or through infilling of the irregular bedrock topography. 
Once initiated, the swamps appear to be self-reinforcing, trapping more sediment, raising the 
water table and fostering the growth of organics and formation of peats. Therefore, the initiation of 
swamps throughout the Late Pleistocene - Holocene may linked to regional climate through its 
impact on sediment supply, vegetation structure (supply of large woody debris) and groundwater 
hydrology (growth of peats). 
 
There may also be a link between the age of the swamps and catchment area / landscape 
position. Drillhole Swamp, a headwater swamp that began around 12,000 years BP, has the 
smallest catchment area of 1.1 km2, whereas Flat Rock Swamp, a valley filling swamp appears to 
have commenced around 2,000 years BP and has the largest catchment area of 5.6 km2. It may 
be that the headwater and catchment divide swamps on the Woronora Plateau are older due to 
better preservation potential of sediments. Stream power within these swamps is likely to be low 
especially where they have formed on slopes < 5° and catchment areas are < 1 km2. Whereas, 
valley filling swamps formed in second and third order streams such as Swamp 18 and Flat Rock 
Swamp have larger catchments and greater stream power potential particularly during intense 
rainfall events. It is possible that the valley filling swamps are subject to episodic filling and 
flushing of sediments over timescales of thousands of years. The current erosion process of 
gullying, however, shows that only a narrow slice of the swamp is removed, rather than complete 
removal of all sediments. This scenario of cycles of cut (gully erosion) and fill is similar to that 
reported from valley fills in southeastern Australia (e.g. Prosser 1987; Prosser et al. 1994; Fryirs 
and Brierley 1998). 
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Table 8. Basal ages of upland swamps on the Woronora Plateau (WP), Hornsby Plateau (HP) 
and Blue Mountains Plateau (BMP) 

Swamp Basal depth (cm) Material Age (years BP) 
1Loddon River (WP) 80 Organic sand 290 ± 70 
1Loddon River (WP) 190 Organic sand 16,950 ± 140 

1Martins Swamp (WP) 160 Organic sand 4,320 ± 60 
1Martins Swamp (WP) 340 Organic sand 6,820 ± 90 

1O’Hares Swamp (WP) 180 Organic sand 3,970 ± 70 
2Flying Fox Creek C1 (WP) 380 Charcoal 8,470 ± 130 
2Flying Fox Creek C1 (WP) 380 Wood 8,950 ± 130 
2Flying Fox Creek C3 (WP) 320 Wood 8,850 ± 190 
2Flying Fox Creek CP (WP) 465 Wood 11,650 ± 170 
2Flying Fox Creek CP (WP) 465 Charcoal 11,710 ± 280 

3Flying Fox Creek (WP) 375 Wood 12,870 ± 70 
3Swamp 18 (WP) 268 Charcoal 3,336 ± 43 

3Flat Rock Swamp (WP) 150 Wood 1,867 ± 35 
3Flat Rock Swamp (WP) 150 Charcoal 1,974 ± 37 

4Dahlia Swamp (WP) 230 Charcoal 6,940 ± 140 
5Salvation Creek (HP) 240 Peat 5,000 - 6,000 

6Upper Mangrove Creek* (HP) 285 Unknown 5,520 ± 280 
6Upper Mangrove Creek* (HP) 300 Unknown 6,920 ± 90 
6Upper Mangrove Creek* (HP) 395 Unknown 7,390 ± 110 

7Lawson Creek (BMP) 134 Sandy peat 4,110 ± 100 
7North Katoomba Creek (BMP) 146 Sandy peat 7,350 ± 160 
7North Katoomba Creek (BMP) 155 Charcoal 5,660 ± 500 

7Katoomba Creek (BMP) 107 Sandy peat 9,750 ± 150 
7Leura Falls Creek (BMP) 210 Sandy peat 17,050 ± 600 

1Young (1986a) 
2Young (1986b) 
3This report 
4Dury and Landford-Smith (1968) 
5Kodella and Dodson (1989) 
6Sullivan and Hughes (1983) 
7Stockton and Holland (1974) 
* indicates valley fills rather than swamp 
 
5.2. Swamp stratigraphy and evidence for previous cut and fill events  
 
A significant finding of this investigation is the variability in swamp stratigraphy. It is evident that 
there is a great diversity in swamps and that reconstructing the sedimentary record at one swamp 
does not necessarily apply to other swamps on the Woronora Plateau or further afield. This is in 
contrast to Young’s (1986a; 1986b) and Gibbin’s (2003) approach. Drillhole Swamp and Swamp 
18 both have sandy basal sediments with peat development much higher up in the profile, In 
contrast, Flat Rock Swamp shows a very thick basal peat layer which blankets the underlying 
bedrock and is overlain by a wedge of sand. Additionally, Swamp 18 shows an unusual ash layer 
deposited at around 2,200 years BP which is not recorded in the other swamps, although the ash 
layer is inferred to record a significant fire event in the catchment. This event is likely to have 
impacted on Drillhole Swamp just 2 km to the south-east, but may not have been preserved in the 
swamp stratigraphy.  
 
The timing of peat formation, however, appears to be correlatable across the swamps and with 
the Wingecarribee Swamp to the south of the Woronora Plateau. Peat development has been 
recorded in Wingecarribbee Swamp at from at least 2,500 years up to the present (G. Hope pers 
comm.. 2005). This is consistent with the peat development in Swamp 18 and Flat Rock Swamp 
and suggests a possible climatic trigger of moister conditions in the Late Holocene.   
 
The timing of initiation and thickness of sediments in the swamps suggests that infilling can 
proceed very rapidly, both through the growth of peat and deposition of sands from the stream 
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network and adjacent hillslopes. All of the swamps show layered stratigraphy indicating 
conformable deposition and all show the expansion of peat units to blanket the surrounding 
hillslopes. Hence, it is reasonable to expect that the swamps also grow in the upstream direction 
through backfilling. The stratigraphy in Drillhole Swamp suggests that deposition in the swamp is 
similar to an alluvial fan, with small channels depositing sediment on the swamp surface. The 
greatest thickness of sediment is found at the swamp margins where there is a break in slope and 
/ or loss of channel confinement. The sand wedge in the upper part of Flat Rock Swamp provides 
further evidence to support this conclusion. 
 
The evidence for cut and fill events in the swamps during the Holocene is well established. The 
gully exposures in Drillhole Swamp and Flat Rock Swamp have revealed several channels 
preserved within the stratigraphy, which are cut into older swamp sediments, or sometimes to 
bedrock. Due to the cross-sectional nature of the exposures we cannot say for certain whether 
the channels were continuous (i.e. gully) or discontinuous (pools). The current morphology of the 
swamps and the persistence of numerous, extensive scour pools which appear to be episodically 
linked to form a gully system provides a good analogy for these older erosional events. The 
sediments infilling the channels are consistent across the swamps and include small pebbles to 
sands and a large proportion of organics. The organic material consists of both burnt and unburnt 
material ranging in size from leaf fragments up to large pieces of wood. The sediments suggest 
that they were deposited under a high energy event during times when the catchment was well 
vegetated and had a high fuel load. The timing of these events is different in each swamp, but 
dates back throughout the Holocene, The oldest cut and fill channel in Drillhole Swamp occurred 
between 8,500 – 7,500 years whilst the channel in Flat Rock Swamp appears to less than 800 
years old. The timeframe over which the channels are cut and refilled suggests that the erosion 
episodes in the development of the swamps are very rapid. 
 
5.3. Current erosion event 
 
The existence of numerous scour pools (erosional features) within Swamp 18 and Flat Rock 
Swamp since at least the 1940’s is important finding, The evolution of the swamps over the last 
50 years reconstructed from the air photo record shows the progressive development of channels 
between the scour pools, which leads to eventual dewatering and gully formation. Hence, the 
location of the pools in the swamp appears to dictate the eventual path of the gully.  
 
The initial formation of the scour pools is important but unknown. The cross-section through the 
largest pool in Swamp 18 (pool B) shows that the pool formed in a topographic high in the peat, 
so it appears not to have formed along a pre-existing drainage line (unless this evidence has 
been removed). The depth of scour was to several meters but not to bedrock and extends for 
approximately 20 - 30 m downstream. The presence of the bedrock step above pool B in Swamp 
18 may have resulted in a localized increase in velocity which caused erosion of the sediment 
downstream. Alternately, the erosion commenced at the downstream end and extended upstream 
attenuating at the bedrock step. The relationship with the underlying bedrock in the other pools 
has not been determined. 
 
It is clear that the development of scour pools in the swamp surface is the first indication of a cut 
and fill event. It is not known whether pool spacing (frequency) plays an important role in 
determining whether the erosion is likely to develop into a continuous gully. The presence of the 
scour pools in Swamp 18 and Flat Rock Swamp in the 1940’s suggests that that these swamps 
were in an erosional phase prior to the more recent human disturbance. The presence or 
absence of scour pools in other swamps on the Woronora Plateau may be a good indicator of 
likely future gully erosion. 
 
5.4. Internal and external triggers of cut and fill events  
 
The differentiation in timing of cut and fill events in the upland swamps suggests that regional 
climate change is not a significant trigger, although climate does seem to initiate peat formation in 
the Late Holocene and also appears to be linked with development of swamps in the Late 
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Pleistocene - Holocene. Instead, it appears that the swamps erode in response to a unique 
occurrence of forces which are sufficient to breach internal thresholds, particularly the internal 
frictional resistance created by the size and cohesion of sediments combined with slope and 
vegetation cover. For sands and organic sands, the resistance is very low but erosion is governed 
by velocities required to entrain coarse particle size. For peats, the resistance is high due to root 
strength and in Flat Rock Swamp the peat is eroding in polygonal segments forming peat balls up 
to 50 cm diameter which act as bedload and roll down the channel.    
 
Severe rainfall events are the most likely trigger of erosion and the rainfall record across the 
Woronora Plateau reveals that extreme rainfall events have occurred within the last 40 years or 
more. For example, 545.5 mm of rainfall was recorded at the Upper Avon Gauge on 16 February 
1984 and rainfall events of greater than 700 mm over 3 – 5 days have been recorded at the three 
gauges investigated indicating that each of the swamps has experienced events of this 
magnitude. A rainfall event of 300 mm or greater in a few days would rapidly saturate the 
catchment including the swamps leading to substantial surface runoff. A very intense, short 
duration storm may also have the same effect on runoff especially if the catchment is already 
saturated, but due to the daily recording of rainfall, we are unable to assess rainfall intensity. 
 
A comparison of the timing of events at the three gauges shows that the very large magnitude 
rainfall events are widespread across the Woronora Plateau, impacting on all swamps. Analysis 
of the rainfall record, compared with the timing of erosion in the swamps however, showed that 
the largest events (on record) were not the trigger of erosion. For example, the largest rainfall 
event at Flat Rock Swamp occurred on November 1961 (735.2 mm in 4 days) but the 1982 air 
photo showed no erosion following this event and 9 others including the 1978 event which eroded 
Drillhole Swamp. Instead, erosion between the two main pools in Swamp 18 resulted from rainfall 
of just 158.5 mm in 3 days with a daily maximum of 76 mm, whilst erosion of the upper part of 
Flat Rock Swamp resulted from five or less rainfall events with daily maximums ranging from 51 – 
98.5 mm and the largest total of 266.7 mm in 3 days. Therefore, we can conclude that rainfall 
itself is not the main trigger of erosion events in swamps. 
 
5.5. Post-fire erosion of upland swamps 
 
Both Swamp 18 and Flat Rock Swamp have experienced significant erosion following the 2001-
02 wildfires in response to low magnitude rainfall events. It is also possible that the extension of 
the gully in Drilllhole Swamp occurred after the 2001-02 fires, but due to the lag in timing of the air 
photos we cannot confirm this. Analysis of erosion following the 1968 wildfires, however, revealed 
no erosion in Flat Rock Swamp or Drillhole Swamp despite two significant rainfall events in the 12 
months after. We cannot assess post-fire erosion in Swamp 18 other than to say that it was 
already in the process of eroding before and after the 1968 fires.  
 
The timing of erosion and the existence of many intact swamps on the Woronora Plateau 
following the 1968 and 2001-02 fires suggests that fires alone do not trigger erosion. Instead 
erosion does occur after fire in swamps which are already in the process of eroding. The erosion 
can be in response to very low magnitude rainfall events suggesting that the swamps are at or 
close to critical thresholds. One possibility is that the pre-existing erosion results in partial 
dewatering or drying of the surface of the swamp which results in greater burning of vegetation 
and swamp sediments during the fire (e.g. Swamp 18). In the uneroded swamps, moist conditions 
at the surface results in only scorching of the surface vegetation without impacting on the root 
systems and swamp strata. In those swamps that are in the process of eroding the fire must 
reduce surface roughness sufficiently to generate runoff velocities under low magnitude rainfall 
events which facilitates knickpoint retreat. 
 
5.6. Contemporary human impacts on upland swamps 
 
The 1947 – 1951 air photos show that the catchment areas were largely undeveloped, except for 
the water storage reservoirs. The current road networks in the vicinity of the swamps were absent 
indicating that typical impacts such as drainage and clearing of vegetation were negligible.   
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By 1964, the major roads and tracks through the catchment areas had been constructed along 
with exploration lines for mining which involved significant clearing of vegetation. By the 1970’s 
coal mining was underway under Drillhole Swamp resulting in subsidence in the swamp. Physical 
disturbance to the swamp through the Mining under Stored Water Enquiry, followed by bursting of 
a small dam during the 1978 rainfall event undoubtedly resulted in major gully erosion of the 
swamp.  
 
The impacts of mining on erosion of Swamp 18 and Flat Rock Swamp is less clear as both 
swamps were already in the process of erosion prior to the commencement of known mining and 
ground subsidence. It is possible that subsidence accelerated dewatering of Swamp 18 during 
the late 1990’s which enhanced burning during the 2001-02 wildfires. Alternatively, the gully 
erosion through the lower part of the swamp prior to 1990 could have drained the swamp 
sufficiently to cause a similar effect. A more intensive search of earlier mining records (which was 
beyond the scope of this project) is required to determine the status of underground coal mining, 
particularly in the 1940’s and earlier.  
 
 
6. CONCLUSIONS 
 
Upland swamps on the Woronora Plateau are resilient sediment storage features in the 
landscape. They contain sediments dating back from the Late Pleistocene and throughout the 
Holocene which provides a record of the history of swamp development spanning thousands of 
years. Analysis of the sedimentary record in three swamps was undertaken as part of a 
collaborative research project between Macquarie University and SCA to determine the 
depositional and erosional chronology, develop an understanding of swamp dynamics and 
assess the causes or triggers of erosion including the current episode of erosion seen in several 
swamps.  
 
The swamps are formed through the accumulation of sands sourced from the catchment 
combined with the growth of organics, tending to peat at various times governed by high water 
tables and moist conditions. The swamps appear to grow and blanket the surrounding hillslopes 
masking the underlying bedrock and colluvium.  
 
Infilling of the swamps is occasionally interrupted by brief periods of erosion. Erosion appears to 
commence through the formation of scour pools in the swamp surface which can become 
progressively channelised to form a continuous gully. The gully erosion removes a narrow slice of 
sediments, rather than the whole swamp, but nonetheless results in the rapid release of a large 
volume of sediments into the reservoirs downstream.  
 
The formation of the scour pools is a critical indicator of likely future gully erosion in the swamps. 
The trigger(s) and controlling factors of the scour pools including intrinsic thresholds are unknown 
but warrants further investigation. A research project which compares swamps with pools to those 
without may provide useful information.  
 
Extreme rainfall events (> 700 mm of rainfall over several days), are a likely trigger of the scour 
pools. The events in the modern record, however, occurred after formation of the scour pools and 
in some cases after commencement of gullying in the swamps so we are unable to draw any firm 
conclusions on thresholds of rainfall magnitude or intensity.  
 
Wildfires can lead to further erosion in swamps where gully erosion is already underway. At least 
two of the swamps investigated showed knickpoint retreat following the 2001-02 fires despite very 
low magnitude rainfall events. The sensitivity of the swamps to erosion after fire suggests that the 
fire has a significant effect on surface roughness and runoff velocities. This is in contrast to the 
uneroded swamps where the vegetation is scorched but quickly recovers. 
 
Human disturbance in the catchment, particularly direct physical disturbance such as at Drillhole 
Swamp has been found to be an important trigger of erosion of swamps. The impact of mine 
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subsidence, however is less clear. Both Swamp 18 and Flat Rock Swamp featured scour pools 
and gully erosion well before any direct effects of mining were observed. It may be likely that 
dewatering of swamps due to mining increases the sensitivity of swamps to other influences such 
as wildfires.  
 
 
7. ACKNOWLEDGEMENTS 
 
We thank Macquarie University honours students (Grant Taylor, Levi Roberts and Anne 
Ashworth), their field hands; and James Ray from SCA, who provided assistance with field work 
and analysis. We are also grateful to Clare Horsely (BHP Billiton), Gary Brassington (BHP 
Billiton) and Bill Huuskes (Metropolitan Colliery) for access to data and historical accounts of 
mining in the areas under the swamps. We also thank Peter Mitchell (Groundtruth Consulting) for 
access to data and for providing comments on an earlier draft of this report. 
 
 
8. REFERENCES 
 
Biosis Research, 2001, Habitat Assessment of Swamp 18, Biosis Research, Chippendale., p. 35. 
Dury, G. H., and Langford-Smith, T., 1968, Australian Geochronology: Checklist 3: Australian 

Journal of Science, v. 30, p. 304-306. 
Earth Tech, 2003, Swamps of the Woronora Plateau, Program 1: Understanding Swamp 

Conditions, Earth Tech Engineering Pty Ltd, Melbourne. 
—, 2005, Thresholds for Swamp Stability, Earth Tech Engineering Pty Ltd, Melbourne. 
Fryirs, K., and Brierley, G., 1998, The character and age structure of valley fills in Upper Wolumla 

Creek catchment, South Coast, New South Wales, Australia: Earth Surface Processes 
and Landforms, v. 23, p. 271-287. 

Gibbins, L., 2003, A geophysical investigation of two upland swamps, Woronora Plateau, NSW 
Australia: Unpub. Unpublished BSc (hons) thesis, Macquarie University. 

Groundtruth Consulting, 2002, Soil Erosion: Waratah Rivulet: Presentation provided to the 
Sydney Catchment Authority (unpublished). 

Kapp, W. A., 1980, A study of mine subsidence at two collieries in the Southern Coalfield, New 
South Wales: Proceedings of the Australasian Institute of Mining and Metallurgy, v. 276, 
p. 1-11. 

Kodela, P. G., and Dodson, J. R., 1989, A late Holocene vegetation and fire record from Ku-ring-
gai Chase National Park, New South Wales: Proceedings of the Linnean Society, NSW, 
v. 110, p. 317-326. 

Prosser, I. P., 1987, The history of Holocene alluviation in the Southeastern highlands of 
Australia: Search, v. 18, p. 201-202. 

Prosser, I. P., Chappell, J., and Gillespie, R., 1994, Holocene valley aggradation and gully 
erosion in headwater catchments, southeastern highlands of Australia: Earth Surface 
Processes and Landforms, v. 19, p. 465-480. 

Reynolds, R. G., 1976, Coal mining under stored water: report on an inquiry into coal mining 
under or in the vicinity of the stored waters of the Nepean, Avon, Cordeaux, Cataract and 
Woronora Reservoirs, New South Wales, Australia: Department of Public Works. 

Stockton, E. D., and Holland, W., 1974, Cultural sites and their environment in the Blue 
Mountains: Archaeology and Physical Anthropology in Oceania, v. 9, p. 36-65. 

Sullivan, M. E., and Hughes, P. J., 1983, The geoarchaeology of the Sydney Basin sandstones: 
Aspects of Australian Sandstone Landscapes, Robertson. p. 120-126. 

Young, A. R. M., 1986a, The geomorphic development of dells (Upland Swamps) on the 
Woronora Plateau, N.S.W., Australia: Zeitschrift fur Geomorphologie, v. 30, p. 317-327. 

—, 1986b, Quaternary sedimentation on the Woronora Plateau and its implications for climate 
change: Australian Geographer, v. 17, p. 1-5. 

Technical Report 2. Upland swamp development and erosion on the Woronora Plateau                    34 



 

Appendix 1. List of aerial photographs used to analyse changes in swamp 
morphology 
Drillhole Swamp 
2/11/1951 South Coast Catchments 1:17,000 Run 18, photo 100 
Dec 1964 NSW 1291 South Coast Dams 1:30,000 Run 8, photo 5076 
2/07/1979 NSW 2785 Wollongong 1:40,000 Run 8, photo 35 

25/09/1990 NSW 3753 Wollongong 1:16,000 Run 20, photo 19 
22/02/2002 NSW 4600 Wollongong 1:25,000 Run 12, photo 34 
Swamp 18 
2/11/1951 South Coast Catchments 1:17,000 Run 17, photo 149 
Dec 1964 South Coast Dams 1:30,000 Run 8, photo 5078 

25/09/1990 NSW 3753 Wollongong 1:16,000 Run 20, photo 18 
27/10/2001 Unknown (SCA data) Unknown Unknown 
22/02/2002 NSW 4600 Wollongong 1:25,000 Run 11, photo 55 
Flat Rock Swamp 

Jan 1947 Camden 1:15,000 Run 7, photo 96 
Run 8, photo 45 

23/05/1982 NSW 2990 Wollongong 1:16,000 Run 10, photo 25 
5/10/1990 NSW 3754 Wollongong 1:16,000 Run 10, photo 32 

22/02/2002 NSW 4599 Wollongong 1:25,000 Run 6, photo 180 
14/11/2004 NSW 4883 Illawarra 1:50,000 Run 1, photo 140 
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Appendix 2. Major rainfall events lasting two or more days and recording < 350 
mm at the Darkes Forest gauge 
(For events > 350 mm see Table 6b) 
Rank Date Rainfall 

19 13 – 15 June 1952 344.3 mm in 3 days 
20 10 – 13 June 1945 337.9 mm in 4 days 
21 12 – 14 February 1898 333.6 mm in 3 days 
22 30 – 31 August 1996 332.8 mm in 2 days 
23 9 – 11 March 1975 329.6 mm in 3 days 
24 15 – 18 June 1950 326.3 mm in 4 days 
25 27 – 29 March 1942 325.1 mm in 3 days 
26 22 – 25 May 1900 323 mm in 4 days 
27 20 - 22 February 1954 322.8 mm in 3 days 
28 19 – 21 June 1975 320.8 mm in 3 days 
29 26 – 28 August 1974 320.7 mm in 3 days 
30 31/07 to 2/08/1990 319.9 mm in 3 days 
31 2 – 4 February 1990 316.8 mm in 3 days 
32 31/01 to 2/02/1908 308.4 mm in 3 days 
33 13 – 16 January 1972 302 mm in 4 days 
34 18 – 19 February 1959 301.2 mm in 2 days 
35 19 – 21 June 1937 296.4 mm in 3 days 
36 5 – 8 November 1984 290.9 mm in 4 days 
37 17 – 19 August 1987 290.8 mm in 3 days 
38 17 – 19 July 1910 285.7 mm in 3 days 
39 10 – 12 March 1974 282.9 mm in 3 days 
40 9 – 11 May 1925 282.6 mm in 3 days 
41 13 – 14 November 1969 271.9 mm in 2 days 
42 8 – 9 December 1970 270.2 mm in 2 days 
43 2 – 4 March 1976 269.6 mm in 3 days 
44 3 – 5 April 2004 266.7 mm in 3 days 
45 9 – 11 March 1958 265.7 mm in 3 days 
46 3 – 4 July 1975 264.3 mm in 2 days 
47 14 – 16 April 1969 258.3 mm in 3 days 
48 30/07 to 1/08/ 1903 255.9 mm in 3 days 
49 6 – 8 December 1897 254.2 mm in 3 days 
50 12 – 13 January 1911 250.5 mm in 2 days 
51 4 – 6 February 2002 238.1 mm in 3 days 
52 17 – 18 May 1995 238 mm in 2 days 
53 22 – 23 January 1895 235.4 mm in 2 days 
54 23 – 24 October 1999 233.2 mm in 2 days 
55 8 – 9 November 1966 217.5 mm in 2 days 
56 9 – 10 January 1949 215.9 mm in 2 days 
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