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Alpine ecosystems are among Australia’s most remarkable, covering less than 1% of its land mass, and home to highly 
distinctive flora, fauna and landscapes with a long history and climatically varied since Tertiary uplift. Today, alpine 
ecosystems confront new pressures associated with human land use, invasions of alien plants, animals and diseases, 
altered bushfire regimes, recreational activities, and anthropogenic climate change. Maintaining Australia’s alpine flora, 
fauna and landscapes under such pressures requires a co-operative effort. 

This symposium aims to bring together new contributions on alpine environments across multiple disciplines: 

 Evolution and systematics
 Plant and animal ecology
 Geology and geomorphology
 Hydrology
 Fire and Invasion ecology

 Biogeography and paleo-history
 Climatology and climate change
 Biodiversity and geodiversity conservation
 Restoration ecology
 Cultural heritage and history

The scope of the symposium encompasses alpine and subalpine ecosystems across New South Wales, the Australian 
Capital Territory, Victoria and Tasmania. 
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The society exists to promote the cultivation and study of the science of natural history in all branches. The 
Society awards research grants each year in the fields of Life Sciences (the Joyce Vickery Scientific Research 
Fund) and Earth Sciences (the Betty Mayne Scientific Research Fund), as well as the William Macleay Scientific 
Research Fund for Microbiology. The Society offers annually a Linnean Macleay Fellowship for research, and 
publishes the Proceedings. It holds field excursions and scientific meetings including the biennial Sir William 
Macleay Memorial Lecture delivered by a person eminent in some branch of natural science.

Membership enquiries should be addressed in the first instance to the Secretary. Candidates for election to the Society 
must be recommended by two members. Membership fees and application form are available from our web site.

Papers are published at http://escholarship.library.usyd.edu.au/journals/index.php/LIN and access is free of 
charge. All papers published in a calendar year comprise a volume. 
Back issues from Volume 1 are available free of charge at www.biodiversitylibrary.org/title/6525.
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Over the past decade the Linnean Society of New South Wales has been active in 
organising field symposia highlighting aspects of natural history in the Port Macquarie 
area (2010), Royal National Park (2012), Jenolan Caves (2013), Belubula Valley (2015), 
Snowy Mountains (2017), and the Warrumbungles (2018). Our 2019 field symposium 
on the Blue Mountains has a slightly modified format to cater for public interest in this 
World Heritage region. A full-day field trip on Thursday 7th November will concentrate 
on the geology and botany of the western Blue Mountains. This will be followed by 
a day with presentation of 18 scientific papers focusing on current research into the 
geology and geodiversity, flora and fauna, and other aspects of natural history of 
the Blue Mountains region. The final day on Saturday 9th November will be a public 
information session on the natural history of the Blue Mountains and human impacts. 
Both days of talks will be held at the Springwood Sports Club auditorium. The focus 
of the symposium on all aspects of the geodiversity and biodiversity, as well as the 
cultural history, of the Blue Mountains is relevant to the re-evaluation of conservation 
values in the GBMWHA, currently underway.
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PROGRAM OF PRESENTATIONS – BLUE MOUNTAINS  SYMPOSIUM 2019

FRIDAY NOVEMBER 8
9:00 Registration
9:30 Armstrong Osborne (Sydney Univ.): The Challenges of recognising Geoheritage in the 

GBMWHA and Expanding the boundary Southwards
9:45 Chris Fergusson (Wollongong Univ.) & Peter Hatherly: Regional significance of the Blue 

Mountains uplift, NSW, Australia
10:00 Peter Hatherly: Implications of Rickabys Creek Gravel across the Lapstone Structural 

Complex
10:15 Kirsten L. Cowley (DoPIE) Martin Krogh & Kirstie A. Fryirs: Peatlands as water storage units 

under a changing climate 
10:30 DISCUSSION
10:40 MORNING TEA
11:15 David Goldney (Charles Sturt Univ.): The importance of swamps and Aboriginal wells for 

successful European and stock crossing using Cox’s Road between 1815 and 1832
11:30 Len Martin: Results of various palaeoenvironmental techniques 
11:45 Stephanie Hawkins (GSNSW), Erin Foate & Kelly Tucker: Geodiversity as the driver for 

biodiversity – a study of the Greater Blue Mountains World Heritage Area
12:00 Doug Benson (RBGS): Using species distributions and ecology to explore vegetation 

patterns in the Sydney area since the Last Glacial Maximum
12:15 David Coleby & Rae Druitt: Eucalyptus cunninghamii – an unexpected connection between 

Botany and Geology
12:30 Judy Smith & Peter Smith: The outstanding diversity of the terrestrial vertebrate fauna in 

the Greater Blue Mountains World Heritage Area
12:45 DISCUSSION
12:55 LUNCH
13:45 Peter Smith & Judy Smith: Decline of the Greater Glider Petauroides volans in the lower 

Blue Mountains
14:00 Anne M. Musser (JCRT): Biodiversity of Jenolan Karst Conservation Reserve: An Overview
14:15 Elizabeth Swallow (Wollongong Univ.), Heather Haines, Craig Woodward, Tim Cohen, Sam 

Marx:  A Mentum in Time -  Chironomids as Palaeotemperature Indicators at Thirlmere 
Lakes, NSW, Australia

14:30 Olivia M. Bernauer (Western Sydney Univ.): A year in the life of a Blue Mountains 
allodapine bee

14:45 Helen Smith (Australian Museum) Anne Musser & Tina Willmore: Advancing our 
Knowledge of the Spiders of Jenolan Caves 

15:00 DISCUSSION
15:10 AFTERNOON TEA
15:30 Angus M Robinson (AGC): Blue Mountains National Landscape and the National 

Geotourism Strategy
15:45 Scott D. Mooney (UNSW) & John Triantafilis: Characterising the carbon and water-

holding capacity of a small swamp in the Wolgan Valley (in the western Blue Mountains)
16:00 Mark Constantine IV (UNSW) & Scott D. Mooney: Fire, humans and climate: the fire 

history of the last ~300 years from the Wolgan Valley (in the western Blue Mountains)
16:15 DISCUSSION AND FINISH
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PROGRAM OF PRESENTATIONS – BLUE MOUNTAINS  SYMPOSIUM 2019

SATURDAY NOVEMBER 9

8:45 - Registration commences

9:30 - Welcome to country; Introduction

9:40 - Geology, Geomorphology -  John Pickett

10:30 - Vegetation and Flora - Tim Hagar

11:00 - Morning tea

11:30 - Mammals - Andrew Lothian

12:00 - Birds - Carol Probets

12:30 - Hydrology, Invertebrates (aquatics) - Grant Hose

13:00 - Lunch

14:00 - Archaeology and Aboriginal culture - Jim Smith

14:30 - Scientific exploration of the Blue Mountains - David Goldney

15:00 - Conservation issues in the Blue Mountains - Hayden Washington

15:30 - Fire in the Blue Mountains - Ross Bradstock

16:00 - Finish, Discussion & Afternoon Tea

2          Linnean Society of NSW 
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ABSTRACTS OF PRESENTATIONS
FRIDAY NOVEMBER 8

The Challenges of recognising Geoheritage in the GBMWHA and 
Expanding the boundary Southwards

Armstrong Osborne
1 Sydney School of Education & Social Work, The University of Sydney
2 Geosciences, Australian Museum, Sydney
3 Geological Society of Australia, NSW Geoheritage Co-Convenor
4 Member UNESCO WCPA

There has been significant discussion about up-grading the Nomination of the Greater 
Blue Mountains World Heritage Area to recognise the significance of the geology and 
landforms and expanding the boundary of the Area southwards to include Wombeyan 
Caves. Few members of the public are aware that the present nomination lists the 
“diversity of Eucalypt species” and some rare invertebrates at Jenolan Caves but not 
the well-known landforms such as the Three Sisters or the cliffs, canyons, gorges or 
even Jenolan Caves themselves, but somehow floats above the landscape.

Listing the geoheritage and expanding the GBMWHA to the south is a cause dear to my 
heart but just as few are aware of the present situation, I expect even fewer are aware 
of the particular difficulties involved in this endeavour.

While cultural sites appear to be easily listed as World Heritage and there is a plan for 
listing a particular percentage of different biomes as World Heritage, non-living natural 
sites (e.g. geoheritage) have to demonstrate that they are of Universal Significance 
by comparison with other sites of a similar type. This is a very difficult  and expensive 
criterion to demonstrate and requires support from considerable scientific evidence 
and detailed comparison. To give some idea of what is provided by states supporting 
nominations, one nomination for a cave I reviewed some years ago was supported 
300 papers in refereed journals. Small European countries put all available organs of 
government to the task because they recognise the financial value of tourism from 
World Heritage Listing.

For the Geoheritage significance of the  GBMWHA we not only have a serious research 
deficit we also  lack scientists in relevant fields and infrastructure to train new scientists 
to fill the gaps.

In order to compare the significance of the sandstone landforms with international 
sites such as the Bohemian Basin, and to complete the work of the late Robert Wray 
on Pagodas at least two senior sandstone landform specialists and support staff will be 
required. A similar lack of expertise exists with sandstone caves, canyons and the less-
known karst areas.

Without significant funding and the  establishment of a centre to teach and research 
in the relevant fields the listing of the geoheritage  and expansion of the GBMWHA will 
fail.
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Regional significance of the Blue Mountains uplift, NSW, Australia 

Chris Fergusson1 and Peter Hatherly2

1 School of Earth, Atmospheric and Life Sciences, University of Wollongong, NSW 2522
2 Lavendar Bay, NSW 2060

The eastern margin of the Blue Mountains uplift is well defined by the Lapstone 
Structural Complex (LSC) with elevations typically of 150 to 200 m but locally up 
to 600 m at Kurrajong Heights. The Lapstone Structural Complex consists of east-
facing monoclines and reverse faults that dip both east and west. The underlying 
controlling structure has been considered to form a west-dipping thrust associated 
with a triangle zone as evident in the LSC. In the southern part of the LSC, we have 
recently documented a west-dipping reverse fault (the Bargo Fault) associated with 
minimal fault damage and inconsistent with any suggestion that the LSC is related to 
normal faulting associated with passive margin development. East of and along the 
northern part of the LSC are gravels (Rickabys Creek Gravel) and clay (Londonderry 
Clay). Both these units are draped along the front of the monocline and are interpreted 
as folded during development of the LSC. Detailed mapping by one of us (PH) has 
demonstrated this conclusively and shown that the gravels do not occur in a series of 
terraces. The Londonderry Clay has formed from deposition in a lake caused by uplift 
of the Hornsby Plateau along the Hornsby Warp, damming the Nepean-Hawkesbury 
River system (Taylor, G., 1923, Jour Proc Roy Soc NSW 57, 58‒79; Hall, L., 1926, Proc 
Linnean Society NSW 51, 555-593; Carter, L., 2011, unpublished BSc(Honours) Thesis, 
University of Wollongong, https://ro.uow.edu.au/thsci/3/). The timing of formation of 
the Hornsby Warp is poorly constrained. The only suggestion in the literature is that 
it must have formed after 45 Ma as shown by the age of basalt overlying the Maroota 
Sands (Graham I. et al., 2010, Proceedings of the 37th Symposium on the geology of 
the Sydney Basin, Hunter Valley, NSW). This basalt is thus considerably older than the 
basalts in the Blue Mountains (20‒15 Ma) thereby complicating our understanding of 
the uplift history of the region.

The higher parts of the Blue Mountains uplift are at elevations of over 1000 m and 
overall they slope to the east at an angle of ca 1.5°. We consider that the latest phase 
of uplift in the Blue Mountains was associated with formation of the LSC and other 
structures including the Mt Tomah Monocline. Given the earlier phases of uplift 
associated with formation of the eastern highlands it is problematic to identify the 
limits of this younger phase of Blue Mountains uplift particularly in the west where it 
apparently merges with the Central Tablelands. The Blue Mountains uplift is compared 
to other intraplate uplifts including the Arabian Peninsula, the Colorado Plateau, West 
Papua, and the Nullarbor Plain. The enduring debate about the cause of the uplift of 
the Great Dividing Range of eastern Australia has become increasingly centred on the 
importance of mantle upwelling. The latest phase of uplift in the Blue Mountains is 
considered relatively young (5‒10 Ma) and superimposed on the more ancient uplifts 
in eastern Australia (Cretaceous and Paleogene). We consider that the younger phase 
of uplift of the Blue Mountains was related to Australia’s setting west of the Southwest 
Pacific convergent margin rather than mantle upwelling.
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Implications of Rickabys Creek Gravel across the Lapstone Structural Complex
 
Peter Hatherly1 
1 Retired member, Linnean Society of NSW

Along the Lapstone Monocline in the vicinity of Lapstone, is a band of river gravel 
that has given the name ‘Lapstone’ to this geological structure and also the town. 
The gravels are typically of cobble size (6-26 cm), well-rounded and mostly quartzitic 
in composition. They are similar to the extensive Rickabys Creek Gravel deposits on 
the Cumberland Plain. At locations such as the old zigzag railway cutting opposite the 
RAAF base at Glenbrook and the cuttings at the base of Mitchells Pass, they are semi-
consolidated but elsewhere, the deposits are present as scattered gravels strewn across 
the ground surface.

Early geological thinking was that these elevated gravels on the crest of the monocline 
and on the plain below indicated that the Nepean River was an antecedent river which 
predated the uplift of the monocline. However, this suggestion was later challenged 
by an alternative explanation that the monocline was a pre-existing structure which is 
now exposed at the upper boundary of the erosion resistant Hawkesbury Sandstone. 
The more rapid erosion of the shales of the overlying Wianamatta Group exposed this 
sandstone and the Nepean River has since entrenched its gorge. The presence of the 
gravels merely indicates that the river had a course in the vicinity of the monocline 
when the sandstone was first exposed.

More generally, the Lapstone Monocline, the Nepean Fault to its south and the west 
facing escarpments associated with faults such as the Glenbrook Fault, the Yellow Rock 
Fault and the Kurrajong Fault are known as the Lapstone Structural Complex (LSC). In 
this paper, the propositions regarding the age of the LSC with respect to the Nepean 
River are tested by mapping the gravels on the LSC between Warragamba and Mount 
Riverview.

Previous mapping is inadequate and misleading. The new map shows that gravels 
occur high above the Nepean River between Warragamba and Glenbrook Creek where 
the Nepean River now exits onto the Cumberland Plain. Over this section of the river 
(the Fairlight Gorge), the river deviates across the entire LSC before returning to the 
plains. The gravels form a  single band which follows the course of the river and is at 
elevations that reflect the differences in the amount of uplift along the LSC. This is the 
expected behaviour for coeval gravels deposited by a river prior to uplift. Antecedence 
and a relatively young LSC are therefore indicated.

North of Glenbrook Creek, the gravel forms a discontinuous sheet across the eastern 
face of the LSC. The western boundary becomes progressively lower and joins the 
Cumberland Plain to the east of Mt Riverview. These occurrences are interpreted to 
indicate that prior to the uplift, the paleo-Nepean River flowed onto a more extensive 
paleo-Cumberland Plain. The subsequent uplift of the LSC stranded the gravels and the 
Nepean River took a new course onto the Cumberland Plain where it currently exits the 
Fairlight Gorge.
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Peatlands as water storage units under a changing climate 

Kirsten L. Cowley1,2, Martin Krogh1 and Kirstie A. Fryirs2

1 Science Division - Environment, Energy and Science Group - Department of Planning, Industry and 
Environment, 3 Weeroona Rd, Lidcombe, NSW, 2141
2 Department of Earth and Environmental Sciences, Macquarie University, North Ryde, NSW, 2109, 
Australia

The Blue Mountains World Heritage Area (WHA) contains over 5,000 ha of peat 
forming temperate upland swamps as well as a small number of freshwater lagoons 
such as the Thirlmere Lakes. These wetland systems are well known for their water 
storage capacity, even during dry spells. 

Peat in both upland swamps and the Thirlmere Lakes began accumulating during 
the late Pleistocene to early Holocene when increased temperature and moisture 
constrained decomposition rates, preserving organic matter that provides the basis for 
their high water tables and high water storage capacity. 

Temperate Highland Peat Swamps on Sandstone (THPSS) are a form of upland wetland, 
located at the headwaters of low order streams on eastern Australian escarpments. 
They are valley bottom swamps that terminate at a downstream constriction or 
bedrock step and discharge to small bedrock streams. THPSS water tables show 
considerable resilience to drought, maintaining both their water table levels and 
discharge rates to downstream water courses in dry periods.

The Thirlmere Lakes are a set of five lakes set within an entrenched meander valley, 
southwest of Picton. Water level declines in the lakes over the last decade have led to 
the development of a targeted research program aimed at providing a more detailed 
understanding of the hydro-dynamics of the lake system. Research to date has found 
that climatic variables can explain most lake water level declines in four of the five 
lakes however up until recently one lake, Lake Baraba, has maintained its water levels 
despite a significant regional rainfall deficit. The peat volumes in Lake Baraba are 
measurably greater than the other lakes in the system, accumulating at double the rate 
over the Holocene than the neighbouring lakes. It is speculated that the resilience of 
Baraba’s water levels in this lake are a function of the lake’s peat volumes in the same 
way that THPSS peat is a key structural component required for their permanently 
high water tables. This resilience in the face of dry climatic conditions means that peat 
forming systems may maintain their function as significant carbon and water storage 
systems for longer than that of other ecosystems. This increases their conservation 
significance in the light of climate change, particularly for THPSS that provide water to 
downstream ecosystems, as well as to Sydney’s drinking water catchments.
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The importance of swamps and Aboriginal wells for successful European 
and stock crossing using Cox’s Road between 1815 and 1832

David Goldney 
Charles Sturt University, Bathurst. dgoldney@bigpond.net.au
 

Blaxland, Lawson and Wentworth remain household names in Australia enshrined 
in the myth that they were the first Europeans to cross the Blue Mountains in 
1813. Their terminal expedition point was Mount Blaxland, somewhat short of the 
Great Dividing Range 5km further to the west. 

It is likely that unacknowledged Darug and Gundungurra knowledge informed 
Blaxland’s decision to choose a route along ridgetops rather than using 
valley floors. Their course also likely coincided with pre -existing Aboriginal 
communication-dreaming trails. Coxs Road built in 1814/15 more-or-less followed 
Blaxland’s path with modifications suggested by Assistant Surveyor George Evans 
who reached the Bathurst Plains in late 1813. 

Following the ridgelines meant that the road crossed no rivers – only ephemeral 
early order headwater streams. Only rarely did both water and stock feed occur 
together such as at Glenbrook Lagoon and possibly at Springwood. Accessing water 
sources in adjacent side valleys (the Coxs River catchment to the south and the 
Grose River catchment to the north) was possible, but difficult for humans but not 
for stock and horses. 

Even though Coxs Road ascended about 1000m from Emu Plains to Mount Victoria, 
there was some relief in an undulating landscape where the road occasionally 
dipped before climbing again, creating ‘hollows’. These were so important to 
European travellers that they created names such as 24 Mile Hollow, later changed 
to Christmas Swamp and finally ‘Lawson’. 

From Lawson travelling west, such ‘hollows’, were often locations of valley swamps 
and nearby valley side swamps. The author argues that these swamps together 
with Aboriginal wells made it possible for Europeans to cross the Blue Mountains 
with their steadily increasing large herds from 1815-1832 until further road 
upgrades lowered crossing times or alternate inland routes were developed. 

Such swamps were an essential source of water and ‘coarse’ grasses, linked to the 
permeability of sandstone layers, that could store and transport water. Further 
west on the granite, swampy meadows also provided valuable feed and watering 
sources.
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Results of various palaeoenvironmental techniques 

Len Martin

This research examines the results of various palaeoenvironmental techniques applied 
to a small hydrologically sensitive, minerotrophic peat deposit in the upper Blue 
Mountains of eastern Australia. Comprehensive dating of multiple organic fractions has 
revealed relatively constant accumulation rates over the last ~18,000 cal. BP. 

The site has responded to increasing temperature and increasing autochthonous 
(local) sediment supply during the deglacial period. The application of high-resolution 
geochemistry has also revealed several abrupt changes, interpreted as responses to 
changes in westerly wind strength and rainfall. These changes include indicators of dust 
deposition (Ti and Fe peaks) which coincide with changes from marine cores after the 
cool period of the Antarctic Cold Reversal. 

Terrestrialisation of our site occurs roughly coeval with the similar environmental 
records from New Zealand, suggesting larger scale drivers of change. During the late 
Holocene the site also preserves cyclical changes in the concentrations of marine 
aerosols as well as increased organic deposition, characteristics that are replicated 
across multiple sites in the region. 

Ultimately, the combination of moisture-sensitive proxies from our record can be 
synthesised into an indicative record of moisture availability in the landscape of eastern 
Australia that appears to be largely controlled by the strength of westerly circulation 
across the entire Southern Hemisphere.
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Geodiversity as the driver for biodiversity – a study of the Greater Blue 
Mountains World Heritage Area
Stephanie Hawkins, Erin Foate and Kelly Tucker
Geological Survey of New South Wales (GSNSW) 

The Greater Blue Mountains World Heritage Area (GBMWHA) covers over a million 
hectares of diverse habitats and ecosystems within the Sydney Basin. It is recognised 
for the significance of its eucalypt-dominated vegetation, spectacular landscape and 
ecodiversity. The geological diversity within the GBMWHA includes sandstone plateaus, 
basalt outcrops and limestone karsts. The varied geochemistry of these lithologies 
and impacts of variable geomorphological processes result in a wide diversity of soil 
composition and profile types. These include siliceous sands, alluvial soils, and red to 
brown earths. In turn, the soil development influences the dominant vegetation type, 
including dry sclerophyll forests, rainforests and grassy woodlands. 

This work builds on previous studies, notably Keith (2011), which draws correlations 
between geology, soils, soil fertility and vegetation. Our spatial analysis study combines 
the seamless geology dataset (GSNSW, 2019), the Great Soil Group Soil Type map of 
NSW v3.0 (OEH, 2017), the Estimate of Inherent Soil Fertility v3.5 (OEH, unpublished) 
and the Vegetation Formations and Classes of NSWs v3.03 VIS_ID 3848 (OEH, 2017). 
This study may serve as a model for similar projects in the GBMWHA, including multi-
variate analysis of soil depth and moisture, aspect, slope and climatic data at a range of 
spatial and temporal scales. This study is also a submission to the science prospectus 
for the GBMWHA Committee Science Program. 

Reference: Keith D.A., 2011. Relationships between geodiversity and vegetation in southeastern 
Australia. Proceedings of the Linnean Society of New South Wales 132, 5‒26. 
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Using species distributions and ecology to explore vegetation patterns in 
the Sydney area since the Last Glacial Maximum

Doug Benson
Honorary Research Associate, National Herbarium of NSW, Botanic Gardens and Domain Trust, Royal 
Botanic Gardens Sydney 2000

With changes in vegetation now focussed on the impacts of future climate change, it is 
worthwhile to consider what we know of the vegetations patterns of the recent past, 
not the immediate European settlement period, but the relatively recent past of the 
last 20 000 years since the Last Glacial maximum – i.e. the Holocene. At the LGM the 
climate was colder and drier, sea levels were lower and atmospheric carbon dioxide 
much lower. This period includes aboriginal occupation of the Australian continent, 
but is not long enough to expect major evolutionary change in plant species to have 
occurred. Rather the vegetation is likely to have included most of today’s species but 
under the different climatic conditions they are likely to have occurred in different 
vegetation assemblies and patterns. The limited evidence for this period mostly comes 
from pollen core samples. 

For years I have been interested in plant species with disjunct and interesting 
geographical distributions and ranges. Now the increasing availability of genetic data 
for many species for exploring phylogenies, also has the potential when combined with 
ecological observations to provide insights on geographical patterns of variation and 
perhaps explain aspects of the past history of disjunct species.

This talk will discuss the distributions of some interesting Blue Mountains species 
including Isopogon prostratus, Boronia deanei, Asterolasia buxifolia and mallee 
eucalypts in the context of the LGM conditions and the subsequent warming. 
Hypotheses developed, though circumstantial and speculative, can generate ideas 
that can be tested through ecological investigations such as soil and climate tolerances 
through genetics.



Blue Mountains Symposium        11

Eucalyptus cunninghamii – an unexpected connection between Botany 
and Geology

David Coleby1 and Rae Druitt2

1Corresponding Author, Sublime Point Bushcare Group, 11 Willoughby Road, Leura, NSW 2780, Australia, 
davidcoleby@bigpond.com
2Wentworth Falls Lake Bushcare Group, 23 Boronia Road, Wentworth Falls, NSW, 2782 Australia

A three-year field study of the rare Eucalyptus cunninghamii Sweet (Myrtaceae), the 
Cliff Mallee Ash, uncovered a hitherto unrecognised connection between this taxon 
and its substrate. 

Eucalyptus cunninghamii has long been known to grow on cliff edges around two 
valleys of the upper Blue Mountains, the Grose and the Jamison, but details of 
that habitat were unexplored. We show that its preferred habitat is on or just 
downslope of a clay layer, most often the Wentworth Falls Claystone (WFC), and that 
Eucalyptus cunninghamii is not found elsewhere because the WFC is not expressed 
stratigraphically except around the clifflines of the two valleys. 

This and other environmental features delimit the distribution of Eucalyptus 
cunninghamii to a very precise geospatial range which causes problems in times of 
climate change.
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The outstanding diversity of the terrestrial vertebrate fauna in the 
Greater Blue Mountains World Heritage Area

Judy Smith and Peter Smith
P & J Smith Ecological Consultants, 44 Hawkins Parade, Blaxland, NSW 2774, smitheco@ozemail.com.au

The Greater Blue Mountains was granted World Heritage status in 2000 in recognition 
of its outstanding natural values, including its biodiversity and threatened species. 
The diversity of the area’s flora, particularly the eucalypt species, is well known and 
celebrated. The significant contribution that the fauna makes to the area’s biodiversity 
is less well known. 

Following a review of relevant databases, published and unpublished reports, our own 
and other naturalists’ records, we found that, since European settlement, a total of 
432 native terrestrial vertebrate fauna species have been reliably recorded within the 
Greater Blue Mountains World Heritage Area (GBMWHA). These include 68 mammals, 
254 birds belonging to 61 families and including 29 species of honeyeater, 74 reptiles 
and 36 frogs. The native fish and thousands of invertebrate species, many only poorly 
known, add to this remarkable faunal diversity. Seventy-three terrestrial vertebrate 
fauna species (28 mammal, 34 bird, 4 reptile and 7 frog species) in the GBMWHA are 
now listed as threatened under NSW and Commonwealth legislation. Twelve bird 
species are protected under international migratory bird agreements.  

An extraordinarily high number of species are at or near the edge of their range in the 
GBMWHA: one fifth (20 species) of the mammals, a tenth (29 species not including 
vagrant species) of the birds, half (37 species) of the reptiles and almost three-quarters 
(25 species) of the frogs. Those at range edges are likely to contribute substantially 
to the genetic variability of the species. A few, such as the Southern Water Skink 
Eulamprus tympanum and Fletcher’s Frog Lechriodus fletcheri, occur as isolated 
populations well away from other populations outside the GBMWHA. For 25 species, 
we could find no recent (post-2000) records in the area. Nine of these are mammals 
not recorded for many years that appear to be locally extinct. Other species have been 
recorded recently but have suffered range contractions or population declines. The 
six frog species most closely associated with rainforest and wet sclerophyll forest are 
all now rare in the area. Other examples of species that are declining locally include 
threatened species such as the Greater Glider Petauroides volans, Gang-gang Cockatoo 
Callocephalon fimbriatum and Flame Robin Petroica phoenicea, and species not yet 
recognised as threatened such as the Dusky Antechinus Antechinus swainsonii, Rose 
Robin Petroica rosea and Pink-tongued Lizard Cyclodomorphus gerrardii.

The GBMWHA provides an outstanding diversity of fauna habitats within which 
faunal species from surrounding moist coastal areas to the east, dry western slopes, 
cold southern tablelands and warm northern sub-tropics converge. Together with 
wide-ranging species and a few local specialists, notably the Blue Mountains Swamp 
Skink Eulamprus leuraensis, they form a remarkably diverse fauna of international 
significance. 
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Decline of the Greater Glider Petauroides volans in the lower Blue 
Mountains

Peter Smith and Judy Smith
P & J Smith Ecological Consultants, 44 Hawkins Parade, Blaxland, NSW 2774, smitheco@ozemail.com.au

The range of the Greater Glider Petauroides volans is predicted to contract with 
climate change. Following indications of a decline in the Blue Mountains, we collated 
records and undertook surveys in 2015-16 to assess whether a decline had occurred 
and whether the decline was associated with climate change or other factors. We 
were unable to relocate Greater Gliders at 35% of our study sites, even though all sites 
were in known former locations. The species has become rare at lower elevations but 
remains relatively common at higher elevations: about seven times more abundant 
above 500 m than below. 

Historical data suggest that in 1986-96 it occurred in similar abundance across all 
elevations from 80-1060 m. Nine habitat variables accounted for 84% of the variation 
in Greater Glider density among our study sites, with the most important variables 
being elevation (37%) and time since fire (23%). We found no evidence that Greater 
Gliders have been impacted by increasing numbers of owls or cockatoos or that either 
the fire regime or rainfall has changed in the last 20 years compared with the previous 
20 years. The most likely cause of the decline is the direct and indirect effects of a 
marked increase in temperature in the Blue Mountains. This contraction of Greater 
Gliders to higher elevations is consistent with the predicted impact of climate change 
on this species. Similar declines are likely to be occurring throughout its distribution. It 
was listed as a nationally threatened species in 2016.
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Biodiversity of Jenolan Karst Conservation Reserve: An Overview

Anne M. Musser1,2

1 Jenolan Caves Reserve Trust 
2 Australian Museum

Jenolan Karst Conservation Reserve (JKCR), a karst area and wildlife sanctuary over 
3,000 hectares in size, is one of four karst conservation reserves in New South Wales 
and the only karst reserve within the Greater Blue Mountains World Heritage Area. The 
Jenolan Limestone houses Australia’s largest tourist caves, the Jenolan Caves. JKCR was 
gazetted as a natural reserve in 1866 and has retained much of its original flora and 
fauna. However, much is still unknown about species presence/absence, abundance 
and distribution. Biological survey work conducted over the past decade has helped to 
rectify this lack of knowledge.

Three projects conducted since 2011 have added greatly to our current understanding: 
a survey of the vertebrate fauna of JKCR through the Office of Environment and 
Heritage (OEH) in 2011 and 20121; the Jenolan BioBlitz undertaken in November of 
2018; and biosurvey work done at JKCR by this author (2011-ongoing). Results confirm 
that JKCR provides critical habitat for several rare or threatened species as well as being 
an important stop-over for species like waterbirds that may only occasionally use the 
Reserve. The subterranean environment is of special interest as it is home to numerous 
troglophilic or troglobitic species (some of which are rare or endemic, and some yet 
to be described). Successes include an increase in numbers of threatened species 
such as the Brush-tailed Rock-wallaby Petrogale penicillata (under the management 
of NPWS) and the Spotted-tailed Quoll Dasyurus maculatus. Bird species not normally 
resident at JKCR but recorded at the Blue Lake include the mainly tropical Plumed 
Whistling Duck Dendrocycgna eytoni and the arid-zone Diamond Dove Geopelia 
cuneata. Unusual colour morphs have been observed that may also reflect responses 
to warmer temperatures. In addition, over 25 butterfly species have been added for 
JKCR to the Atlas of Living Australia. These studies suggest that the biodiversity of JKCR 
is of regional and national significance and that further work will undoubtedly uncover 
greater species richness.
1https://www.environment.nsw.gov.au/resources/nature/surveys/120103VertebrateFaunaJenolanKCR.pdf
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A Mentum in Time -  Chironomids as Palaeotemperature Indicators at 
Thirlmere Lakes, NSW, Australia

Elizabeth Swallow1, Heather Haines2, Craig Woodward1,2, Tim Cohen1,3, Sam Marx1

1GeoQuEST, School of Earth and Environmental Sciences, The University of Wollongong, NSW.
2Australia’s Nuclear Science and Technology Organisation (ANSTO), Lucas Heights NSW
3ARC Centre of Excellence for Australian Biodiversity and Heritage, University of Wollongong, NSW

The Thirlmere lakes, within the Blue Mountains Blue Heritage Area, offer excellent 
potential to provide records of past climate/environmental change for the Sydney 
Basin where currently few records exist. Palaeo-records also provide a longer-term 
perspective on lake conditions, which is important given community concern that 
recent lake drying at maybe related to mining activity. The primary aim of this study 
was to use chironomids (non-biting midges) to reconstruct temperature through the 
Holocene at Thirlmere Lakes National Park. 

Temperature reconstructions over the Holocene are scarce for the southeast Australian 
region and chironomids can be ideal proxies to enhance our understanding of climatic 
variation over this period. The unique characteristics of chironomids, including 
their ability to respond rapidly to climatic fluctuations, makes then ideal tools for 
reconstructing palaeotemperature.  Chironomid assemblages were identified from 
a master core from Thirlmere Lakes and assessed against an existing training set for 
the region. Temperature was identified to have no significant impact on the changing 
down core assemblages, disallowing the creation of a temperature reconstruction. 
Depth, conductivity and productivity explained the most significant variance in the 
assemblages. 

The training set contained insufficient modern analogues, limiting the reliability of 
inferring environmental conditions at Thirlmere through the Holocene.  However, the 
ecology of the chironomid assemblages implied warm shallow eutrophic conditions 
prevailed, while modern chironomid assemblages, indicate that there is a degree of 
variability between the lakes within the National Park. Results also potentially indicate 
the lakes are characterised by high variability in environmental conditions, as would 
result from water level fluctuations and drying. Even though the chironomid record 
failed to supply reliable interpretations of environmental conditions at Thirlmere Lakes 
through the Holocene, a better understanding of in-lake process has resulted, enabling 
identification of future research objectives. 
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A year in the life of a Blue Mountains allodapine bee

Olivia M. Bernauer1, Simon M. Tierney1, & James M. Cook1

1 Hawkesbury Institute for the Environment, Western Sydney University

Allodapine bees (Hymenoptera: Apidae: Xylocopinae: Allodapini) are facultatively social 
bees native to Australia, sub-Saharan Africa, and southern and western Asia. Instead 
of mass-provisioning cells as many bee species do, allodapines excavate a common 
burrow in which they progressively provision their brood. 

In the lower Blue Mountains Range of New South Wales, species of Exoneura and 
Brevineura are common and have been documented visiting fruit tree crops, such as 
apple and sweet cherry, grown in the Bilpin area. However, allodapine bees have not 
been previously studied in the Blue Mountains. This research investigates the annual 
life cycle and nesting biology of the allodapine bee Exoneura angophorae (Cockerell). E. 
angophorae in the lower Blue Mountains create their nests in the fallen fronds of fern 
trees (Cyathea and Dicksonia sp.). 

Nests were collected monthly for one year from fallen fern tree fronds. Collected 
nests were dissected, nesting substrate was characterized, and nest inhabitants were 
catalogued by developmental stage and sex for pupae and adults. To elucidate the 
social hierarchy and division of labor in multi-female E. angophorae nests, the body 
size, wing wear, ovary size, and insemination status of adult females was measured. 
Reproductive dominance in allodapine bee colonies is often associated with body size 
– the larger females undertaking the role of reproductive queen with other nestmates 
effectively acting as sterile workers. 

The reproduction of allodapine colonies can be truncated by the presence of social 
parasites in the genus Inquilina. E. angophorae nests in the lower Blue Mountains 
contained an average of 2.33 females per nest and contained larval brood during 
spring, coinciding with the flowering of nearby fruit tree crops, indicating that the adult 
bees foraging on crop flowers are likely collecting pollen for their young. 
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Advancing our Knowledge of the Spiders of Jenolan Caves 

Helen Smith1, Anne Musser1,2 and Tina Willmore3

1 The Australian Museum, 1 William St,. Sydney, NSW 2010  
2 Jenolan Karst Conservation Reserve, 4654 Jenolan Caves Road, Jenolan NSW 2790
3 Sydney University Speleological Society, A23 Manning House, Level 1, Manning Road, Camperdown, 
NSW 2050

Spiders were first described from caves at Jenolan in 1890, having been collected by 
guide James Wiburd. There were few further collections until the 1960s when a team 
began investigating the invertebrate fauna, then a second round of survey efforts 
commenced in 1986. Lists of the invertebrate fauna discovered prior to c. 2012 were 
presented by Eberhard et al 2014.

Interest in the spider fauna was renewed when photographs taken in 2016 by Cave 
Guide Anne Musser  were sent to the lead author at the Australian Museum. Our 
recent searches for arachnids in caves of the Jenolan Karst Conservation Reserve are 
continuing to build information on the troglophilic and troglobitic arachnid fauna.

As far as we can tell, most or all the species found underground so far have been 
recorded previously (some only as juveniles, hence the uncertainty), but we have found 
new locations for species, added missing sexes, recorded web architecture, and we 
hope to finally get adult males of one of the blind troglobites that will allow description 
of the species. The other troglobitic species recorded previously is still proving elusive. 
Some collecting is also being undertaken above ground, also adding to the fauna list of 
this unique but under-recorded area.
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Blue Mountains National Landscape and the National Geotourism Strategy

Angus M Robinson FAusIMM (CP) 1

1 Coordinator, National Geotourism Strategy, Australian Geoscience Council 

Geotourism, a holistic form of nature-based tourism, is a significant emerging and 
growing global phenomenon.  Geotourism focuses on an area’s geology and landscape 
as the basis for providing visitor engagement, learning and enjoyment’.  In summary, 
geotourism 

•  adds considerable content value to traditional nature-based tourism (the primary 
motivator of travel to Australia) as well as cultural tourism, inclusive of indigenous 
tourism, thus completing the holistic embrace of ‘A’ (abiotic – landscape and geology) 
plus ‘B’ (biotic) plus ‘C’ (culture) aspects.  It empathises an approach of increasing 
interest to protected area managers, particularly given the experience gained from 
the now discontinued Australian National Landscape programme (which included the 
Greater Blue Mountains World Heritage Area);

•  celebrates geoheritage and promotes awareness of and better understanding of the 
geosciences;

•  contributes to regional development imperatives in areas experiencing social and 
economic difficulties through increased tourist visitation, particularly from overseas;

•  creates professional and career development for geoscientists;

•  provides a means of highlighting and promoting public interest in mining heritage;

•  provides the means of increasing public access to geological information through a 
range of new information and communication technology (ICT) applications; and

•  engenders an increasing awareness of the importance in geology as a fundamental 
science that has had and will continue to have major impacts on civilisations.

The Australian Geoscience Council (AGC), which is the Peak Council of geoscientists 
in Australia representing eight major Australian geoscientific societies with a total 
membership of over 8,000 individuals, is currently consulting with state/territory 
government agencies with the aim of developing a national strategy predicated on 
consideration of a number of broad topics which include identifying mechanisms 
for collaboration with providers of other areas of natural (bioregion) and cultural 
heritage content.  Other topics under consideration include geotourism as a means 
of celebrating and better coordination nationally of geoheritage data bases and 
establishing a national set of administrative procedures for ‘georegional’ assessment to 
provide for major geotourism project development. 

Adoption by state government agencies of a national geotourism strategy offers the 
potential to stimulate new nature-based tourism development and a more holistic 
appreciation of natural and cultural heritage. As Australia’s most visited tourism 
destination, the Blue Mountains is well positioned to benefit from this development.
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Characterising the carbon and water-holding capacity of a small swamp 
in the Wolgan Valley (in the western Blue Mountains)

Scott D. Mooney1 and John Triantafilis1

1  School of Biology, Earth and Environmental Science, University of New South Wales,
Sydney, N.S.W., 2052, Australia.

This work used traditional and novel approaches to quantify the total carbon content 
and water holding capacity of a small un-named swamp located on the southern edge 
of the Wolgan Valley. Although it is widely recognised that these swamps play an 
important role in the landscape, quantitative estimates of water and carbon content 
and hence swamp function are rare.

To provide quantitative figures the depth of the organic sediment was measured using 
52 probes along 7 equally spaced transects. This is a laborious but traditional approach. 
Multi-coil electromagnetic induction (EMI) using a DUALEM-21S instrument also 
used along these 7 transects: this instrument allows characterisation of sub-surface 
mineralogy, and clay, salt and water content. In the case of the Wolgan Valley swamp 
this instrumentation was used to discriminate between soil and the accumulating 
organic material in the swamp, thereby constraining the total volume of the deposit. 
We also extracted a ~2.10 m sediment core from the centre of the deposit, and 
determined volumetric loss-on-ignition (LOI: mass lost in oven-dried sediment after 
2 hrs at 550ºC) and water holding capacity (both in g/cm3) by depth. LOI was used to 
estimate the total organic content and total carbon content.

This information was then used to determine the swamp boundary, which was notably 
difficult to determine using Google Earth imagery. The total volume of the deposit was 
also calculated (as half of an oblate spheroid v = 4/3πb2c) using a semi-major axis (b) of 
90.58 m and a semi-minor axis (c, 320 cm depth) from the probe and EMI data. This 
gave a total volume of 54,990 m3. The mean (saturated) water content was 0.54 g/cm3 
but this was higher in surficial compared to deeper sediments (mean 0-60 cm: 0.77 and 
mean 60 to 210 cm 0.44 g/cm3). The mean organic content in the deposit was 0.11 g/cm3 
but this again was lower at depth (mean organic content 0-40 cm: 0.14 and mean 50 to 
210 cm: 0.11 g/cm3).

These data then allowed the total (saturated) water content (29.5 megalitres), the 
total organic content (6161 tones) and the total carbon content (2688 tonnes) of the 
entire deposit to be estimated. These data suggest that this small swamp holds almost 
12 Olympic-sized swimming pools of water, and based on recent spot prices, about 
$44,300 worth of carbon. Notably, this is only one small organic deposit, and the valley 
is underlain by considerable organic sediment.

The potential of the multi-coil EMI instrument to better characterise the volume of 
organic deposits in similar landscapes is currently being explored.
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Fire, humans and climate: the fire history of the last ~300 years from the 
Wolgan Valley (in the western Blue Mountains)

Mark Constantine IV and Scott D. Mooney,
School of Biology, Earth and Environmental Science, University of New South Wales,
Sydney, N.S.W., 2052, Australia.

Accumulation rates of charcoal (>250 µm) and a reconstruction of the temperature 
at which the charcoal formed (‘pyro-intensity’ quantified using FTIR) were used to 
investigate fire over the last ca. 300 years in the Wolgan Valley, which is the western 
edge of the Sydney Basin bioregion. The data, from a short sediment core extracted 
from a small un-named swamp, is arguably relevant to a number of surrounding State 
Forests and National Parks.

This small swamp located on the southern edge of the Wolgan Valley, is likely to 
have been originally surrounded by Capertee Grassy Woodland or Capertee-Wolgan 
Riparian Open Forest. The valley has been linked to various Aboriginal groups including 
the Wiradjuri, Daruk and Gundangarra people but since the 1830s the valley-floor 
vegetation has been significantly impacted by grazing and vegetation clearing. This 
makes it one of the oldest agricultural landscapes in Australia and allows consideration 
of how fire has changed in the recent past, and across this change in land-use.

The influx of charcoal (no./cm2/y) is relatively low in the prehistoric period and pyro-
intensity is also relatively consistent. There are no dramatic changes in the influx of 
charcoal associated with introduction of grazing, however the influx of charcoal is 
the lowest of the ~300 year record in the Nineteenth Century. There is also a notable 
upward shift in the pyro-intensity in the late Nineteenth Century (~1880 CE) and this is 
sustained during the first half of the Twentieth Century. Charcoal influx then undergoes 
a dramatic increase after the 1970s and the pyro-intensity of the recent past far 
exceeds anything of the entire ~300-year record.

This history of fire is compared to several indices of climate and climatic variability to 
consider the potential drivers of this late Twentieth Century change in the fire regime.

1Time in the Mountains

Linnean Society of NSW

Blue Mountains Excursion 7th Nov 2019

Time in the Mountains: a geological and botanical 
exploration of the upper Blue Mountains

Excursion Guide
Leaders: John Pickett, Doug Benson, Ian Baird, Col Bembrick 

Stop 1: Govetts Leap Lookout

From various points here it is possible to see 
almost the entire geological succession of the 
Sydney Basin in the Blue Mountains.  The 
bottom of the valley, Govetts Leap Creek and 
the Grose River, is occupied by the marine 
Permian Berry Formation (about 270 million 
years old) with Triassic age Narrabeen Group 
and Hawkesbury Sandstone above (to about 210 
million years), and the tops of the highest points 
are made up of basalt flows (about 18 million 
years old).

Note the dramatic change in slope at 
approximately half the valley height.  This is 
due to undercutting of the sandstones of the 
Narrabeen Group by erosion of the clayey 
sediments of the Caley Formation; this 
undercutting causes the sandstones to fall away 
in large blocks along the joint planes.  Further 
down the Grose Valley, where the Caley 
Formation becomes sub-surface (the whole 
sequence dips to the east at a low angle) this 
situation no longer prevails, and the valley takes 
on the usual V-shape.  This change in rock types 
underlies most of the dramatic scenery of the 
Blue Mountains.

Within the Narrabeen Group there are many 
claystone horizons, including the Wentworth 
Falls and Mount York Claystones, which are 
the most extensive.  These give rise to perched 
water-tables, and on the cliffs their position is marked by lines of woodland and mallee vegetation 
including Eucalyptus stricta. Opposite the lookout and between Govetts Leap and Bridal Veil Falls 
is a massive vertical cliff-face covered in moist cliff-line vegetation which has developed in response 
to groundwater seepage. Much of this vegetation is characteristic of the ‘hanging’ swamps in the 
Blue Mountains and not restricted to moist cliff-faces. The moist cliff-face does support the biggest 
population of the rare and vulnerable, locally endemic shrub Isopogon fletcheri, which is restricted to 
cliffs and some nearby upper slopes between Govetts Leap and Pierces Pass. Cliff-face specialist plant 
species occur elsewhere in the upper Blue Mountains, including various epacrids, Alania endlicheri, 

Age of the Earth and times of rock formation in the Sydney 
Basin (grey shading).  Note the small proportion of time that is 
preserved in the geological record.
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and the rare Blue Mountains endemics, Acrophyllum australe, Euphrasia bowdeniae and the Dwarf 
Mountain Pine, Pherosphaera fitzgeraldii (formerly Microstrobos).  A population of the rare Blue 
Mountains endemic mallee, Eucalyptus cunninghamii, occurs around Pulpit Rock to the north of the 
lookout; the species is restricted to cliff tops and nearby ledges in the Grose and Kedumba areas with 
an interesting outlier at Wanganderry near Mittagong. 

In the amphitheatre below the lookout, on sheltered slopes below the cliffs, is a patch of temperate 
Ceratopetalum-Doryphora rainforest. These rainforest patches in the sandstone landscape typically 
occur in fire refugia within the otherwise fire-prone, eucalypt-dominated woodlands and open forests, 
with rainforest boundaries moving over time in response to climate and fire. 

Common tree species in the woodland around the lookouts are Eucalyptus piperita, Eucalyptus 
sieberi Eucalyptus sclerophylla and Eucalyptus mannifera, with a range of sclerophyllous shrubs 
including Banksia serrata, Telopea speciosissima, Acacia longifolia and Acacia melanoxylon.

Across the upper Blue Mountains and above the cliffs to the north are perched headwater valleys 
with threatened Blue Mountains Swamps; groundwater-dependent peat swamps which occur as both 
valley floor swamps and hanging swamps on steeper valley sides, sometimes forming extensive swamp 
complexes with both hydrogeomorphic variants.

Stop 2: Hartley Historic Village – remain in bus.

This stop is significant, because it is the only place where we will see pre-Sydney Basin rocks directly.  
The great tors around the village are part of the intrusive granites of the Bathurst Batholith, intruded 
about 325-330 million years ago.  These granites are the youngest of those comprising the basement.  
The amount of erosion between this event and the deposition of the oldest local sediments of the 
Sydney Basin is staggering, amounting probably to as much as 3 km of overlying rock.  Where has all 
this gone?

There is about 55 million years difference between the ages of the two rocks. To put this 
in perspective: marine sediments occur in the Newcastle region in the early Permian, but the 
encroaching ocean didn’t reach the Lithgow area until later in the Permian, perhaps 20 million years 
later. A little arithmetic reveals that this amounts to just over 8 mm per year, which compares closely 
to the rate of 7 mm per year, estimated for the retreat of the present coastline near Sydney.

The Eucalyptus melliodora grassy woodland vegetation (historically Banksia marginata was once 
a common species) on the granite, contrasts strongly with the shrubby vegetation on the sandstone and 
provided the first agricultural lands west of the Blue Mountains to be settled from about 1820. Riparian 
forest of Casuarina cunninghamiana can be seen along the River Lett below with Eucalyptus viminalis, 
Lomandra longifolia and riparian shrubs, Leptospermum polygalifolium, Lomatia myricoides and 
Callistemon sieberi, and exotic weeds.

Stop 3: Browns Gap coal mine

Initially we proceed to a cutting, off the road,  in which the Lithgow Coal is exposed.  The cutting was 
made as a preliminary to exploitation of the seam; this apparently didn’t come to pass.  There is a small 
adit and some spoil heaps.  Bituminous coal, such as that here, is formed from peat, and the process 
involves compression to about one-thirtieth of the original thickness of the peat.  For a 3-metre thick 
seam, this pre-supposes a peat bed 90 m thick!  In the roadside cuttings, at a level above the seam,  
fossils of some of the plants which contributed to the peat  can be discovered in the shales.  Commonest 
is one known as Vertebraria, the roots of the Glossopteris tree.  With luck, we will also find some 
Glossopteris leaves.  Glossopteris had something of the character of a freshwater mangrove, with large 
air cavities in the roots; these account for the backbone-like appearance of the compressed roots.
Forest trees here include Eucalyptus sieberi, Eucalyptus blaxlandii, Eucalyptus cypellocarpa 
and Eucalyptus fastigata. Shrubs include Leptospermum polygalifolium, Callicoma serratifolia, 
Podolobium ilicifolium and Hardenbergia violacea. Bursaria spinosa subsp. lasiophylla, here and in 
nearby Hassans Wall Reserve, is host plant to endangered Purple Copper Butterfly, Paralucia spinifera.

3Time in the Mountains

Geological succession at Browns Gap. (From Bembrick, 1983)
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Callistemon sieberi, and exotic weeds.

Stop 3: Browns Gap coal mine

Initially we proceed to a cutting, off the road,  in which the Lithgow Coal is exposed.  The cutting was 
made as a preliminary to exploitation of the seam; this apparently didn’t come to pass.  There is a small 
adit and some spoil heaps.  Bituminous coal, such as that here, is formed from peat, and the process 
involves compression to about one-thirtieth of the original thickness of the peat.  For a 3-metre thick 
seam, this pre-supposes a peat bed 90 m thick!  In the roadside cuttings, at a level above the seam,  
fossils of some of the plants which contributed to the peat  can be discovered in the shales.  Commonest 
is one known as Vertebraria, the roots of the Glossopteris tree.  With luck, we will also find some 
Glossopteris leaves.  Glossopteris had something of the character of a freshwater mangrove, with large 
air cavities in the roots; these account for the backbone-like appearance of the compressed roots.
Forest trees here include Eucalyptus sieberi, Eucalyptus blaxlandii, Eucalyptus cypellocarpa 
and Eucalyptus fastigata. Shrubs include Leptospermum polygalifolium, Callicoma serratifolia, 
Podolobium ilicifolium and Hardenbergia violacea. Bursaria spinosa subsp. lasiophylla, here and in 
nearby Hassans Wall Reserve, is host plant to endangered Purple Copper Butterfly, Paralucia spinifera.

3Time in the Mountains

Geological succession at Browns Gap. (From Bembrick, 1983)
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Stop 4: Hassans Walls Lookout

Refer to the pictorial panorama displayed at the lookout.
At this lookout we are standing on Banks Walls Sandstone of the Triassic Narrabeen Group – 

noted for its pagoda-like weathering.
From here we can see the cleared undulating country below which is largely Carboniferous granite 

(325-330 Ma), which extends as far west as Bathurst. To the left, within the Hartley Valley, much of the 
cleared land consists of marine sediments of the Sydney Basin. Above these – below the sandstone clifflines 
– are the steep, tree-covered slopes of the Illawarra Coal Measures – largely fresh-water sediments.

The sandstone cliffs stretching to the south are the western edge of the Blue Mountains Plateau and 
comprise fluvial sediments of the Narrabeen Group. In the distance, peaks of the Wild Dog Mountains 
are visible, which are sandstone cliffs of coal measure sediments. In the far distance the higher peaks of 
Mt Cloudmaker are just visible. These are folded Devonian sediments (360-420Ma) which have marine 
and coal measure sediments on their slopes, well below the peak. This indicates that these mountains 
would have been at least a peninsula or perhaps an island in the Permian sea 250-290 million years ago.

In the middle distance, the sloping clifflines of Gibraltar Rocks give an indication of the present-
day gentle eastward dip of the sediments on the western margin of the Sydney Basin.
Plant communities

Around the Lookout walkway on the skeletal, infertile soils of Triassic Narrabeen Group 
sandstone, is Allocasuarina nana-dominated heathland with Eucalyptus stricta mallee, and eucalypt 

From Gould & Delevoryas (1977)
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woodland and open forest. Trees include Eucalyptus sieberi, Eucalyptus radiata, and Eucalyptus 
macrorhyncha; shrubs include Leptospermum trinervium, Platysace lanceolata, Boronia rigens, 
Banksia ericifolia, Banksia marginata and Allocasuarina diminuta. The Hassans Wall Reserve, 
managed by Lithgow Council, is home to a considerable diversity of plants, including a rich orchid 
flora of at least 60 species. Plants include those at or near their easterly or westerly range margins, 
where the Sydney Basin flora meets the Central Tablelands to the west.

Stop 5: Dobbs Lookout, Lost City

Here we can get a near view of the famous “pagoda country”; this part, “Lost City” is in Newnes State 
Forest, but there is a push to protect it through the Gardens of  Stone Stage 2 proposal.  There are two 
main factors influencing the formation of pagodas: joint systems, and the ironstone horizons resulting 
from the movement of groundwater over millennia.  Both these phenomena can be seen close-up.  The 
joints result in weathered zones which are more easily eroded.  The ironstone bands are the reverse of 
this; they are considerably harder, and much less easily eroded.  Cross bedding and joint patterns can be 
seen.

The diversity of habitats and vegetation communities in the landscape is evident, primarily 
responding to changes in soil depth, moisture, aspect and varying levels of protection from fire. The 
canyons and complex landscapes among the pagodas provide for a diversity of microhabitats. Extensive 
areas of low heathland on skeletal soils, with sharp boundaries with woodland resulting from soil/water 
differences, can be seen. The rare Blue Mountains endemics Banksia penicillata and Leptospermum 
blakelyi occur in this area.

Stop 6: Broad Swamp

The woodland around the swamp includes trees of Eucalyptus sieberi, Eucalyptus blaxlandii, 
Eucalyptus radiata, Eucalyptus dives and Eucalyptus pauciflora. The understory shrub-layer is 
very rich, including Acacia dorothea, Boronia microphylla, Petrophile canescens, Hakea laevipes, 
Persoonia myrtilloides, Persoonia laurina, and the prostrate species Persoonia chamaespitys, Grevillea 
laurifolia and Phyllota squarrosa. On slopes around the swamp, small patches of the endangered 
Newnes Plateau endemic shrub, Persoonia hindii, can be found.

Broad Swamp is the largest and best example of the listed endangered Newnes Plateau Shrub 
Swamps (endangered by loss of groundwater from longwall coal mine subsidence). These groundwater 
dependent, perched peat swamp/mire complexes have high plant diversity, with a wide range of herbs, 
sedgeland species and shrubs, including the rare and vulnerable Boronia deanei subsp. deanei.  They 
include plant species characteristic of both the Coastal Heath Swamps and Montane Bogs and Fens 
vegetation classes. They provide habitat for endangered, obligate mire-dwelling fauna such as the 
Giant Dragonfly Petalura gigantea and the locally endemic Blue Mountains Swamp Skink Eulamprus 
leuraensis. The community of stygofauna and other mire-dwelling invertebrates is poorly understood. 
Swamp Rats Rattus lutreolus and burrowing Sydney Crayfish Euastacus australasiensis are abundant, 
both responsible for considerable bioturbation, and in the case of the crayfish, potential ecosystem 
engineers. 

The Shrub Swamps receive water from perched aquifers/impervious aquicludes, associated with 
claystone layers in the predominantly sandstone strata of the Burralow Formation that covers much of 
the Plateau. Elevation of the swamps is 900-1100 m and annual rainfall exceeds 1000 mm.  Although 
most of these swamps occur on broad, low gradient valley floors, some occur as small patches of 
hanging swamp associated with localized perched aquifers. 

Peaty soils in these systems are highly variable in their organic content and range from organic 
sands and sandy peats to deep muck peats and fibrous peat. Depth varies from shallow peaty soils less 
than 50 cm deep to potentially at least two metres. Oldest estimated dates for peat initiation are about 
13000 y BP, indicating increased rainfall and warmer conditions of the Holocene, following the Last 
Glacial Maximum (LGM) when conditions on the Plateau are believed to have been cold, windy and 
dry, and atmospheric Carbon low; conditions favouring heath and mallee rather than forest and swamp. 
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Refer to the pictorial panorama displayed at the lookout.
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From here we can see the cleared undulating country below which is largely Carboniferous granite 

(325-330 Ma), which extends as far west as Bathurst. To the left, within the Hartley Valley, much of the 
cleared land consists of marine sediments of the Sydney Basin. Above these – below the sandstone clifflines 
– are the steep, tree-covered slopes of the Illawarra Coal Measures – largely fresh-water sediments.

The sandstone cliffs stretching to the south are the western edge of the Blue Mountains Plateau and 
comprise fluvial sediments of the Narrabeen Group. In the distance, peaks of the Wild Dog Mountains 
are visible, which are sandstone cliffs of coal measure sediments. In the far distance the higher peaks of 
Mt Cloudmaker are just visible. These are folded Devonian sediments (360-420Ma) which have marine 
and coal measure sediments on their slopes, well below the peak. This indicates that these mountains 
would have been at least a peninsula or perhaps an island in the Permian sea 250-290 million years ago.

In the middle distance, the sloping clifflines of Gibraltar Rocks give an indication of the present-
day gentle eastward dip of the sediments on the western margin of the Sydney Basin.
Plant communities

Around the Lookout walkway on the skeletal, infertile soils of Triassic Narrabeen Group 
sandstone, is Allocasuarina nana-dominated heathland with Eucalyptus stricta mallee, and eucalypt 
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woodland and open forest. Trees include Eucalyptus sieberi, Eucalyptus radiata, and Eucalyptus 
macrorhyncha; shrubs include Leptospermum trinervium, Platysace lanceolata, Boronia rigens, 
Banksia ericifolia, Banksia marginata and Allocasuarina diminuta. The Hassans Wall Reserve, 
managed by Lithgow Council, is home to a considerable diversity of plants, including a rich orchid 
flora of at least 60 species. Plants include those at or near their easterly or westerly range margins, 
where the Sydney Basin flora meets the Central Tablelands to the west.

Stop 5: Dobbs Lookout, Lost City

Here we can get a near view of the famous “pagoda country”; this part, “Lost City” is in Newnes State 
Forest, but there is a push to protect it through the Gardens of  Stone Stage 2 proposal.  There are two 
main factors influencing the formation of pagodas: joint systems, and the ironstone horizons resulting 
from the movement of groundwater over millennia.  Both these phenomena can be seen close-up.  The 
joints result in weathered zones which are more easily eroded.  The ironstone bands are the reverse of 
this; they are considerably harder, and much less easily eroded.  Cross bedding and joint patterns can be 
seen.

The diversity of habitats and vegetation communities in the landscape is evident, primarily 
responding to changes in soil depth, moisture, aspect and varying levels of protection from fire. The 
canyons and complex landscapes among the pagodas provide for a diversity of microhabitats. Extensive 
areas of low heathland on skeletal soils, with sharp boundaries with woodland resulting from soil/water 
differences, can be seen. The rare Blue Mountains endemics Banksia penicillata and Leptospermum 
blakelyi occur in this area.

Stop 6: Broad Swamp

The woodland around the swamp includes trees of Eucalyptus sieberi, Eucalyptus blaxlandii, 
Eucalyptus radiata, Eucalyptus dives and Eucalyptus pauciflora. The understory shrub-layer is 
very rich, including Acacia dorothea, Boronia microphylla, Petrophile canescens, Hakea laevipes, 
Persoonia myrtilloides, Persoonia laurina, and the prostrate species Persoonia chamaespitys, Grevillea 
laurifolia and Phyllota squarrosa. On slopes around the swamp, small patches of the endangered 
Newnes Plateau endemic shrub, Persoonia hindii, can be found.

Broad Swamp is the largest and best example of the listed endangered Newnes Plateau Shrub 
Swamps (endangered by loss of groundwater from longwall coal mine subsidence). These groundwater 
dependent, perched peat swamp/mire complexes have high plant diversity, with a wide range of herbs, 
sedgeland species and shrubs, including the rare and vulnerable Boronia deanei subsp. deanei.  They 
include plant species characteristic of both the Coastal Heath Swamps and Montane Bogs and Fens 
vegetation classes. They provide habitat for endangered, obligate mire-dwelling fauna such as the 
Giant Dragonfly Petalura gigantea and the locally endemic Blue Mountains Swamp Skink Eulamprus 
leuraensis. The community of stygofauna and other mire-dwelling invertebrates is poorly understood. 
Swamp Rats Rattus lutreolus and burrowing Sydney Crayfish Euastacus australasiensis are abundant, 
both responsible for considerable bioturbation, and in the case of the crayfish, potential ecosystem 
engineers. 

The Shrub Swamps receive water from perched aquifers/impervious aquicludes, associated with 
claystone layers in the predominantly sandstone strata of the Burralow Formation that covers much of 
the Plateau. Elevation of the swamps is 900-1100 m and annual rainfall exceeds 1000 mm.  Although 
most of these swamps occur on broad, low gradient valley floors, some occur as small patches of 
hanging swamp associated with localized perched aquifers. 

Peaty soils in these systems are highly variable in their organic content and range from organic 
sands and sandy peats to deep muck peats and fibrous peat. Depth varies from shallow peaty soils less 
than 50 cm deep to potentially at least two metres. Oldest estimated dates for peat initiation are about 
13000 y BP, indicating increased rainfall and warmer conditions of the Holocene, following the Last 
Glacial Maximum (LGM) when conditions on the Plateau are believed to have been cold, windy and 
dry, and atmospheric Carbon low; conditions favouring heath and mallee rather than forest and swamp. 
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If these swamps were not here during the LGM, then the fascinating question for biogeographers is: 
where were all the mire-dwelling species during that time? 

Stop 7: Clarence

Here we consider the impacts of vegetation changes since the LGM. The cold, windy and dry, and 
atmospheric Carbon low conditions are likely to have favoured slow-growing and small shrubs 
in vegetation such as heath and mallee, rather than forest and swamp. Prostrate species may have 
been very common and species, such as the rare prostrate shrub Isopogon prostratus, with isolated 
occurrences, and apparently unsuited for current conditions, provide material for research and 
speculation. Other prostrate species in the area include Persoonia chamaepitys, Grevillea laurifolia 
subsp. caleyana and Phyllota squarrosa.

Sea level variation over the last 340,000 years.  Note the dramatic rise over the last 20,000 years. 
(From Walbroeck et al. 2002)

As conditions warmed over the last 10 000 years, the swamps developed, and woodland and forest 
eucalypts are likely to have invaded the formerly extensive heathlands from valley refugia. Future 
genetic studies may be able to interpret some of the past patterns of expansion and contraction that have 
resulted in the isolated occurrences of many rare species now in the Blue Mountains.

Stop 8: Wynnes Rocks Lookout, Mount Wilson; Panorama of basalt caps of Blue Mountains

The highest points of the Tomah massif (seen from the Lookout) are made up of basalt, which flowed 
on to a surface whose relief appears to have been significantly less than what we observe today.  A 
palaeo-river flowed initially west prior to eruption of the Mount Tomah basalt, but then turned east, as 
indicated by the wall of the Mount Haystack ridge, which is unbreached sandstone.

The Lookout is on outcropping Hawkesbury Sandstone (close to its most westerly extent) with 
mallees of Eucalyptus stricta and Eucalyptus dendromorpha. In the Park behind are trees of Eucalyptus 
fastigata on the basalt on the upper slope.

7Time in the Mountains

Stop 9: Gregson Park and waterfall, Mount Wilson

Note the difference in height between Wynnes Rocks (on Hawkesbury Sandstone) and the base of 
the waterfall (base of younger basalt);  it is a bit less than 100 metres (see cross-section).  This gives at 
least some indication of the scale of the topography of the surface onto which the basalt flowed.  Unlike 
the situation at Mount Tomah, the pre-basalt topography has not been analysed in detail, so we remain 
unaware of the direction of pre-basalt drainage.  The kind of topography observed here appears to be of 
the same order as that known from Mount Tomah, where the known relief is 80 metres.

Contrasting dramatically with the dry woodland and forest on the sandstone, the rich and moisture 
retentive soils and relatively high rainfall on the basalt support tall eucalypt forest and, on sheltered 
slopes, warm temperate rainforest. The upper slopes of Gregson Park have tall eucalypt forest 
dominated by trees such as Eucalyptus fastigata, Eucalyptus blaxlandii, Eucalyptus viminalis and 
Eucalyptus radiata, with Acacia melanoxylon, Pittosporum undulatum, Melicytus dentatus (formerly 
Hymenanthera), Acacia falciformis and Pomaderris aspera. Further down the track to the waterfall 
more mesic species appear – Smilax australis, Cissus hypoglauca, Pittosporum multiflorum (formerly 
Citriobatus) and Rapanea howitiana (which is oddly colonising along the track); such transitions 
may be fire ecotones where the boundary between these two communities moves over time. Banksia 
integrifolia subsp. monticola occurs within this transitional zone nearby in the Reserve.

On the track down to the waterfall, epiphytes, including mosses, ferns and the Orange-blossum 
Orchid Sarchochilus falcatus are abundant. In the understorey, ferns include Dictymia brownii, Pellaea 
falcata, Polystichum proliferum and Pyrrosia rupestris. Tree-ferns are distinctive, with Cyathea 
australis, in both forest and rainforest, and Dicksonia antarctica in sheltered gullies.

The rainforest is dominated by trees of Sassafras Doryphora sassafras, Coachwood Ceratopetalum 
apetalum and Lillypilly Acmena smithii. Lianes (Cissus and Pandorea pandorana) and ferns are 
abundant. Seedlings of the tree Quintinia sieberi establish as epiphytes on the treefern trunks. The Dagger 
Orchid Dockrillia pugioniformis is epiphytic on the rainforest trees. The semi-epiphytic scrambling plant, 
Fieldia australis, can be found on rocks and lower tree trunks. Columnar basalt is evident at the waterfall.

These distinctive patterns drew Professor A. A. Lawson (who established the John Ray Herbarium) 
and Sydney University students to study vegetation patterns and fire at Mount Wilson in the 1920s; 
their results (e.g. see Brough et al 1924), published in the Proceedings of the Linnean Society of NSW 
are the first ecological vegetation studies in Australia.

In the 19th century many plant collections were made at Mount Wilson including those of amateur 
naturalist Jesse Gregson (of ‘Yengo’) who assisted Botanic Gardens Director Joseph Maiden with 
fieldwork and plant collections. Gregson Park honours Jesse and his son Edward.
Stop 10: Mt Wilson turnoff, Bells Line of Road 
The cutting on the south side of the road is excellent for demonstrating the independence of the original 
sedimentary features of the sandstone, and the more colourful effects of the migration of iron oxides in 
groundwater.

Apart from the cross-bedding of the sandstones, the cutting exposes two easily identifiable 
channels, which can be seen to erode the previously deposited sand.  These structures are traversed 
randomly by yellow, orange and brown concentric layers of iron oxides, which postdate the 

Topographic cross-section to the north-west from Wynnes Rocks.
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in vegetation such as heath and mallee, rather than forest and swamp. Prostrate species may have 
been very common and species, such as the rare prostrate shrub Isopogon prostratus, with isolated 
occurrences, and apparently unsuited for current conditions, provide material for research and 
speculation. Other prostrate species in the area include Persoonia chamaepitys, Grevillea laurifolia 
subsp. caleyana and Phyllota squarrosa.

Sea level variation over the last 340,000 years.  Note the dramatic rise over the last 20,000 years. 
(From Walbroeck et al. 2002)

As conditions warmed over the last 10 000 years, the swamps developed, and woodland and forest 
eucalypts are likely to have invaded the formerly extensive heathlands from valley refugia. Future 
genetic studies may be able to interpret some of the past patterns of expansion and contraction that have 
resulted in the isolated occurrences of many rare species now in the Blue Mountains.

Stop 8: Wynnes Rocks Lookout, Mount Wilson; Panorama of basalt caps of Blue Mountains

The highest points of the Tomah massif (seen from the Lookout) are made up of basalt, which flowed 
on to a surface whose relief appears to have been significantly less than what we observe today.  A 
palaeo-river flowed initially west prior to eruption of the Mount Tomah basalt, but then turned east, as 
indicated by the wall of the Mount Haystack ridge, which is unbreached sandstone.

The Lookout is on outcropping Hawkesbury Sandstone (close to its most westerly extent) with 
mallees of Eucalyptus stricta and Eucalyptus dendromorpha. In the Park behind are trees of Eucalyptus 
fastigata on the basalt on the upper slope.
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Stop 9: Gregson Park and waterfall, Mount Wilson

Note the difference in height between Wynnes Rocks (on Hawkesbury Sandstone) and the base of 
the waterfall (base of younger basalt);  it is a bit less than 100 metres (see cross-section).  This gives at 
least some indication of the scale of the topography of the surface onto which the basalt flowed.  Unlike 
the situation at Mount Tomah, the pre-basalt topography has not been analysed in detail, so we remain 
unaware of the direction of pre-basalt drainage.  The kind of topography observed here appears to be of 
the same order as that known from Mount Tomah, where the known relief is 80 metres.

Contrasting dramatically with the dry woodland and forest on the sandstone, the rich and moisture 
retentive soils and relatively high rainfall on the basalt support tall eucalypt forest and, on sheltered 
slopes, warm temperate rainforest. The upper slopes of Gregson Park have tall eucalypt forest 
dominated by trees such as Eucalyptus fastigata, Eucalyptus blaxlandii, Eucalyptus viminalis and 
Eucalyptus radiata, with Acacia melanoxylon, Pittosporum undulatum, Melicytus dentatus (formerly 
Hymenanthera), Acacia falciformis and Pomaderris aspera. Further down the track to the waterfall 
more mesic species appear – Smilax australis, Cissus hypoglauca, Pittosporum multiflorum (formerly 
Citriobatus) and Rapanea howitiana (which is oddly colonising along the track); such transitions 
may be fire ecotones where the boundary between these two communities moves over time. Banksia 
integrifolia subsp. monticola occurs within this transitional zone nearby in the Reserve.

On the track down to the waterfall, epiphytes, including mosses, ferns and the Orange-blossum 
Orchid Sarchochilus falcatus are abundant. In the understorey, ferns include Dictymia brownii, Pellaea 
falcata, Polystichum proliferum and Pyrrosia rupestris. Tree-ferns are distinctive, with Cyathea 
australis, in both forest and rainforest, and Dicksonia antarctica in sheltered gullies.

The rainforest is dominated by trees of Sassafras Doryphora sassafras, Coachwood Ceratopetalum 
apetalum and Lillypilly Acmena smithii. Lianes (Cissus and Pandorea pandorana) and ferns are 
abundant. Seedlings of the tree Quintinia sieberi establish as epiphytes on the treefern trunks. The Dagger 
Orchid Dockrillia pugioniformis is epiphytic on the rainforest trees. The semi-epiphytic scrambling plant, 
Fieldia australis, can be found on rocks and lower tree trunks. Columnar basalt is evident at the waterfall.

These distinctive patterns drew Professor A. A. Lawson (who established the John Ray Herbarium) 
and Sydney University students to study vegetation patterns and fire at Mount Wilson in the 1920s; 
their results (e.g. see Brough et al 1924), published in the Proceedings of the Linnean Society of NSW 
are the first ecological vegetation studies in Australia.

In the 19th century many plant collections were made at Mount Wilson including those of amateur 
naturalist Jesse Gregson (of ‘Yengo’) who assisted Botanic Gardens Director Joseph Maiden with 
fieldwork and plant collections. Gregson Park honours Jesse and his son Edward.
Stop 10: Mt Wilson turnoff, Bells Line of Road 
The cutting on the south side of the road is excellent for demonstrating the independence of the original 
sedimentary features of the sandstone, and the more colourful effects of the migration of iron oxides in 
groundwater.

Apart from the cross-bedding of the sandstones, the cutting exposes two easily identifiable 
channels, which can be seen to erode the previously deposited sand.  These structures are traversed 
randomly by yellow, orange and brown concentric layers of iron oxides, which postdate the 
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fundamental structure of the sandstone by millions of years; they are the product of weathering 
processes and migration similar to that employed in chromatographic techniques in chemistry.

Particularly in the western Blue Mountains the movement of iron oxides has resulted in quite heavy 
concentrations.  Because these ‘ironstone’ bands are durable, they weather out, and accumulate on the 
surface as the sand around them is washed away.  These accumulations provided the first source of 
iron ore for the colony, being exploited initially at Mittagong, the site of the first smelting (Fitzroy Iron 
Works), and, to a lesser extent, locally at Lithgow during the early stages of operations of the ironworks.
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