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 The Jenolan Environmental Monitoring Program (JEMP) plays an important role in monitoring 
the environmental condition of the show caves at Jenolan. The program consists of two monitoring 
themes (air and water quality), which provide baseline data for a range of atmospheric and physio-
chemical water parameters in and around the show caves. Data are analysed in bi-monthly condition 
reports, which provide an overview of air and water quality, as well as changes to cave atmosphere 
associated with passing tour groups, or water quality that may originate from human impacts within 
the catchment.   

This paper summarises the key findings from four years (2009-2012) of monitoring cave 
atmosphere. Commercially available equipment is installed at seven locations within the show caves 
and one external site, and measures air temperature, relative humidity, barometric pressure and 
the concentration of carbon dioxide (CO2) on a continual basis every six minutes. The caves were 
characterised by stable air temperature and relative humidity, with average temperatures between 12.5 
and 15.5°C and high relative humidity (96 – 99.9 %). The concentration of CO2 changed significantly 
between seasons in all of the caves except the Temple of Baal, being moderately elevated (up to 
~2000 ppm) during summer and early autumn, and comparable to the external atmosphere in winter 
and early spring. These concentrations of CO2 pose minimal risk to visitors and staff safety, being 
below the limit specified by the Safe Work Australia long term exposure standards.    

Abrupt increases in air temperature occurred in a number of the show caves, most notably 
the Imperial Cave, which experienced increases of up to 0.9°C in <12 minutes. Such increases were 
characteristic of, and generally corresponded to, commercial tours, and rapidly stabilised back to 
the pre-tour temperature after the tour had passed. Similarly, many of the caves experienced abrupt 
increases in the concentration of CO2 as tour groups passed the monitoring site, although the caves 
exhibited different trends in CO2 accumulation, which was largely attributed to differences in airflow 
and ventilation. Not surprisingly, the influence of visitors on the cave atmosphere was generally 
greater during periods of high visitation, when tour groups were larger and more frequent.
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The Jenolan Caves Historical and Preservation Society researchers and surveyors worked 
together to place names on maps being produced by the Jenolan Caves Survey Project. Their sources 
for the cave and feature names were guidebooks, newspaper articles, tourist publications, postcards, 
and photographs. Valuable contributions also came from the oral history supplied by past and current 
guiding staff. From 1838 to the present day, guides have striven to acquaint visitors with the “exotic” 
cave environment, resulting in a tradition of giving features familiar names. To the informed, names 
of caves and formations can take on a hieroglyphic character that can guide you through the history of 
the caves. Being aware of the feature names can give a glimpse of the discoverers, prompt interest in 
the adventures of early visitors and even recognise the work involved in making the caves accessible. 
The result is that over a thousand names have been found that link historically and culturally the 
discoverers, management and visitors.

Efficient mobile mapping of Jenolan Caves using a handheld 3D LiDAR 
System
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Traditional cave surveying methods are time consuming and rely heavily upon manual 
processes for measurement and recording. Recent technological advances have enabled an increase in 
both the quantity and quality of acquired data; but have come with a significant increase in equipment 
cost, and have not addressed the efficiency of the surveying process. We introduce a handheld 
mobile mapping solution called Zebedee, which is capable of efficiently producing high-resolution, 
large-scale 3D maps of caves in the time it takes to walk, climb, or crawl through them. Due to its 
light weight, small size, and ease of use, Zebedee can be carried for extended periods in nearly any 
environment its operator can reach. The system consists of a 2D LiDAR scanner and inertial sensor 
mounted on a spring. The spring amplifies the operator’s natural motion to increase the scanner’s 
field of view. Zebedee collects tens of thousands of range measurements per second within a nearly 
spherical field of view at an effective maximum range of 30-40m (depending on surface properties). 
Custom developed software computes the precise trajectory (position and orientation over time) of 
the scanner origin from the raw LiDAR and inertial data. A 3D pointcloud map of the environment 
can be generated by projecting the laser range measurements through the computed trajectory into 
a consistent coordinate frame. Further processing of pointcloud data can yield a variety of other 
representations, including volumetric models. We have scanned kilometers of cave passages at 
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The Jenolan enigma: a century (plus) of attempts to understand the 
regional geology
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Despite the significance of Jenolan Caves as an Australian tourist icon the general geology 
of the area has received only limited attention. From their discovery by Europeans, probably in the 
1840s, the Jenolan Caves have attracted considerable attention, because of the beauty and variety of 
the formations, which have been widely photographed and described. Mapping of the cave system(s) 
was commenced by the early guides J. Wilson, F.J. Wilson and J.T. Wiburd, and particularly by 
Oliver Trickett who became Government Superintendent of Caves in 1897. This paper sets the karst 
system within the regional geology, and looks at the changing views, often contradictory, in the 
perception of the regional geology, from the 1886 comments by C.S. Wilkinson, writings by T.W.E 
David (1890s), J.M. Curran (1898), C.A. Süssmilch & W. Stone, (1915) and more recent studies by 
Branagan & Packham (1967), University of Sydney staff and students in the 1980s, the former Caves 
Manager, E. Holland, and others.

Although numerous distinct stratigraphic entities were identified, particularly during David’s 
1890s work, major problems were the age and structural relations between these various stratigraphic 
units, caused in part by the limited occurrence of well-defined fossil markers, the complexity of 
folding and faulting, poor quality topographic maps and the difficulties of access to key localities. 
Consequently there were continuing changes of opinion about rock succession ages and relationships, 
and there are still unanswered questions about the regional geology.

Süssmilch & Stone (1915) set out the occurrence of numerous stratigraphic units, but 
the relations between those to the west of the main limestone belt, and those to the east remained 
uncertain. Detailed mapping by Honours students from the University of Sydney during the 1980s 
clarified many aspects of the problem.

Jenolan Caves as part of a collaborative project with scientists at the Australian Nuclear Science and 
Technology Organisation (ANSTO). The maps we have produced contain billions of 3D points, and 
will support ANSTO research by providing high-resolution volumetric models of key areas within the 
caves and above the surface. Three-dimensional models can be viewed, analyzed, and manipulated 
with computer software or manufactured with 3D printing technology. The versatility and efficiency 
of mobile cave mapping with Zebedee has the potential to benefit other areas of scientific study, 
tourism, conservation, and navigation.
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Collaboration, communication and conservation: the importance of 
ongoing research to cave and karst management and effective public 

education
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Scientific understanding, driven by ongoing research, is essential to guiding effective 
management decisions in sensitive environmental areas such as cave systems. Collaboration 
between management and staff at Jenolan Caves, NSW, has led to the development of best 

Systematic cave survey as an exploration tool, and as a baseline for 
scientific studies

1IAN COOPER and 2Philip Maynard

1YTC Resources, 2 Corporation Place Orange 2800. cooperi4@bigpond.com
2University of Technology Sydney, PO Box 123 Broadway 2007.

 Jenolan Caves has a long and complex history of exploration, dating from the mid-19th 
Century.  The survey and mapping of the cave systems has always been intertwined and co-evolved 
with the exploration of the caves:  Exploration has led to the survey and mapping of the caves, and 
survey and mapping has driven exploration of the caves.  Furthermore, the survey efforts at Jenolan 
Caves have provided a resource for research into the physical processes within the caves, and for 
research into anthropogenic modification of those processes.
 This paper will provide a historical context and modern examples of both of these themes.  
The co-evolution of exploration and survey is exemplified by multiple episodes of discovery at 
Jenolan Caves.  A recent example within Wiburds Lake cave will be detailed, from the pre-existing 
survey, to the breakthrough into new cave, to the exploration and survey of the new cave.
 Cave survey is essential as an input to and check of geology and speleogenesis studies.  
Speleogenetic theories must explain the cave morphology recorded.  Statistical examination of 
surveys acts as a guide to dominant cave formation directions and processes with an example from 
Spider Cave demonstrating bedding strike control and orthogonal joint control.  Surveys of the 
Northern Show Caves and Spider Cave demonstrate episodic development of drainage levels with 
sudden drops in levels (due to headward erosion of the Jenolan River causing sudden drops in the 
resurgence level).  
 Survey of the caves needs to be placed in context with surface survey and hydrology 
measurements to illuminate the overall Karst drainage system. This has major implications for, 
among other things, development of tourist infrastructure and catchment management.  An example 
of recent cave surveys combined with surface surveys in the southern limestone of Jenolan will be 
detailed.  The combination of surface and cave surveys is shown to be a powerful resource for further 
research.

Abstract book.indd   4 13/05/2013   2:28:46 AM



3Jenolan Symposium 2013

The Jenolan enigma: a century (plus) of attempts to understand the 
regional geology

BRANAGAN, DAVID

School of Geosciences, University of Sydney, 2006
e-mail: dbranaga@mail.usyd.edu.au

Despite the significance of Jenolan Caves as an Australian tourist icon the general geology 
of the area has received only limited attention. From their discovery by Europeans, probably in the 
1840s, the Jenolan Caves have attracted considerable attention, because of the beauty and variety of 
the formations, which have been widely photographed and described. Mapping of the cave system(s) 
was commenced by the early guides J. Wilson, F.J. Wilson and J.T. Wiburd, and particularly by 
Oliver Trickett who became Government Superintendent of Caves in 1897. This paper sets the karst 
system within the regional geology, and looks at the changing views, often contradictory, in the 
perception of the regional geology, from the 1886 comments by C.S. Wilkinson, writings by T.W.E 
David (1890s), J.M. Curran (1898), C.A. Süssmilch & W. Stone, (1915) and more recent studies by 
Branagan & Packham (1967), University of Sydney staff and students in the 1980s, the former Caves 
Manager, E. Holland, and others.

Although numerous distinct stratigraphic entities were identified, particularly during David’s 
1890s work, major problems were the age and structural relations between these various stratigraphic 
units, caused in part by the limited occurrence of well-defined fossil markers, the complexity of 
folding and faulting, poor quality topographic maps and the difficulties of access to key localities. 
Consequently there were continuing changes of opinion about rock succession ages and relationships, 
and there are still unanswered questions about the regional geology.

Süssmilch & Stone (1915) set out the occurrence of numerous stratigraphic units, but 
the relations between those to the west of the main limestone belt, and those to the east remained 
uncertain. Detailed mapping by Honours students from the University of Sydney during the 1980s 
clarified many aspects of the problem.

Jenolan Caves as part of a collaborative project with scientists at the Australian Nuclear Science and 
Technology Organisation (ANSTO). The maps we have produced contain billions of 3D points, and 
will support ANSTO research by providing high-resolution volumetric models of key areas within the 
caves and above the surface. Three-dimensional models can be viewed, analyzed, and manipulated 
with computer software or manufactured with 3D printing technology. The versatility and efficiency 
of mobile cave mapping with Zebedee has the potential to benefit other areas of scientific study, 
tourism, conservation, and navigation.

Abstract book.indd   3 13/05/2013   2:28:45 AM

4 Jenolan Symposium 2013

Collaboration, communication and conservation: the importance of 
ongoing research to cave and karst management and effective public 

education

DANIEL COVE

4655 Jenolan Caves Rd, Jenolan Caves NSW 2790
dan.cove@jenolancaves.org.au

Scientific understanding, driven by ongoing research, is essential to guiding effective 
management decisions in sensitive environmental areas such as cave systems. Collaboration 
between management and staff at Jenolan Caves, NSW, has led to the development of best 

Systematic cave survey as an exploration tool, and as a baseline for 
scientific studies

1IAN COOPER and 2Philip Maynard

1YTC Resources, 2 Corporation Place Orange 2800. cooperi4@bigpond.com
2University of Technology Sydney, PO Box 123 Broadway 2007.

 Jenolan Caves has a long and complex history of exploration, dating from the mid-19th 
Century.  The survey and mapping of the cave systems has always been intertwined and co-evolved 
with the exploration of the caves:  Exploration has led to the survey and mapping of the caves, and 
survey and mapping has driven exploration of the caves.  Furthermore, the survey efforts at Jenolan 
Caves have provided a resource for research into the physical processes within the caves, and for 
research into anthropogenic modification of those processes.
 This paper will provide a historical context and modern examples of both of these themes.  
The co-evolution of exploration and survey is exemplified by multiple episodes of discovery at 
Jenolan Caves.  A recent example within Wiburds Lake cave will be detailed, from the pre-existing 
survey, to the breakthrough into new cave, to the exploration and survey of the new cave.
 Cave survey is essential as an input to and check of geology and speleogenesis studies.  
Speleogenetic theories must explain the cave morphology recorded.  Statistical examination of 
surveys acts as a guide to dominant cave formation directions and processes with an example from 
Spider Cave demonstrating bedding strike control and orthogonal joint control.  Surveys of the 
Northern Show Caves and Spider Cave demonstrate episodic development of drainage levels with 
sudden drops in levels (due to headward erosion of the Jenolan River causing sudden drops in the 
resurgence level).  
 Survey of the caves needs to be placed in context with surface survey and hydrology 
measurements to illuminate the overall Karst drainage system. This has major implications for, 
among other things, development of tourist infrastructure and catchment management.  An example 
of recent cave surveys combined with surface surveys in the southern limestone of Jenolan will be 
detailed.  The combination of surface and cave surveys is shown to be a powerful resource for further 
research.

Abstract book.indd   4 13/05/2013   2:28:46 AM



5Jenolan Symposium 2013

Feast and famine:  history of cave science at Jenolan

JOHN R DUNKLEY

The Fish River Caves were reserved in 1866 and a Keeper appointed the following year.  
The first scientific descriptions emanated from the government surveyors, who had some training in 
geology, and the occasional peripatetic visitor.  The first was probably Lamont Young, FGS, whose 
observations ca. 1878/79 (he disappeared mysteriously in 1880) were augmented and reproduced by 
CS Wilkinson, LS, FGS in the Railway Guide of NSW, and in a visitor guide by J.J. Foster.  From 
then until 1919 the Annual Report of the Department of Mines chronicled the limited research and 
observational studies undertaken at the time.  A few taxonomic and inventory studies were undertaken 
between 1890 and 1910, better geological descriptions were provided by Süssmilch up to 1915, and a 
few publications (including the first thesis) appeared in the 1920s after the Tourist Department began 
employing science students from Sydney University at Jenolan during their vacations.  Otherwise the 
inter-war period is almost barren of scientific achievement.  

The foundation in 1948 of Sydney University Speleological Society and later expansion of 
the tertiary education system renewed support, but early work was uneven in quality and it was the 
mid-1960s before Australia’s first and only such journal, Helictite provided a peer-reviewed vehicle 
specifically for cave-related research.  Other useful papers over the years are found in the Journals 
of the Royal Society of NSW, the Linnean Society of NSW, Records of the Australian Museum, a 
few foreign speleological serials, and other specialist journals, most demanding subscriptions for 
access.

From 1964 to 1989 about 25 research reports and papers appeared, including the first six of 
21 or so university theses.  There was, however, limited official support and no coordination; indeed 
the responsible authorities of the time discouraged scientific research and most was undertaken by 
enthusiasts.  A promising new research era dawned with consultant recommendations in 1984 by 
the Australian Speleological Federation (ASF) and in 1988 by ASF and Cameron Macintosh.  In 
1986 then Senior Guide Ernst Holland established a Scientific Advisory Committee and in 1990 
was appointed Karst Resources Manager with the Jenolan Caves Reserve Trust, inaugurating in 
1996 a Social and Environmental Monitoring Committee.  Upon his retirement in 2000 the position 
passed to Mia Thurgate but was abolished a few years later, soon followed by abolition of the two 
advisory committees.  During this golden period of 15 years baseline studies commenced, at least 37 
valuable research projects (including some unpublished reports to the Reserve Trust, and 14 theses) 
were undertaken on a wide range of topics: geology, geomorphology, mineralogy, hydrology, water 
and air quality, radon gas, vegetation, invasion of exotic species, Aboriginal heritage, vertebrate 
and invertebrate fauna.  Some student research was supervised by Dr Julia James who served for 

practice approaches in cave redevelopment, monitoring, cleaning and restoration. An effective 
relationship between researchers, management and staff is also required to develop training 
and standards for on-site interpretive guides. A well informed and professionally delivered 
program of interpretative activities is the single most efficacious means of guaranteeing 
long term public awareness and support for conservation of the natural environment at 
Jenolan Caves. Scientific enquiry will struggle in the absence of this public support. A strong 
collaborative approach is particularly important at a karst area such as Jenolan where public 
prominence can be used to provide a ‘flagship’ approach to promotion of cave and karst 
protection extending to all other Australian sites. 
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many years on the Scientific Advisory Committee, augmenting understanding of the caves even if 
not published.  Some have helped inform practical action by, for example, management and guides 
in lighting, cleaning and redeveloping the caves.  Also of value are social science theses and reports 
by, for example, Chandler, Davidson, Horne, Grose and others, which have helped inform visitor 
experience and management.

This review does not account for all valuable research undertaken, and to some extent may 
be biased by multiple publications in different media.  Nor does it rigorously distinguish what might 
be called hard science from applied science.  It does appear that earth science, chemical and air 
studies have numbered twice as many as others.  Some mostly observational material is available 
only in e.g. speleological newsletters, national and international conference proceedings etc., and 
sometimes only as abstracts.  Other observations and constructions remain lodged in archives and in 
the accumulated knowledge of the guiding staff, some speleologists, and others.  

In general the several guidebooks to the caves have dealt very sparingly with scientific 
aspects.  Collations and reviews of ongoing projects have appeared occasionally for nearly a century 
(some externally to Jenolan), dating back to 1923.  In recent years some reviews and summaries have 
appeared in the public domain, but not in a consistent or reasonably accessible manner, and others 
remain inaccessible.  Public interest is evident in media coverage and Trust publicity relating to such 
as the age of the caves and the diving project, but the growing public demand for well-informed 
scientific information on the caves has not yet been satisfied.

Invertebrate fauna of Jenolan Caves

Stefan Eberhard1, GRAEME SMITH2, Michael Gibian3, Michael Gray4 and Helen Smith4

1 Subterranean Ecology Pty Ltd, Perth
2Australian Museum Entomology Dept. and corresponding author

(le_gbsmith@optusnet.com.au)
 3SC Johnson & Son Inc., Sydney

 4 Australian Museum Arachnology Dept

 The invertebrate fauna known from within the caves at Jenolan is summarised.  At least 
128 individual taxa have been identified although less than half are assigned to described species.  
Many of the taxa recorded are accidental visitors to the caves and such adventitious species form an 
important energy source for the true cave inhabitant species.  Over 50 taxa are presently considered to 
be regular cave inhabitants and about one quarter of these possible troglobites or stygobites.  Further 
work by taxonomic specialists is required for the remaining taxa to be completely identified and for 
many new taxa to be described.
 Key groups for further field work are identified and some recommendations given for the 
conservation of cave-dwelling species.
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 The invertebrate fauna known from within the caves at Jenolan is summarised.  At least 
128 individual taxa have been identified although less than half are assigned to described species.  
Many of the taxa recorded are accidental visitors to the caves and such adventitious species form an 
important energy source for the true cave inhabitant species.  Over 50 taxa are presently considered to 
be regular cave inhabitants and about one quarter of these possible troglobites or stygobites.  Further 
work by taxonomic specialists is required for the remaining taxa to be completely identified and for 
many new taxa to be described.
 Key groups for further field work are identified and some recommendations given for the 
conservation of cave-dwelling species.
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Paleoclimate studies on stromatolitic stalagmites

JULIA M. JAMES and Guy C. Cox

School of Chemistry, F11, University of Sydney NSW 2006
jmj@chem.usyd.edu.au

The multidisciplinary study on the stromatolitic stalagmites in Nettle Cave, Jenolan Caves, 
NSW commenced in 1989 and involved a number of investigators. Amino acids were used to prove 
that cyanobacteria (blue-green algae) have been colonizing stalagmites in Nettle Cave throughout 
their entire depositional history. Other experiments demonstrated that they could be implicated in the 
processes that lead to their shape, and deposition and morphology of their calcite layers. The stalagmite 
composition allowed the past climate of Jenolan Caves to be assessed from the calcite and amino 
acids. Additional information was obtained as the sticky surface generated by the cyanobacteria had 
trapped aeolian material such as dust, pollen and flying insects. A meteorological study established 
that the average annual temperature in Nettle Cave was related to the average annual temperature 
of the surface allowing interpretation of O16/O18 stable isotope data to give paleotemperatures. The 
sequential calcite layers in a stalagmite were dated using the uranium series dating method. This 
absolute dating method was compared to amino acid racemization dating. Organic material extracted 
from the calcite layers was used for 14C dating by accelerator mass spectrometry. From the dates it 
was established that the oldest layers at the base of the stalagmite were approximately 20,000 years 
old giving a record which covered the last glacial period.

Extending the geological framework for the development of the Jenolan 
Caves complex and the scientific contribution of 50 years of cave diving 

IAN D. LEWIS

Latrobe University (Bendigo Campus) and South Australian Department of Environment, Water & 
Natural Resources (Science Monitoring & Knowledge Branch), 12 McLachlan Ave,

Glenelg North SA 5045 (ian.lewis2@sa.gov.au)

The Jenolan Caves Limestone (JCL) is ~370MY old and has been subjected to multiple 
extensive modification processes, continuing at the present time. These are so many and complex to 
unravel that considerable research necessarily focuses upon internal cave micro-processes. Providing 
a “Framework” of the history of the JCL from its initial deposition phase may detect the broad 
sequence of agent effects, matchable by observations of features within and throughout the caves 
complex.

Limestones are initially deposited as horizontal bedding and modifications by agents in this 
geological phase leave a clear set of process signatures in such sheets, in a form of “first principles” 
in karst development. The author has association with Australia’s series of very large horizontal 
unaltered karst sheets along its southern coastline. A similar analysis of the much older initial JCL 
bedding can provide a commencement point for a Jenolan development “Framework”. Upon this, 
later identified phases can be overlain including the geological “Jenolan Megakink”, Sydney Basin 
uplift, classic “Top Down” vadose karst development and the more recently identified “Bottom Up” 
influences of phreatic and hydrothermal genesis.
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The primary agents of karst development are tectonics and hydrology. Tectonics extend 
much further beyond a karst unit’s boundaries and almost always guide the hydrology. At Jenolan, 
50 years of cave diving has been able to explore the hydrology within the JCL karst unit and has now 
cross-connected the internal stream systems. Cave diving is now able to probe these stream sources 
towards the geological extremities of the JCL, thus expanding our understanding of earlier karst 
processes and constraints. 

This is achievable due to recent exponential advances in scuba equipment, underwater 
lighting, underwater surveying techniques/tools/photography and a greatly increased capacity for 
cave divers to record scientific data while underwater. This includes the additional analytical tools 
of water temperature measurements, hydrochemical sampling and biological distribution patterns 
(eg detecting Stygofauna). In particular, these enhanced skills can be applied to the implications of 
hydrological depth within the Jenolan Caves system as expressed in the Northern Limestone intake 
via the Mammoth Cave system. 

Vertebrate fauna of Jenolan Karst Conservation Reserve

ANNE M. MUSSER

Jenolan Caves/Australian Museum

 Limestone/karst areas provide important habitat for many species of plants and animals, 
and often serve as refugia for species whose habitat has contracted or otherwise been lost. The 
Jenolan Karst Conservation Reserve (JKCR) is home to many vertebrate animals, including rare, 
vulnerable or endangered species such as the brush-tailed rock-wallaby (Petrogale penicillata), 
spotted-tailed quoll (Dasyurus maculatus) and Sooty Owl (Tyto tenebricosa). However, until recently 
there have been few studies to quantify vertebrate species and identify gaps in our knowledge. On-
site observations and recent targeted faunal surveys, however, are helping to greatly expand our 
understanding. Historic to recent floral/faunal observations were recently compiled by guide Ian 
Eddison (Eddison 2008), and vertebrate faunal observations are an ongoing project of this author and 
colleagues at JCRT. Unusual sightings are recorded by guides and other staff (journal dating from 
2009) and provide an almost-daily recording of faunal events (e.g., two records of koala sightings 
or aural observations in 2010 and 2012). Observations are made from the caves tourist precinct, 
walking trails, living quarters and roads. Many ‘hot spots’ have been identified, including the highly 
trafficked Grand Arch, which is home to brush-tailed rock-wallabies, quolls, bats and rock warblers. 
Extreme weather events such as the heatwave of early 2013 allowed observation of the movements 
and behaviour of animals, suggesting potential responses to threats such as climate change. A recent 
faunal survey of vertebrate species at Jenolan was conducted by the Office of Environment and 
Heritage (OEH) in February, April and May of 2011. A species inventory of amphibians, diurnal and 
nocturnal reptiles, diurnal and nocturnal birds, bats, arboreal and ground-dwelling mammals on the 
Reserve was compiled by the NPWS project team with the involvement of Jenolan staff (including 
this author). Methods employed by the NPWS team included dawn/dusk searches (herpetofauna, 
platypuses, water rats, bat counts); hair-tube and scat sampling; infrared cameras/spotlighting/fauna 
calls (nocturnal arboreal mammals); streamside searches (frogs); nocturnal call playback (threatened 
owl species); owl pellet collection and analysis; harp trapping and anabat call recording (bats); 
and roadkill collection. Identified priorities include cave-dwelling bats, small to medium-sized 
mammals that appear to have been lost from the Reserve, analysis of sub-fossil owl pellet deposits 
and monitoring of rock-wallabies. Quoll numbers were high for the size of the Reserve, suggesting 
that JKCR is critical habitat for this endangered species. Other essential activities include ongoing 
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there have been few studies to quantify vertebrate species and identify gaps in our knowledge. On-
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Eddison (Eddison 2008), and vertebrate faunal observations are an ongoing project of this author and 
colleagues at JCRT. Unusual sightings are recorded by guides and other staff (journal dating from 
2009) and provide an almost-daily recording of faunal events (e.g., two records of koala sightings 
or aural observations in 2010 and 2012). Observations are made from the caves tourist precinct, 
walking trails, living quarters and roads. Many ‘hot spots’ have been identified, including the highly 
trafficked Grand Arch, which is home to brush-tailed rock-wallabies, quolls, bats and rock warblers. 
Extreme weather events such as the heatwave of early 2013 allowed observation of the movements 
and behaviour of animals, suggesting potential responses to threats such as climate change. A recent 
faunal survey of vertebrate species at Jenolan was conducted by the Office of Environment and 
Heritage (OEH) in February, April and May of 2011. A species inventory of amphibians, diurnal and 
nocturnal reptiles, diurnal and nocturnal birds, bats, arboreal and ground-dwelling mammals on the 
Reserve was compiled by the NPWS project team with the involvement of Jenolan staff (including 
this author). Methods employed by the NPWS team included dawn/dusk searches (herpetofauna, 
platypuses, water rats, bat counts); hair-tube and scat sampling; infrared cameras/spotlighting/fauna 
calls (nocturnal arboreal mammals); streamside searches (frogs); nocturnal call playback (threatened 
owl species); owl pellet collection and analysis; harp trapping and anabat call recording (bats); 
and roadkill collection. Identified priorities include cave-dwelling bats, small to medium-sized 
mammals that appear to have been lost from the Reserve, analysis of sub-fossil owl pellet deposits 
and monitoring of rock-wallabies. Quoll numbers were high for the size of the Reserve, suggesting 
that JKCR is critical habitat for this endangered species. Other essential activities include ongoing 

Abstract book.indd   8 13/05/2013   2:28:48 AM



9Jenolan Symposium 2013

control of feral animals by NPWS (foxes are a serious threat to species such as P. penicillata if not 
controlled); vigilance by caves staff in reporting occurrences of feral animals, continuation of regular 
monitoring and reporting of species sightings to wildlife authorities (e.g., to the OEH Atlas of NSW 
Wildlife).  

Acknowledgements: NPWS (Kylie Madden, Ben Hope, Narwan Williams, Clive Barker): JCRT staff (Ian 
Eddison; Sasa, Richard and Stephen Kennedy; Dan Cove).
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Vertebrate Palaeontology at Jenolan Caves

ANNE M. MUSSER
(POSTER)

Jenolan Caves/Australian Museum

 Jenolan Caves has not previously been recognised for its palaeontological history; it has 
been overlooked in part because of the focus on the megafauna of Wellington Caves in the early days 
of cave exploration in New South Wales (an ‘accident of history’), and in part because Jenolan has 
not previously attracted sustained research effort (one stated reason for holding the present Jenolan 
Symposium). The only comparatively recent study of vertebrate remains at Jenolan was the excavation 
of owl pellet sub-fossil remains in the Nettle Cave dating from the Pleistocene to the present (Morris 
1991; Morris et al. 1997), suggesting Jenolan had a much more diverse small mammal fauna prior to 
the arrival of Europeans. However, Jenolan – like most caves – has preserved the bones of numerous 
animals from the past, and there is a wealth of vertebrate bones in both the show caves and wild 
caves. A recent study dating cave sediments suggests that Jenolan caves are some of the oldest known 
(Osborne et al. 2006), further implying that Jenolan should contain a rich and varied (and possibly 
quite ancient) assemblage of vertebrate remains. This report details preliminary surveys for vertebrate 
bones conducted in the cave system, the identification of bones in situ, and formulation of plans for 
future excavations. Show caves surveyed for bone deposits include the Lucas (Bone Cave), Chifley 
(Wilkinson’s Branch and Gravel Pit), Imperial (Jersey Cave, Faeries Retreat), Orient (including 
Ribbon) and River caves. Wild/adventure caves surveyed include Aladdin, Mammoth, Hennings 
and Midden caves. Preliminary results suggest that megafauna were (not surprisingly) present at 
Jenolan, including a large diprotodontoid (almost certainly Zygomaturus, and not Diprotodon as 
first reported). Several caves have thylacine bones, including Midden Cave and Jersey Cave, where 
carnivore bones have been positively identified as that of a young thylacine rather than dingo as 
stated in some accounts. Bat bones are common, as might be expected, and can be found in the 
Lucas, Chifley, Orient/Ribbon and Mammoth caves. A huge guano/bone deposit under an old roost 
in the top chamber (‘Mons Meg’) of the River Cave is of special interest. Delegates attending a bat 
workshop held at Jenolan in March 2012 helped identify bat bones seen along the tourist paths, 
including the remains of an eastern horseshoe bat (Rhinolophus megaphyllus) in the Ribbon Cave. 
Future plans include 1) continuation of survey work on the extant fauna of JKCR, expanding and 

Abstract book.indd   9 13/05/2013   2:28:48 AM

10 Jenolan Symposium 2013

refining understanding of present biodiversity (see Musser, this symposium); 2) continued surveying/
compiling of reports on the presence, abundance and identity of vertebrate bones within the show 
cave and wild cave system; 3) prioritising areas for excavation; and 4) planning and implementing 
limited excavation(s) for high-priority projects.
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Understanding the origin and evolution of Jenolan Caves: the next steps

R. ARMSTRONG L. OSBORNE

Faculty of Education & Social Work, A35, University of Sydney, NSW 2006.
armstrong.osborne@sydney.edu.au

 The dating of cave and surficial sediments by Osborne et al (2006) provided the first absolute 
dates ancient materials at Jenolan Caves. These dates suggested that some sections of accessible 
caves were likely have formed in the Early Carboniferous, before the deposition of volcaniclastic and 
mass-flow sediments dated at 340Ma. The dating also indicated that some mass-flow sediments were 
younger, dated at 303Ma. The growth of secondary fine illite, dated at 258Ma & 240Ma was taken to 
be evidence for burial of the caves under the Sydney Basin.  These dates meant that a new chronology 
for cave development at Jenolan was required to supersede that of Osborne (1996). Construction of 
this new chronology has raised more questions than answers. It was previously thought by both me 
and others that the oldest caves, residual surface sediments and or/palaeokarst deposits could be Late 
Carboniferous to Early Permian in age, representing the initial phase of Sydney Basin sedimentation, 
and that all large and accessible caves would have formed after stripping of the Sydney Basin probably 
in the late Mesozoic or Early Tertiary. This can no longer be true. The large cupola chambers such 
as the Temple of Baal must have been excavated before 340Ma and undergone at least two filling 
events, one at 340Ma and another at 303Ma. There are many dating problems and other puzzles 
to be solved. The most important dating problems concern the age of the caymanites, which are 
clearly older than 340Ma and could provide a maximum age for Early Carboniferous folding and 
the age of the paragenetic sediments, which appear to the younger than 303Ma, but it is not clear 
if they represent a pre or post Sydney Basin event. Much more fieldwork, sediment stratigraphy, 
sedimentology, morphostratigraphy and dating is required to resolve the complex history of Jenolan 
Caves. Significant funds and several PhD students would need to be engaged to make progress with 
this work. 
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control of feral animals by NPWS (foxes are a serious threat to species such as P. penicillata if not 
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Overview of the geology of the Jenolan Caves area

John Pickett and IAN PERCIVAL

Geological Survey of NSW, WB Clarke Geoscience Centre, Londonderry 2753

 The Jenolan Caves are developed in the Jenolan Caves Limestone, one of many Upper 
Silurian carbonate deposits in the Lachlan Orogen. The age of the Jenolan Caves Limestone is 
middle Ludlow (Late Silurian), based on reasonably precise evidence from conodonts (acid-resistant 
microfossils widely used for biostratigraphic dating and correlation). This is consistent with other 
better dated Upper Silurian limestones in central New South Wales. Macrofossils such as tabulate 
and rugose corals, and sponge-like stromatoporoids that are found in the Jenolan Caves Limestone 
suggest that it accumulated in a shallow water, well-circulated marine environment. Volcaniclastic 
rocks lying ca. 50 m above the limestone and apparently conformable within the succession are 
undated, but indicate proximity to a source of acid igneous rock. Exposed in the nearby vicinity of 
the Caves are Middle Devonian rhyolites (acid volcanics) and extensive sedimentary deposits of the 
Upper Devonian Lambie Group. The sequence of rocks from the Upper Silurian to Upper Devonian 
is discontinuous, involving intervals of uplift, erosion and non-deposition, that are of critical 
importance to cave formation. Some 60 million years, intervening between the end of Lambie Group 
sedimentation and the initiation of the next regionally extensive depositional episode in the Early 
Permian, provides adequate time for extensive karstification and cave formation with Carboniferous 
infill. What remains unclear is whether the limestone was sufficiently close to the surface at this 
time for cave development to proceed. Regional thermal metamorphism and uplift associated with 
multi-stage intrusion of the extensive Bathurst Batholith, of Early Carboniferous age, may also have 
played an important role in the early development of the cave systems. Analysis of the entire post-
depositional history of the Jenolan Caves Limestone is crucial to understanding development of the 
caves systems at Jenolan and elsewhere in the Lachlan Orogen. 

Minerals of Jenolan Caves: geological and biological interactions

R.E. POGSON1,  R.A.L. Osborne2 and D.M. Colchester1

1Geoscience (Mineralogy and Petrology), Australian Museum, Sydney, NSW 
2Faculty of Education and Social Work, University of Sydney, NSW 

 Geological and biological processes occurring in the Jenolan Caves have formed a wide 
range of mineral species spanning several chemical groups. So far 22 mineral species have been 
either confirmed, or identified for the first time at Jenolan, and no doubt more remain to be discovered. 
Mineral species identified include carbonate; (calcite, aragonite, hydromagnesite, huntite, dolomite 
and ferroan dolomite, ankerite); sulfate, (gypsum); phosphate, (ardealite, hydroxylapatite, taranakite, 
?leucophosphite, variscite, crandallite, montgomeryite); nitrate (niter); chloride, (sylvite); oxide, 
(quartz and poorly crystalline silica, hematite, romanèchite); hydroxide, (goethite), and silicate: 
(illite, kaolinite, montmorillonite clays) chemical groups. The phosphates and some gypsum formed 
when bat and wallaby guano reacted chemically with limestone and cave clays. The niter and sylvite 
have crystalized out from breakdown products of the guano. Gypsum has also been formed from the 
breakdown of pyrite in altered bedrock or dolomitic palaeokarst. 
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 Further research is required on the mode of formation of non-calcite carbonates. Dolomitized 
bedrock and ankerite veins can be recognised as the magnesium source of some magnesium carbonate 
minerals, as well as supplying a calcite inhibitor favouring aragonite formation. However, this 
association is not apparent in other deposits where field relationships and magnesium sources are 
unclear. The cave clays appear to have several origins. Some clays are detritus washed into the caves 
from outside, some may have formed as alteration products caused by the upwelling of hydrothermal 
fluids, while some may have formed from the argillic alteration of dolomitized bedrock.
 Analytical methods used to characterize the minerals included X-ray diffraction, polarized 
light microscopy, ultraviolet fluorescence, scanning electron microscopy, energy dispersive X-ray 
spectrometry, X-ray fluorescence, K-Ar dating, inductively-coupled plasma mass spectrometry, laser 
Raman and infrared spectrometry, and sulphur and oxygen isotope determinations.

Assessing the microbial composition of extant cave stromatolites from 
Nettle Cave, Jenolan Caves

D. VARDEH, B. Burns and B.A. Neilan
(POSTER)

School of Biotechnology and Biomolecular Sciences, The University of New South Wales, Sydney 
NSW 2052 (d.vardeh@unsw.edu.au)

 Stromatolites are accreted laminary structures that host microbial communities exhibiting a 
wide array of metabolitic activities on their surface. Having been the dominant life forms on early 
Earth, living stromatolites can now only be found in few places around the world, mostly in systems 
that exclude eucaryotic competition due to unfavourable conditions. Cave stromatolites in Nettle Cave, 
Jenolan Caves, show a peculiar “lobster” morphology shaped by wind and water formation patterns 
but very few studies have been done on the microbial community composition. Cyanobacteria of the 
genus Gloeocapsa have been identified by Cox et al. (1989) from surface scrapings and numerous 
filamentous cyanobacteria have been shown to be responsible for allochthonous sediment trapping, 
similar to lacustrine and marine stromatolites. Amongst heterotrophic microbes, that derive energy 
from organic carbon, sulphate reducers perform a major role in the cycling of nutrients between the 
anoxic and oxic layers of extant stromatolites.
 In this study, preliminary analysis of the diversity and function of the microbial community 
on Nettle Cave and Wombeyan Cave stromatolites is presented. Cores were drilled from active and 
non-active stromatolites and separated into surface and deep layer samples. Cyanobacteria have 
been confirmed to be present in the majority of samples, with the exception of some deep horizons. 
The identity and diversity of sulphate reducing microbes inhabiting Nettle Cave stromatolites, 
as determined using molecular analyses, will be presented. Furthermore, by applying Automated 
Ribosomal Intergenic Spacer Analysis (ARISA), a measure of microbial diversity and compositional 
homogeneity between active and inactive stromatolites from both cave systems will be established. 
Comparison between caves may give clues on the potentially unrestricted ability of microbes to 
spread, as postulated in Baas-Becking’s “everything is everywhere” hypothesis of 1934. This study 
also addresses a fundamental lack of knowledge regarding the microbial processes that contribute 
to the formation of stromatolithic structures within cave systems, providing an insight into the 
composition and function of these organolithic communities. 
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Overview of the geology of the Jenolan Caves area

John Pickett and IAN PERCIVAL

Geological Survey of NSW, WB Clarke Geoscience Centre, Londonderry 2753

 The Jenolan Caves are developed in the Jenolan Caves Limestone, one of many Upper 
Silurian carbonate deposits in the Lachlan Orogen. The age of the Jenolan Caves Limestone is 
middle Ludlow (Late Silurian), based on reasonably precise evidence from conodonts (acid-resistant 
microfossils widely used for biostratigraphic dating and correlation). This is consistent with other 
better dated Upper Silurian limestones in central New South Wales. Macrofossils such as tabulate 
and rugose corals, and sponge-like stromatoporoids that are found in the Jenolan Caves Limestone 
suggest that it accumulated in a shallow water, well-circulated marine environment. Volcaniclastic 
rocks lying ca. 50 m above the limestone and apparently conformable within the succession are 
undated, but indicate proximity to a source of acid igneous rock. Exposed in the nearby vicinity of 
the Caves are Middle Devonian rhyolites (acid volcanics) and extensive sedimentary deposits of the 
Upper Devonian Lambie Group. The sequence of rocks from the Upper Silurian to Upper Devonian 
is discontinuous, involving intervals of uplift, erosion and non-deposition, that are of critical 
importance to cave formation. Some 60 million years, intervening between the end of Lambie Group 
sedimentation and the initiation of the next regionally extensive depositional episode in the Early 
Permian, provides adequate time for extensive karstification and cave formation with Carboniferous 
infill. What remains unclear is whether the limestone was sufficiently close to the surface at this 
time for cave development to proceed. Regional thermal metamorphism and uplift associated with 
multi-stage intrusion of the extensive Bathurst Batholith, of Early Carboniferous age, may also have 
played an important role in the early development of the cave systems. Analysis of the entire post-
depositional history of the Jenolan Caves Limestone is crucial to understanding development of the 
caves systems at Jenolan and elsewhere in the Lachlan Orogen. 
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3D models as a better way understand complex cave systems

ALAN WARILD

41 Northwood Street, Newtown 2042
alw@exemail.com.au

 This presentation will discuss the surveying data required to prepare a 3D model. It uses the 
available data taken for a traditional map. Only for large caverns was more detailed data taken in 
order to preserve the resolution of the map.  The software used to prepare the final 3D maps will be 
briefly discussed. A 3D model of the Jenolan Cave System will be used to illustrate that they can be 
viewed from any angle to clearly see the relationships between passages, flipped to a profile view to 
see levels or flipped the other way because some large cavern is obscuring smaller passage. The cave 
can be presented in context with the surface above it, and inside the block of limestone within which 
it is formed. The cave system can be viewed as a whole or zoomed into to study points of interest. 
3D models allow us to visualize the cave system and are a useful tool to further understand geology, 
geomorphology and hydrology.

How weather and climate drives Chifley Cave speleothem growth
CHRIS L. WARING and Stuart I. Hankin

ANSTO Institute for Environmental Research
chris.waring@ansto.gov.au

 Speleothem growth band variations in chemical and isotopic composition are used to infer 
palaeo-climatic conditions.  Interpretation of speleothem palaeo-climatic records may be improved 
by matching analysed sub-samples to the represented elapsed time and prevailing weather or climatic 
conditions.  Analysed sub-samples may represent a month for rapid growth speleothems or many 
years for slow speleothem growth.  Speleothem growth may also be seasonally biased affecting the 
palaeo-climate record.  To better understand the temporal fine scale of speleothem growth patterns 
we have principally used CO2 concentration in cave air.  As CaCO3 is precipitated to accrete a new 
speleothem layer, CO2 is released to the atmosphere.  However, CO2 may also come from other 
sources.  To discriminate between different sources a real-time isotopic CO2 analyser, located near 
the entrance to Chifley Cave, is used.  Cave air is sequentially sampled for 10mins from 4 internal and 
2 external locations and analysed for H2O, CH4, CO2, and δ13CCO2.  The 3 principal sources of CO2 are 
external air, speleothem growth and soil-air.  The proportion of each CO2 source contributing to the 
total cave air CO2 is calculated for each sampled Chifley Cave location.  CO2 exhaled from passing 
tour groups is often recorded as a minor rapid increase before subsiding to the previous background 
over 10-15 mins.  Cave air CO2 shows a seasonal (summer maximum) and often a diurnal cycle, from 
a minimum late morning to a maximum in the late evening caused by ventilation of external low CO2 
air.  Differences between the external temperature and the near constant cave air temperature causes a 
buoyancy contrast which drives bi-directional cave air ventilation.  On hot days cool cave air (11°C) 
sinks into the Grand Arch and is replenished by sucking external air from the Plughole cave opening.  
The slightly lower cave atmospheric pressure on hot days also causes soil-air rich in CO2 to seep 
into Chifley Cave, notably at the bottom of Katies Bower.  On cold winter days relatively buoyant 
warm cave air escapes via the Plughole 70m above and through minor fissures reversing the summer 
pattern.  A detailed description of the speleothem growth pattern in response to external temperature 
variation is presented.
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Conservation Issues and Science at Jenolan

BRUCE WELCH

 Conservation issues at Jenolan have driven scientific work in two ways. 
 Firstly the challenging of poor management and inappropriate development led to the 
preparation of the 1988 Plan of Management. This included some scientific research during the 
preparation of the PoM and the setting up of a Scientific Advisory Committee
 The other driver of scientific work (although limited) is the preparation of development 
applications for works at Jenolan. An example of this is the geotechnical studies carried out in 1991 
by Coffey Partners International Pty Ltd as part of a development proposal.
 What is revealed in the various plans of management, consultants’ reports and the like is that 
scientific knowledge of Jenolan is still very limited.
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