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Proposed Sheldon Forest geotrail, Ku-ring-gai
The existing Sheldon Forest walking track just south of the Turramurra shops is already a popular 

walking track. Adding a story of geology and landscapes would add more interest to this track as it meanders 
through the beautiful bushland of Sheldon Forest, along ridge tops, through open forest on the hill slopes 
and down to the creek side. Sheldon Forest is of high conservation status because it contains some of the last 
remnants of the endangered ecological communities, i.e., Sydney Turpentine-Ironbark Forest and Blue Gum 
Forest (https://www.krg.nsw.gov.au/Things-to-do/Bushwalking-tracks/Sheldon-Forest-Track).

Proposed Bicentennial Park dolerite dyke geosite, Ku-ring-gai
The main cliff face backing the small central oval in Bicentennial Park, West Pymble, was originally a 

quarry face. A narrow, vertical, east-west striking dolerite dyke (Figure 82) cuts the Hawkesbury Sandstone 
towards the southern end of the face (Martyn 2018; Branagan and Packham 2000).

The sandstone up to 2.0 to 5.0 m away from both contacts has been recrystallised to quartzite, quartz 
having replaced the native ferrous carbonate cement as an overgrowth to the quartz sand grains. Samples 
of this sandstone were analysed in 1948 and show that quartz has locally been recrystallised to a high 
temperature polymorph of platy silica known as tridymite (Osborne 1948). This crystal form implies the 
intrusion of the dolerite occurred under low pressures and heated the adjacent sandstone to temperatures in 
the range of approximately 870 to 1,4700 C. 

Proposed diatremes geotrails and geosites, Hornsby
Hornsby Council is fortunate to have the former Hornsby quarry available for development of a parkland 

for community use. The quarry is of international significance as it exposes a large diatreme composed of 

Figure 81. Map of Browns Field, Wahroonga.
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rocks injected through Sydney Basin sediments, complete with volcanic features visible at many scales, with 
post-volcanic features related to magma and gas extrusion at various depths, and with different host rocks. 
Council has committed resources over the next 12 months to redevelop the former quarry into a prime tourist 
destination as Hornsby Park. By combining the Hornsby diatreme with the nearby Thornleigh diatreme, 
which can be accessed along an existing walking track that follows Larool Creek, they could both form part 
of a future ‘Sydney Volcanics Geotrail.’

Proposed West Head geotrail, KCNP
The West Head Road or associated walking tracks on the Lambert Peninsula could be the basis of a 

suitable geotrail to illustrate the integrated nature of the landscape of the Hornsby Plateau. 
The proposed West Head geotrail travels along West Head Road from the intersection of General San 

Martin Drive to West Head Lookout (Figure 83). The 12 km trail runs roughly north-south along the upper 
surface of the Hawkesbury Sandstone covering nine accessible geosites within the KCNP. Information 
about these geosites could be disseminated through brochures, information boards, a phone application, 
and QR codes. There are numerous excellent photo points, plentiful and varied wildflowers at any time 
of the year and opportunistic viewing of fauna, particularly birds. Some sites lead to well exposed shale 
beds crosscut by a sandstone channel where both sheet facies and massive facies sandstone are present. 
Elsewhere, siderite/ironstone layers in the shale can be traced to form stone lines in the soil mantle that have 
been incorrectly described as detrital ‘laterite.’ Where a soil profile is evident the surface layer can be seen 
to be formed from sandstone weathering products showing the importance of the biomantle as a discrete soil 
material. Several sandstone platform sites show extensive tessellated pavements (Branagan 1968), numerous 
vegetation islands and significant Aboriginal rock engravings. 

At West Head at the northern end of the geotrail, there are magnificent views over Pittwater to Barrenjoey 
and over the mouth of the Hawkesbury River to Lion Island. In clear view in the cliffs is a full sequence of 

Figure 82. Dyke outcrop in an old quarry face at Bicentennial Park, West Pymble.
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the Hawkesbury Sandstone above the Narrabeen Group sedimentary rocks and the drowned valley reflects 
the effects of post-glacial sea level rise and the geomorphic history of Pittwater and the Palm Beach isthmus. 
Opportunities to interpret and reflect on the effects of volcanic intrusion on soil development and vegetation 
and the related links to both Aboriginal and European occupation and use of area are also available. 

Figure 83. Map of proposed West Head geotrail.
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CONCLUSION – FUTURE POTENTIAL OF THE KGR AS AN ASPIRING UNESCO GLOBAL 
GEOPARK (A.M. Robinson)

In Australia, a GeoRegion can be considered as a defined area of natural and cultural heritage which highlights 
outstanding geoheritage features (i.e., geosites) around which geotrail and potential geopark projects can be 
developed. Two GeoRegion projects (one of which is the KGR) are now being developed within Australia as pilots 
under the auspices of the NGS), an initiative of the Australian Geoscience Council (AGC 2021).

The KGR is currently being assessed with the long-term intentions of it being nominated as an Aspiring 
UNESCO Global Geopark. This is of course subject to community consultation and support, and State and 
Australian Government approval to be sought over the next few years. The establishment and development of 
the KGR and its associated geosites and geotrails represents a significant first step in realising this aspiration. 

Having regard to the hitherto unsuccessful history of geopark development in Australia (Robinson 2022), 
the NGS recognises that any geopark proposal should, in the initial stages of project conceptualisation, adopt a 
nomenclature which removes reference to the word ‘geopark’ and focuses instead on communicating the concept 
of a ‘GeoRegion’. This approach offers the opportunity for proponents within Australia using the language of 
GeoRegions to explore various alternative options for geotourism, which are not hampered by notions of a 
single tenure and regulatory approach. These would strongly focus on the establishment of themed geotrails 
which link geoheritage sites, some of which may already have been established as geological ‘monuments’ or 
recognised in state or national geoheritage registers. From an UNESCO evaluation perspective, this approach 
also serves to establish a status of a ‘de facto’ geopark, a pre-requisite for any Aspiring UNESCO Global 
Geopark nomination (UNESCO Global Geoparks 2022).

As a NGS pilot project, it is envisaged at some future time, a final report with recommendations will 
need to be prepared by a designated proponent (structured as an incorporated management entity) for initial 
submission to the NSW State Government. This report will no doubt need to include final support sought from 
the GSNSW, planning and environment agencies, and other state and federal government agencies responsible 
for land and resource management. In the case of the KGR, it is axiomatic that the project has the backing of 
the three Councils embracing the area, as well as the NPWS as the major manager of public land (KCNP and 
other protected areas) in the KGR to ensure that visitor impacts are responsibly managed.

As the initiating proponent, FOKE has been seeking recognition of the significant natural and cultural 
heritage values as exemplified by the wide range and number of identified geosites that exist within the KGR. 
In NSW nearly 100 geosites have already been identified statewide (Cartoscope 2018), but these are generally 
widely scattered rather than being relatively concentrated within a localised GeoRegion. 

D. Robson (above) has discussed the key ABC (Abiotic, Biotic, Cultural) elements that apply to recognition 
of geotrails within a GeoRegion. The geology and geomorphology, mantled by the soil profiles, provides the 
foundation for vegetation communities that are also in part controlled by proximity to fresh and saltwater and 
microclimatic conditions. In turn the fauna of the region is dependent on the vegetation for protection, habitat, 
and food resources. Likewise, the original Aboriginal inhabitants of the land fully utilised its abiotic and biotic 
elements in their daily lives, as recorded in the wealth of sites detailed in this paper. In the concluding remarks 
to the evaluation of the KGR, it is appropriate to briefly review each of its salient elements.

Salient Elements of the KGR

Abiotic 
In understanding the geology of the KGR, J. Martyn (above) has argued that it is important to consider the 

depositional position of the Permo-Triassic Sydney Basin which lay around 5 to 10o south of where Macquarie 
Island sits today, with widespread glaciation of its continental hinterland a big part of its Permian history. The 
abundant ice-rafted glacial dropstones of the South Coast Permian are part of this story. The Permian coal measures 
were compacted from peat laid down in boreal rather than tropical swamp forests, and red beds like the Triassic 
Bald Hill Claystone clearly had a different origin to the hot desert setting of British Triassic red beds. 

The Sydney Basin evolved as the foreland basin of an alpine mountain front, deepening sharply against the 
rising New England Fold Belt to the north, like the trough in front of an ocean swell, with its sediments fanning 
out and flattening to the south-west and south over the worn-down Lower Palaeozoic basement rocks of the 
Lachlan Fold Belt. It captured a strong influx of sediment from the rising fold belt. In Late Permian to Early 
Triassic times, volcanoes of shoshonitic composition lay to the east, pouring out lava flows and ash clouds that 
locally put a strong imprint on the sediments. 
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The end-Permian global extinction event at 252 million years was triggered by massive eruptions in far-
away Siberia that profoundly changed the climatic conditions, abruptly terminating coal seam formation.

The KGR draws on all these influences. The classic geology of the Narrabeen Group along the Northern 
Beaches coastline features rocks like Bald Hill Claystone that formed from the in-situ weathering of riverine 
debris washed in from the shoshonitic volcanic ranges. The Newport Formation of coastal cliffs like Avalon 
and Bungan Head carries conglomerate bands sourced almost certainly from several hundred kms to the north, 
in an active mountain belt in what is now the New England part of NSW.

The thick quartz lithic sandstones and interlayered laminites today support endangered littoral rainforest 
and the beautiful Pittwater Spotted Gum Forest of the Pittwater shoreline, both floral highlights of the KGR. 
The 230 m thick, quartz-rich Hawkesbury Sandstone that overlies the Newport Formation and underpins the 
extensive tablelands of KCNP, is the braid plain deposit of a massive river system, with distant catchments 
extending to what is now Antarctica. Its preserved ancient land surface is florally rich and diverse, ranging from 
woodlands and shrublands to upland swamps. KCNP’s drowned valley coastline is a classic of its type and a 
local scenic wonderland (Figure 84), a theme which echoes the perspective of Trueman (1938) who proposed, 
‘everyone interested in countryside, how it has taken shape, why it presents us with the varied beauties of 
mountain and woodland, river valleys and fertile meadows, is, if often unconsciously, appreciating its geology’. 

Assessment so far of the abiotic attributes of the KGR has also highlighted evidence of Jurassic volcanic 
activity within the Sydney Basin, in particular the outstanding diatreme geosite at the former Hornsby Quarry. 
Development of this feature as the centrepiece of the new Hornsby Park will ensure that this example of 
world class geoheritage is protected and becomes available for public education and enjoyment through the 
development of geotrails and other geotourism activities. 

Figure 84. A waterfall in Refuge Bay, Cowan Waters. A popular boating destination which offers both 
geological, geomorphological (e.g., examples of massive sandstone, flooded river valley and knickpoint), 
and cultural heritage (i.e., Aboriginal, exploration and naval history values) promotional opportunities.

The geomorphic feature of drowned valleys highlights the impact of substantial, post-glacial sea level rise 
in the Pleistocene Epoch of the Quaternary Period.

Currently over 50 geosites within the KGR have been identified as being very worthy of visitation. The GSA 
has proposed a practical process for identifying suitable geosites/geotrails with subsequent detailed assessment 
to be followed for any selected geosites for geotrail development. Other geosites might be identified as of 
sensitive cultural/geoheritage significance and are not developed for geotrails. So far, it has been proposed that 
geotrail development (based on six localities supported by the three Councils and the NPWS) within the KGR 
will provide a basic understanding of the geology and landscapes which shape the character of this region. 

Whereas the study of soil landscapes is often overlooked in geoheritage investigations, this is certainly 
not the case for the KGR which is shaping up as a significant laboratory for future soil research in the science 
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of pedology. P, Mitchell (above) has outlined fundamental work already carried out in the region, involving 
the recognition of discrete soil materials rather than profiles, and development of a new genetic model of soil 
evolution and distribution by adopting a stratigraphic approach to soil landscapes as a definitive feature of 
Holocene geology. He has also argued that most previous studies failed to consider the role of the biosphere 
and the importance of geomorphic processes.

Geology is a major influence and control on vegetation in the KGR. There are many other abiotic influences, 
especially terrain and microclimate, including distance or protection from the exposed, windy coast, but then 
geology’s influence on terrain also has a critical downstream effect on microclimates. 

Biotic
Vegetation communities in the KGR range from northern warm temperate rainforests and North Coast wet 

sclerophyll forest in areas of richer soil or sheltered gullies to coastal headland heaths, maritime grasslands directly 
on the coast and estuarine mangroves, saltmarsh, and sea grass meadows. Sydney coastal dry sclerophyll forests 
and Sydney coastal heaths come in many forms that frequently intergrade and complement each other as the broad 
ridgetops give way to sloping and often steeply eroded hills. As such, these classes dominate much of the area with 
large continuous stands in KCNP. Whilst there is infinite variation in form because of fire history, aspect, topography, 
and recent climactic conditions, these vegetation classes show consistent traits of high structural diversity.

As shown by J. Walsh (above), distribution of the diverse fauna of the KGR is closely related to vegetation 
communities and therefore geomorphology, soils, and underlying geology. The multitude of diverse vegetation 
communities present within the KGR is responsible for the diversity of fauna.

There are few places within Australia where such diversity and species richness are evident as in the KGR, 
rivalling the likes of Kakadu National Park. Internationally recognised for its impressive wildlife watching 
opportunities, the KGR excels. With over 300 bird species recorded in this relatively small area, it is home to 
some impressively rare and diverse species.

Despite having lost many species locally over the past 200 years since European settlement, there is so 
much left to learn and conserve. Moreover, in enjoying a coastal interface, there exists a plethora of marina fauna 
(including migrating birdlife and visiting marine mammals, as well as other marine fauna), many of which are 
captured in the art and occupational deposits of Aboriginal peoples over many thousands of years.

Cultural – Aboriginal 
In discussing the Aboriginal heritage of the KGR, R. Conroy (above) affirms that this evidence of 

the original inhabitants adds immeasurable value to our understanding, appreciation, and enjoyment of its 
natural and cultural heritage. R. Conroy has demonstrated that there is strong connection between the various 
Aboriginal site types with the landscapes of the KGR, influenced by geology, aspect, elevation and slope, and 
associated landforms. 

While most site type locations are found within the protected areas of the KGR, R. Conroy has noted that 
the ongoing conservation of sites is challenged by ongoing residential development and by the construction and 
upgrade of roads and utilities, bushfire, and recreational activity impacts.

Cultural – climate change impacts
Finally, whilst the evidence of past climate change both in the geological and cultural heritage record has 

been discussed, the paper has also described in detail, based on skillful application of drone technology, the 
geomorphic processes that are taking place along the eastern coastal boundary of the KGR and the real and 
substantive impact on local residential communities.

R. Conroy (pers. comm.) has observed that climate change is also expected to accelerate both physical 
and chemical weathering processes in the future, as well as cause the inundation of low elevation sites, putting 
further pressure on the future conservation of Aboriginal sites such as occupational deposits which are likely 
to hold information regarding Aboriginal lifestyles, particularly throughout the Holocene - the later epoch of 
the Quaternary.

By exploring the links between the area’s geological heritage and other natural, cultural, and intangible 
heritage, the potential nomination of the KGR as an Aspiring UNESCO Global Geopark will create an 
unrivalled opportunity to study the effects of past and current climate change on natural and cultural heritage 
in an outdoor, natural history museum. Furthermore, it will provide local communities with the knowledge to 
mitigate and adapt to the potential effects of future climate change.
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