
So, what is the Gondwana Coast?
It has been defined as that section of the SE Australian 
coastline that previously formed the coast of the ancient 
supercontinent of Gondwana. Early in the Permian period 
~295Ma to ~269 million years ago (Ma), the sea level rose and 
began to cover the eastern edge of Gondwana and, as a result, 
fossiliferous sediments were deposited on the seafloor along the 
ancient Gondwana coast. The resulting rock sequence which 
attained a thickness of ~800m is known by geologists as the 
‘Shoalhaven Group’. The Gondwana Coast’s abundant shallow 
water marine invertebrate fossils have been recognized by 
palaeontologists as ‘world class’. 
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Figure 1. Map of the Gondwana coast.
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began to cover the eastern edge of Gondwana and, as a result, 
fossiliferous sediments were deposited on the seafloor along the 
ancient Gondwana coast. The resulting rock sequence which 
attained a thickness of ~800m is known by geologists as the 
‘Shoalhaven Group’. The Gondwana Coast’s abundant shallow 
water marine invertebrate fossils have been recognized by 
palaeontologists as ‘world class’. 
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So, what is the Gondwana Coast?
It has been defi ned as that section of the SE Australian 
coastline that previously formed the coast of the ancient 
supercontinent of Gondwana. Early in the Permian period 
~295Ma to ~265 million years ago (Ma), the sea level rose and 
began to cover the eastern edge of Gondwana and, as a result, 
fossiliferous sediments were deposited on the seafl oor along the 
ancient Gondwana coast. Th e resulting rock sequence which 
attained a thickness of ~1,300m is known by geologists as the 
‘Shoalhaven Group’. Th e preservation of Gondwana Coast’s 
abundant shallow water marine invertebrate fossils is described 
by eminent palaeontology professor, Bruce Runnegar, as ‘world 
class’.



When was the HARBOUR LANDSCAPE 
sculptured to its present shape?
The spectacular landscape of the South Coast of NSW has 
largely been formed by erosional forces over a long period. 
The Southern Highlands plateau and sandstone escarpment 
west of Ulladulla was uplifted at about 60Ma. During the 
period ~80Ma – 60Ma the Tasman Sea opened up splitting 
off the New Zealand sub-continent. Uplift of the Highlands 
has been largely attributed to the rebounding of the edge 
of our continent following this stretching event. Since that 
time the land surface has been progressively worn down, 
although another uplift event is thought to have occurred  
at about 30Ma.

Like Sydney Harbour, Jervis Bay and Bateman’s Bay, 
Ulladulla Harbour, with its deep-water channel, attained 
its present shape largely as a result of erosion by running 
water. This occurred during the Pleistocene Ice Age when 
sea level was much lower because much of the world’s water 
was frozen in large ice caps at the poles. The two most 
recent glacial phases of this Ice Age peaked approximately 
150,000yrs and 18,000yrs ago respectively (see Fig 2). 
During these cold intervals coastal rivers eroded channels 
up to 140m below present sea level as they travelled much 
further to the east than the present coastline. Coastal features 
carved out in this way and subsequently invaded by the sea 
when sea level rose again are known as drowned river valleys.

Of course, the ocean cliffs and wave cut platforms have been 
significantly modified since the last glacial phase by ocean 
waves and these erosional forces are still at work to-day.

At other localities (e.g. the Yorkshire coast in England) where 
the sea cliffs are composed of softer rocks, the cliffs can 
retreat at rates averaging as much as 5 metres per year.  
The siltstones exposed in the sea cliffs here are far more 
resistant and average rates of cliff retreat of ~ 2-7millimeters 
per year are believed to have occurred. As the rock shelves 
have widened the potential for waves to further erode the cliff 
line has been significantly reduced. 
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Figure 2. Sea Level Changes during the last 200,000 years.
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Questions that will be answered on the 
Guided Fossil Walk

1 How old are the rocks in the Harbour’s cliffs 
and rock platforms?

The rock unit exposed in the Harbour, the Wandrawandian 
Siltstone formation, is part of the Shoalhaven Group. 
This rock unit is ~180m thick and is composed essentially 
of richly fossiliferous siltstone, with lesser amounts of 
mudstone and a few much harder, more massive, sandstone 
beds. The formation is known to extend from rock 
platforms south of Ulladulla, for almost 80km along the 
coast to Black Head at Gerroa in the north, and inland 
to Kangaroo Valley. Its age has been determined as mid 
Permian by correlation with sedimentary strata (using 
fossils) at other locations where rocks had been dated 
radiometrically by determining the age of volcanic ash 
deposits above and beneath the fossiliferous layers. This 
isotopic dating confirms that the Wandrawandian Siltstone 
was deposited between ~273Ma and 269Ma.

The Permian period began at 299Ma and ended 251Ma 
with the biggest mass extinction of life recorded anywhere 
in the fossil record – 95% of all marine species (including 
many of the fossils found here) and 70% of all terrestrial 
organisms became extinct. 

Figure 3. Artists’ impression of the Gondwanda Coast, 
270 million years ago.
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When was the HARBOUR LANDSCAPE 
sculptured to its present shape?
The spectacular landscape of the South Coast of NSW has 
largely been formed by erosional forces over a long period. The 
Southern Highlands plateau and sandstone escarpment west of 
Ulladulla was uplifted at about 60Ma. During the period ~84Ma 
– 60Ma the New Zealand sub-continent drifted away to form 
the Tasman Sea. Following this stretching event, uplift of the 
Eastern Highlands occurred due to the rebounding of the edge of 
our continent. Since that time the SE Australian land surface has 
been progressively worn down.

Like Sydney Harbour, Jervis Bay and Bateman’s Bay, Ulladulla 
Harbour, with its deep-water channel, attained its present shape 
largely as a result of erosion by running water. Most of this 
occurred during the Pleistocene Ice Age when sea level was much 
lower because much of the world’s water was frozen in large ice 
caps. The two most recent glacial phases of this Ice Age peaked 
approximately 150,000yrs and 18,000yrs ago respectively (see 
Fig 2). During these cold intervals, low sea levels enabled coastal 
rivers to erode channels up to 140m below present sea level as 
they travelled much further to the east than the present coastline. 
Coastal features carved out in this way and subsequently invaded 
by the sea when sea level rose again are known as drowned river 
valleys.

Of course, the ocean cliffs and wave cut platforms have been 
significantly modified by ocean waves since the last glacial phase 
and these erosional forces are still at work to-day.

At other localities (e.g. the Yorkshire coast in England) where the 
sea cliffs are composed of softer rocks, some cliffs retreat at rates 
averaging as much as 5 metres per year.  

The siltstones exposed in the sea cliffs here are far more resistant 
and average rates of cliff retreat of ~ 4 millimeters per year are 
believed to have occurred. As wave erosion widens the rock 
shelves, the potential for waves to further erode the cliff line is 
significantly reduced.
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period ~80Ma – 60Ma the Tasman Sea opened up splitting 
off the New Zealand sub-continent. Uplift of the Highlands 
has been largely attributed to the rebounding of the edge 
of our continent following this stretching event. Since that 
time the land surface has been progressively worn down, 
although another uplift event is thought to have occurred  
at about 30Ma.

Like Sydney Harbour, Jervis Bay and Bateman’s Bay, 
Ulladulla Harbour, with its deep-water channel, attained 
its present shape largely as a result of erosion by running 
water. This occurred during the Pleistocene Ice Age when 
sea level was much lower because much of the world’s water 
was frozen in large ice caps at the poles. The two most 
recent glacial phases of this Ice Age peaked approximately 
150,000yrs and 18,000yrs ago respectively (see Fig 2). 
During these cold intervals coastal rivers eroded channels 
up to 140m below present sea level as they travelled much 
further to the east than the present coastline. Coastal features 
carved out in this way and subsequently invaded by the sea 
when sea level rose again are known as drowned river valleys.

Of course, the ocean cliffs and wave cut platforms have been 
significantly modified since the last glacial phase by ocean 
waves and these erosional forces are still at work to-day.
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Figure 2. Sea Level Changes during the last 200,000 years.
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Questions that will be answered on the 
Guided Fossil Walk

1 How old are the rocks in the Harbour’s cliffs 
and rock platforms?

The rock unit exposed in the Harbour, the Wandrawandian 
Siltstone formation, is part of the Shoalhaven Group. 
This rock unit is ~180m thick and is composed essentially 
of richly fossiliferous siltstone, with lesser amounts of 
mudstone and a few much harder, more massive, sandstone 
beds. The formation is known to extend from rock 
platforms south of Ulladulla, for almost 80km along the 
coast to Black Head at Gerroa in the north, and inland 
to Kangaroo Valley. Its age has been determined as mid 
Permian by correlation with sedimentary strata (using 
fossils) at other locations where rocks had been dated 
radiometrically by determining the age of volcanic ash 
deposits above and beneath the fossiliferous layers. This 
isotopic dating confirms that the Wandrawandian Siltstone 
was deposited between ~273Ma and 269Ma.

The Permian period began at 299Ma and ended 251Ma 
with the biggest mass extinction of life recorded anywhere 
in the fossil record – 95% of all marine species (including 
many of the fossils found here) and 70% of all terrestrial 
organisms became extinct. 

Figure 3. Artists’ impression of the Gondwanda Coast, 
270 million years ago.
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Questions that will be answered  
on the Guided Fossil Walk

1  How old are the rocks in the Harbour’s cliffs  
 and rock platforms?

The rock unit exposed in the Harbour, the Wandrawandian 
Siltstone formation, is part of the Shoalhaven Group. This 
rock unit is ~180m thick and is composed essentially of richly 
fossiliferous siltstone, with lesser amounts of mudstone and a 
few much harder, more massive, sandstone beds. The formation 
is known to extend from rock platforms south of Ulladulla, 
for almost 80km along the coast to Black Head at Gerroa in 
the north, and inland to Kangaroo Valley. Its age has been 
determined as mid Permian by correlation with sedimentary 
strata (using fossils) at other locations where rocks had been 
dated radiometrically to determine the age of volcanic ash 
deposits lying above and beneath the fossiliferous layers. This 
isotopic dating confirms that the Wandrawandian Siltstone was 
deposited between ~273Ma and 269Ma.

The Permian period began at 299Ma and ended 251Ma with the 
biggest mass extinction of life recorded anywhere in the fossil 
record – 95% of all marine species (including most of the fossils 
found here) and 70% of all terrestrial organisms became extinct.



2 In what type of environment were the 
sediments deposited here?

The fossil fauna is made up of several groups of invertebrate 
animals that are marine bottom dwellers. They live by 
burrowing in the muddy-silty bottom or attaching themselves 
to the bottom in water depths of at least 20 metres 
(significantly below wave base). Local artist, Robyn Pomfrett, 
has given her impression of what the seafloor and nearby 
landmass must have looked like at that time (see Fig 3). 

3 What sort of creatures lived on the sea floor 
270 million years ago?

Animal groups that thrived in these silty conditions included 
colonies of Bryozoans (sea fans; Crinoids (sea lilies); and 
solitary Rugose corals (horn corals). All of these animals 
attached themselves to the silty bottom and fed by filtering 
food from the sea water. Animals that burrowed into the 
sediments on the seafloor include the Bivalve Molluscs, 
similar to modern day pippis and scallops; two distinct 
groups of Brachiopods (lamp shells), [i] the spiriferids and, 
[ii] the often spiny-shelled, productids, both groups became 
extinct about 251Ma; Other animals that roamed the seafloor 
included the spiral shelled Gastropods (sea snails), and 
several types of worms that only left their burrows, tracks or 
trails as ‘trace fossils’.
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Figure 4. Mould-cast image
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2  In what type of environment were sediments  
 deposited here?

Th e fossil fauna is made up of several groups of invertebrate 
animals that are marine bottom dwellers. Th ey live by burrowing 
in the muddy-silty bottom or attaching themselves to the bottom 
in water depths of at least 20 metres, (signifi cantly below wave 
base). Local artist, Robyn Pomfrett, has given her impression of 
what the seafl oor and nearby landmass must have looked like at 
that time (see Fig 3). 

3  What sort of creatures lived on 
 the sea fl oor 270Ma?

Animal groups that thrived in these silty conditions included 
colonies of Bryozoans (sea fans; Crinoids (sea lilies); and solitary 
Rugose corals (horn corals). All of these animals attached 
themselves to the silty bottom and fed by fi ltering food from 
the sea water. Animals that burrowed into the sediments on the 
seafl oor include the Bivalve Molluscs, similar to modern day 
pippis and scallops; three distinct groups of Brachiopods (lamp 
shells), [i] the spiriferids, [ii] the often spiny-shelled, productids
and deeply grooved shells of rhychonellids, all of these groups 
became extinct about 251Ma; Other animals that roamed the 
seafl oor included the spiral shelled Gastropods (sea snails), and 
several types of worms that only left their burrows, tracks and 
trails as ‘trace fossils’.
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4 How were these marine animals preserved in 
the sedimentary rock sequence to form such 
intricate moulds and casts?

Most sediment deposited on the seafloor here 270Ma ago was 
very fine grained. The silt and clay sized particles imply that 
deposition occurred in a very low energy environment where 
water was only moved about by gentle, low velocity ocean 
currents. Burial of dead organisms by further sediment must 
have been sufficiently rapid to limit bacterial decay of the 
soft animal tissues. Where the hard calcium carbonate shells 
(=exoskeletons) were subsequently dissolved by groundwater, 
their shape is generally preserved in exquisite detail forming 
both internal and external moulds with very sharply defined 
features. In some cases, the cavity formerly occupied by the 
animal’s shell was later in-filled by another mineral substance 
(such as iron oxide or silica) that was deposited from 
circulating groundwater. Such fossils are called replacement 
casts and they reflect the animal’s true shape but don’t 
preserve the internal structures.

5 What are Glendonites?   

In addition to the fossils, several other significant and clearly 
visible features in the rocks have been used to determine more 
about the geological environment here, especially the palaeo-
climate that prevailed on the Gondwana Coast at ~270Ma. 

Glendonites are unusual crystals and crystal clusters that 
only grow in organic rich mud on the seafloor when the 
water temperature is below 5oC. They were first described by 
Dana, a famous American geologist who visited the town of 
Glendon, east of Singleton, in the Hunter Valley, more than 
150 years ago. They were not, however, fully understood 
until similar crystals were found growing on the floor of the 
Ika Fiord in Greenland in the 1960s. They are now known 
to be crystals of the rare hydrated calcium carbonate mineral, 
Ikaite (CaCO3.6H2O). Their presence throughout the 
Shoalhaven Group sediments provides conclusive evidence of 
the cold seawater temperature here on the Gondwana Coast 
as a result of its high latitude location in the Antarctic Circle 
from about 295Ma to ~270Ma.
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6 What are ‘Drop stones’ and where did they 
come from? 

The Wandrawandian Siltstone is made up of very fine 
grained sedimentary rocks formed in a low energy seafloor 
environment. The presence of a diverse range of very 
abundant angular to rounded boulders, cobbles, pebbles 
and gravel in layers of otherwise fine sediment requires 
explanation. Consistent with the cold water evidence 
provided by the glendonites, these rock fragments have  
been interpreted to be glacial erratics or ‘drop stones’ that 
have had an interesting journey prior to reaching their final 
resting place here.

Some of the drop stones are metamorphic rocks such as 
schist, phyllite, slate, hornfels meta-chert and quartzite; 
others are volcanic or plutonic igneous rocks such as rhyolite, 
ignimbrite, syenite, dolerite and several types of granite; and a 
few are sedimentary rocks such as conglomerate and breccia. 
All of the drop stones are made of hard, erosion resistant, 
rock. They are much older than the Wandrawandian Siltstone 
being Cambrian, Ordovician or Devonian in age. These 
are rocks that formed the high ground on the Gondwana 
landmass at the time when the sea flooded the coast to form 
the Sydney Basin. We know that the pre-basin land surface 
was far from flat—Durras Mountain was a granite island 
standing more than 200m out of the Permian sea and at 
Granite Falls the granite formed another significant granite 
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4  How were these marine animals preserved in the  
 sedimentary rock sequence as such 

 perfectly formed moulds and casts?

Most sediment deposited here on the seafloor 270Ma was 
very fine grained. The silt and clay sized particles imply that 
deposition occurred in a very low energy environment where 
water was only moved about by gentle, low velocity ocean 
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were subsequently dissolved by groundwater, their shape is 
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cases, the cavity formerly occupied by the animal’s shell was 
later in-filled by another mineral substance (such as iron oxide 
or silica) that was deposited from circulating groundwater. Such 
fossils are called replacement casts and they reflect the animal’s 
true shape but don’t preserve the internal structures.

5  What are Glendonites?

In addition to the fossils, several other significant and clearly 
visible features in the rocks have been used to determine more 
about the geological environment here, especially the palaeo-
climate that prevailed on the Gondwana Coast ~270Ma. 

Glendonites are unusual crystals and crystal clusters that only 
grow in organic rich mud on the seafloor when the water 
temperature is below 5oC. They were first described by Dana, a 
famous American geologist who visited the town of Glendon, 
east of Singleton, in the Hunter Valley, more than 150 years ago. 
They were not, however, fully understood until similar crystals 
were found growing on the floor of the Ika Fiord in Greenland 
in the 1960s. They are now known to be crystals of the rare 
hydrated calcium carbonate mineral, Ikaite (CaCO3.6H2O). 
Their presence throughout the Shoalhaven Group sediments 
provides conclusive evidence of the cold seawater temperature 
here on the Gondwana Coast as a result of its high latitude 
location in the Antarctic Circle from about 295Ma to ~270Ma.
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6 What are ‘Drop stones’ and where did they 
come from? 

The Wandrawandian Siltstone is made up of very fine 
grained sedimentary rocks formed in a low energy seafloor 
environment. The presence of a diverse range of very 
abundant angular to rounded boulders, cobbles, pebbles 
and gravel in layers of otherwise fine sediment requires 
explanation. Consistent with the cold water evidence 
provided by the glendonites, these rock fragments have  
been interpreted to be glacial erratics or ‘drop stones’ that 
have had an interesting journey prior to reaching their final 
resting place here.

Some of the drop stones are metamorphic rocks such as 
schist, phyllite, slate, hornfels meta-chert and quartzite; 
others are volcanic or plutonic igneous rocks such as rhyolite, 
ignimbrite, syenite, dolerite and several types of granite; and a 
few are sedimentary rocks such as conglomerate and breccia. 
All of the drop stones are made of hard, erosion resistant, 
rock. They are much older than the Wandrawandian Siltstone 
being Cambrian, Ordovician or Devonian in age. These 
are rocks that formed the high ground on the Gondwana 
landmass at the time when the sea flooded the coast to form 
the Sydney Basin. We know that the pre-basin land surface 
was far from flat—Durras Mountain was a granite island 
standing more than 200m out of the Permian sea and at 
Granite Falls the granite formed another significant granite 
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6  What are ‘Drop stones’ and where did  
 they come from?

The Wandrawandian Siltstone is made up of very fine grained 
sedimentary rocks formed in a low energy seafloor environment. 
The presence of a diverse range of very abundant angular to 
rounded boulders, cobbles, pebbles and gravel in layers of 
otherwise fine sediment requires explanation. Consistent with 
the cold water evidence provided by the glendonites, these rock 
fragments have  been interpreted to be glacial erratics or ‘drop 
stones’ that have had an interesting journey prior to reaching 
their final resting place here.

Some of the drop stones are metamorphic rocks such as schist, 
phyllite, slate, hornfels meta-chert and quartzite; others are 
volcanic or plutonic igneous rocks such as rhyolite, ignimbrite, 
syenite, dolerite and several types of granite; and a few are 
sedimentary rocks such as conglomerate and breccia. All of the 
drop stones are made of hard, erosion resistant, rock. They are 
much older than the Wandrawandian Siltstone being Cambrian, 
Ordovician or Devonian in age. These are rocks that formed 
the high ground on the Gondwana landmass at the time when 
the sea flooded the coast to form the Sydney Basin. We know 
that the pre-basin land surface was far from flat—Durras 
Mountain was a granite island standing more than 200m out of 
the Permian sea and at Granite Falls the granite formed another 
significant granite island in the Permian sea. 



8 In an otherwise monotonously flat-lying 
sequence of sedimentary rock how can a  
3m thick folded and faulted layer of siltstone  
be explained?

At the time the deformation occurred, the layer was lying 
on the sea floor in a semi-consolidated state and it must 
have been shaken violently by a significant earthquake. 
Experimental laboratory studies demonstrate that these 
sediments experienced an earthquake of magnitude >6, [i.e. 
bigger than the Newcastle earthquake (1989) which caused 
several buildings to collapse and resulted in 12 deaths] was 
required to produce the scale of deformation found here.  
The most likely source of such a major earthquake was the 
Pacific plate boundary which lay some 150km to the north 
east of here at ~270Ma.
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Further inland there was rugged mountainous, probably snow-
capped, terrain with the harder rocks forming the high ground.

Angular drop stones were plucked or ripped from high ridges at 
least 100km to the west and south west by the moving glacial ice 
as it began its long journey to the Gondwana Coast. At the coast 
the ice broke off to form icebergs which then carried their load 
of assorted, small to very large, basement rock fragments (some 
weighing >10 tonnes) north along the Gondwana Coast. As the 
ice rafts drifted away from the shore, the ice began melting and 
the load of rock fragments eventually dropped onto the silty 
seafloor.

The frequency of well rounded drop stones here indicates that 
melt water streams that flowed during summer months also must 
have played a significant role in shaping many of the drop stones.

7  How do spherical ‘cannon-ball’ concretions  
 form in the siltstone?

Circulating groundwater carries with it dissolved minerals (such 
as calcium carbonate, iron carbonate and silica) and these may 
precipitate commonly in concentric layers around any kind of 
suitable nucleus such as a drop stone, glendonite cluster or fossil 
within the siltstone. The concentric structure is responsible for 
the overall spherical shape. An 8 metre diameter sphere found in 
a Hunter Valley coal mine is the largest known concretion of this 
type to be found in the Sydney Basin.

 



8 In an otherwise monotonously flat-lying 
sequence of sedimentary rock how can a  
3m thick folded and faulted layer of siltstone  
be explained?

At the time the deformation occurred, the layer was lying 
on the sea floor in a semi-consolidated state and it must 
have been shaken violently by a significant earthquake. 
Experimental laboratory studies demonstrate that these 
sediments experienced an earthquake of magnitude >6, [i.e. 
bigger than the Newcastle earthquake (1989) which caused 
several buildings to collapse and resulted in 12 deaths] was 
required to produce the scale of deformation found here.  
The most likely source of such a major earthquake was the 
Pacific plate boundary which lay some 150km to the north 
east of here at ~270Ma.
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8  In an otherwise monotonously flat-lying sequence   
 of sedimentary rock how can a 3m thick folded  

 and faulted layer of siltstone be explained?

At the time the deformation occurred, the layer was buried under 
other layers on the sea floor in a semi-consolidated state and it 
must have been shaken violently by a significant earthquake. 
Experimental laboratory studies demonstrate that the scale 
of deformation found in these sediments was caused by an 
earthquake of magnitude >6, [i.e. bigger than the Newcastle 
earthquake (1989) which resulted in 12 deaths].  The most likely 
source of such a major earthquake was the Pacific plate boundary 
which lay some 150km to the north east of here ~270Ma.



9 What is a tessellated pavement? 

Tessellation means ‘tile-like’ and all along the Gondwana 
Coast there are examples of tessellations of varying degrees 
of geometric perfection. The most regular jointing patterns 
are developed in fine sedimentary beds (e.g. siltstone) but 
where the fracturing is developed in coarser sandstone beds it 
scarcely qualifies as a tessellated pavement.

Here, the fracturing has been so strong as to break straight 
through large hard drop stones lying in the paths of the 
joints. The 060o and 330o orientations of the 2 major joint 
directions throughout the Gondwana Coast are the same 
as those in the tessellated pavement near Port Arthur in 
Tasmania. It is noteworthy that all of these locations lie along 
the line of fracturing where NZ broke away from Australia 
progressively opening up the Tasman Sea from ~80 - 60Ma. 
The jointing pattern is consistent with having been produced 
in the persistent resultant stress field and is likely to have 
developed over the 20 million years after initial rifting began 
at ~100Ma but, prior to drifting commencing (i.e. from 
100Ma to 80Ma). 
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10 In the Harbour how can a boulder beach lie 
beside a typical sandy beach? 

The grain size of sediment deposited on beaches depends on 
kinetic energy levels of the waves and currents. On the south 
side of the Harbour higher energy waves hurl larger boulders 
and cobbles at the sea cliff every time a strong NE wind 
blows. These tools of erosion undercut the cliff by grinding 
away the rock bounded by horizontal bedding planes and 
vertical joint planes until they dislodge. When the water 
retreats it leaves only the larger and heavier particles on the 
beach as a residual boulder beach deposit while the smaller 
particles are swept away by the water.

In the adjacent more sheltered part of the shoreline, a sandy 
beach is formed where the beach has been protected from the 
full force of the prevailing wind. Wave energy here is only 
sufficiently strong to throw much smaller sand sized particles 
onto the shore. When the water retreats it sorts the deposit by 
removing all finer and lighter particles leaving only polished 
rounded grains to form a typical sandy beach.
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9  What is a tessellated pavement?

Tessellation means ‘tile-like’ and all along the Gondwana Coast 
there are examples of tessellations of varying degrees of geometric 
perfection. The most regular jointing patterns are developed in 
fine sedimentary beds (e.g. siltstone) but where the fracturing is 
developed in coarser sandstone beds it scarcely qualifies as a tes-
sellated pavement.

Here, the fracturing has been so strong as to break straight 
through large hard drop stones lying in the paths of the joints. 
The 060o and 330o orientations of the 2 major joint directions 
found on  the Gondwana Coast are the same as those in the 
tessellated pavement near Port Arthur in Tasmania. It is note-
worthy that all of these locations lie along the line of fracturing 
where Zealandia broke away from Australia progressively opening 
up the Tasman Sea from ~84 - 60Ma. The jointing pattern is 
consistent with having been produced in the persistent resultant 
stress field and is likely to have developed over the 16 million 
years after the initial rift formed ~100Ma but, prior to the start 
of drifting 84Ma.



9 What is a tessellated pavement? 

Tessellation means ‘tile-like’ and all along the Gondwana 
Coast there are examples of tessellations of varying degrees 
of geometric perfection. The most regular jointing patterns 
are developed in fine sedimentary beds (e.g. siltstone) but 
where the fracturing is developed in coarser sandstone beds it 
scarcely qualifies as a tessellated pavement.

Here, the fracturing has been so strong as to break straight 
through large hard drop stones lying in the paths of the 
joints. The 060o and 330o orientations of the 2 major joint 
directions throughout the Gondwana Coast are the same 
as those in the tessellated pavement near Port Arthur in 
Tasmania. It is noteworthy that all of these locations lie along 
the line of fracturing where NZ broke away from Australia 
progressively opening up the Tasman Sea from ~80 - 60Ma. 
The jointing pattern is consistent with having been produced 
in the persistent resultant stress field and is likely to have 
developed over the 20 million years after initial rifting began 
at ~100Ma but, prior to drifting commencing (i.e. from 
100Ma to 80Ma). 
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10 In the Harbour how can a boulder beach lie 
beside a typical sandy beach? 

The grain size of sediment deposited on beaches depends on 
kinetic energy levels of the waves and currents. On the south 
side of the Harbour higher energy waves hurl larger boulders 
and cobbles at the sea cliff every time a strong NE wind 
blows. These tools of erosion undercut the cliff by grinding 
away the rock bounded by horizontal bedding planes and 
vertical joint planes until they dislodge. When the water 
retreats it leaves only the larger and heavier particles on the 
beach as a residual boulder beach deposit while the smaller 
particles are swept away by the water.

In the adjacent more sheltered part of the shoreline, a sandy 
beach is formed where the beach has been protected from the 
full force of the prevailing wind. Wave energy here is only 
sufficiently strong to throw much smaller sand sized particles 
onto the shore. When the water retreats it sorts the deposit by 
removing all finer and lighter particles leaving only polished 
rounded grains to form a typical sandy beach.
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10 In the Harbour how can a  boulder beach lie  
 beside a typical sandy beach?

The grain size of sediment deposited on beaches depends on 
kinetic energy levels of the waves and currents. On the south 
side of the Harbour higher energy waves hurl larger boulders 
and cobbles at the sea cliff every time a strong NE wind blows. 
These tools of erosion undercut the cliff by grinding away the 
rock bounded by horizontal bedding planes and vertical joint 
planes until they dislodge. When the water retreats it leaves only 
the larger and heavier particles on the beach as a residual boulder 
beach deposit while the smaller particles are swept off the beach 
and rock platform by the undertow.

In the adjacent more sheltered part of the shoreline, a sandy 
beach is formed where the beach has been protected from the full 
force of the prevailing wind. Wave energy here is only sufficient 
to throw much smaller sand sized particles onto the shore. When 
the water retreats it sorts the deposit by removing all finer and 
lighter particles leaving only polished rounded grains to form a 
typical sandy beach.



Geological Survey of New South Wales

Sponsors:

Gondwana Brochure_nospread.indd   12 23/11/10   10:55 AM

Geological Survey of New South Wales

Sponsors:

Gondwana Brochure_nospread.indd   12 23/11/10   10:55 AM

For Walks Program and Bookings
Ulladulla Visitors Centre 4444 8820

Fossil Walk website:
www.gondwanacoastfossilwalk.com.au
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