Introduction
For most years of my life, my family has spent our holidays relaxing and exploring the beautiful
South Coast of New South Wales. We often frequent a rock platform at the base of the
headland near our holiday home in the Ulladulla district, collecting shells and observing rock
pool creatures such as starfish.

It is also an area rich in marine fossils with scientists from all over the world coming to visit the
surrounding rock platforms to observe and write scientific papers on the abundant marine
fossils that are preserved in the layers of Wandrawandian siltstone from the Permian period
(299 – 251 million years ago). At that time, an 80km stretch of the South Coast, from Nowra to
below Ulladulla was 20 metres below sea level.

On the sea floor, a number of animals anchored themselves to the silty bottom and fed by
filtering food from the sea water. Animals that thrived in these silty conditions included
colonies of horn corals shown above.

A few years ago, I became interested in some star-shaped fossil molds that were prevalent on
the rock platform. I originally thought they were the remains of large fossilised starfish that
have since eroded away leaving this distinctive shape shown below.

However, earlier this year, my cousin Tim pointed out that this feature is the mold of a
glendonite, a most fascinating mineralised calcium carbonate crystal that is an indicator that
this area was once extremely cold. Glendonites only form when the water temperature is
below 5°C so there would have been a localised “ice age” in this coastal region of NSW when
this crystal original formed.
When back at school, our science class were covering the Earth’s geological history in our first
Year 10 unit called “Life Goes On” and I noticed that the east coast of Australia was at

Graphic: http://blogs.nobl.k12.in.us/hurstes/category/geotime/paleozoic-era/permian-period/

the southern end of the Gondwana landmass during the Permian period, which would explain
why the glendonites that I observed in my recent holidays were so prevalent in the Permian
rock platform. These glendonites are evidence for continental drift, which is one of the
questions we had to answer in class. This lesson also gave me an idea for my student research
project. I will be going back to the Ulladulla region in the June/July break and I could explore
the distribution of glendonites in the region and therefore build up a picture of the geological
history of the South Coast of NSW and determine how long this local “ice age” persisted.
Before then I had the opportunity to do some extensive background work on glendonites and
their distribution. I soon discovered that glendonites are unique to not just the South Coast,
they have also been found in the Hunter region. In fact the name “Glendonites” come from the
town of Glendon, where they were originally discovered by American mineralologist James
Dwight Dana who visited the region in 1839-1840. So my focus of my student research project
will be extended to determining the cold periods in the geological history of the Sydney Basin.

Come along and join me in my search and ‘tour’ of glendonites!

Aim
With glendonites being an indicator of sustained cold conditions, I intend to use the presence
and distribution of glendonites to build a picture of the cold-weather periods in the geological
history of the Sydney Basin. By identifying the thickness of strata layers that contain
glendonites and measuring the average cross-sectional area of glendonites in each strata, I
hope to be able to calculate the relative lengths of each cold-weather period. Using this data, I
then should be able to explain the geological or climatic phenomena that contributed to these
sustained cold conditions.

Background Research
Glendonites
A glendonite is one of the names for a group of pseudomorphs after ikaite (a mineral or
mineral compound that appears in an atypical form) that are found in a range of different
areas, predominantly the Sydney Basin. Glendonites form when ikaite, which forms in nearfreezing temperatures, converts to calcite plus water in warm temperatures.

The name ‘glendonite’ was derived from the name Glendon, the name of a property in the
Hunter Valley, NSW where they discovered ikaites after they had formed into a calcite
pseudomorph. The mineralogist James Dwight Dana was presented with samples of these
pseudomorphs when he visited the area in 1840. He also collected samples from places like the
Astoria area and Oregon and found that the samples from all three of these places were
similar.
The mineral composition of a glendonite has been unknown until recently when it was
discovered that glendonites are made up of the mineral calcium carbonate hexahydrate

(CaCO3-6H2O). It has been found in lakes, shallow-marine shelves and deep ocean basins in all
different latitudes and has steep and spiky crystals.

http://www.wired.com/2012/09/enzymes-from-the-ends-of-the-earth/

It has been noted that all glendonites are found in cold, alkaline conditions and in some cases
in elevated phosphate concentrations. When the glendonite is in conditions over 4°C the
crystals begin to degrade which affects the external shape of the glendonite. This is due to the
fact that CaCO3 has the interesting property that its solubility increases as the temperature
decreases.

http://power-chemicals.com/c/Nested%20dep-corr/Dep_cwt/calcium_carbonate.htm

This is an unusual property as most salts decrease in solubility as the temperature decreases

http://2012books.lardbucket.org/books/principles-of-general-chemistry
-v1.0/s17-04-effects-of-temperature-and-pre.html
Glendonites are often associated with cold-water depositional systems. Ikaites are fragile to
temperature and rapidly loss mass when exposed to warm temperatures. Although formally
known as glendonites, their other names include barley corns, chrysanthemum stones,
fundylite, opal pineapples, pseudogaylussite, thinolite, and White Sea hornlets.

Here is a spectacular photo of an opal pineapple found at White Cliffs, 250km NE of Broken Hill.
Photo courtesy: https://mail.google.com/mail/u/0/#inbox/14ed1ba86ee7a2a8

As the formation of glendonite involves the rapid conversion of ikaite to calcite at
temperatures above 4°C, glendonites could be used as stable isotopes as a recorder of water
isotope chemistry in the Permian period.

Dropstones
Dropstones are isolated fragments of rock that are found within sedimentary rocks and come in
a range of sizes, from pebble size to boulder size. The dropstones that I have investigated are
glacial dropstones, which occur when glaciers move across a surface, picking up surface rocks
which are eventually smothered. Pieces of the glacier then separate and float many miles into
the ocean, where they melt and release the rocks. These rocks sink to the ocean floor and
became part of oceanic sediments.

The process of these dropstones being transported by ice is called ice-rafting. Deposits that
comes from floating ice and sink to the ocean floor are called ice-rafted debris or ice rafted
deposits. Ice rafting is the main reason for the transport of sediments during glacial periods in
the Permian period when ocean levels were low and most of earth’s land masses were covered
in sheets of ice. Ice rafting is still a process occurring today although its impact is significantly
less. Ice rafting can be responsible the displacement of archaeological artefacts.

Permian Period
The Permian Period was a time stretching from about 299-250 million years ago. All the
continents were connected in a large landmass call Pangaea. Early in the Permian period, the
sea level rose and began to cover the eastern edge of Gondwana. At that time the stretch of
land from Nowra to Ulladulla was 20 metres below sea level.

During the Permian period, there was an Ice age which was then followed by the heating up of
the Earth’s surface, resulting with the end of the Ice age. However, evidence suggests that this
colder period of time lasted longer in eastern Australia. The presence of ice-rafted dropstones
and glendonites support the theory that the Ice age persisted longer in this part of Gondwana
and that oceanographic processes also brought cooler temperatures.

Since glendonites form in cold temperatures (− 1.9 to + 7 °C), it is most likely that glendonites
indicate cold periods in Australia’s past and help determine how long these cold periods lasted.
Some theories state that glendonites didn’t form because of a prolonged ice age but instead
were formed by upwelling of cold abyssal waters, which lowers surface water temperatures,
providing ideal conditions for ikiates to form, therefore providing the development of
glendonites along the east coast of Australia.

This theory is supported by reconstructions of Permian conditions in Gondwana. These results
of the reconstruction show that the surface wind and ocean circulation patterns are consistent
with the upwelling theory, as they show winds from winter to summer displacing warm surface
waters with cold abyssal waters from the ocean basin. Not only do these upwellings create
conditions for ikaites to form, it is possible that they also caused localized cooling along eastern
Gondwana. These cool temperatures brought on by the upwellings would also lead to the
formation of glendonites and dropstones. The fact that cold conditions occurred along the east
coast of Australia due to upwellings could account for the fact that these cold conditions were
not observed in Western Australia at the same time, where ocean currents came from a
different direction.

Planning Field Study Areas
10km

Warden Head
& Dolphin Point

In my quest to survey the distribution of glendonites in the southern tip of the Sydney Basin, I
will be visiting five known destinations out of seven that contain glendonites or glendonite
remnants in the South Coast region. Two of these areas are 10km North of Bawley Point at
Dolphin Point and Warden Head. The others are at Bawley Point, Pebbly Beach and North
Durras. I am visiting the Dark Beach area, just for interest sake, as this beach marks the
Southern tip of the Sydney Basin.

Later, I am looking forward to visiting the Hunter Region at the northern end of the Sydney
Basin. It is here where glendonites were first found in the locality of Glendon. I will be
comparing the glendonites from the southern and northern ends of the Sydney Basin in order
to find out whether the two regions, over 200km apart, share the same geological history.

Proposed Sampling Techniques
It is the intention at each site to identify a number of glendonite sample areas, and use a 2m 
2m marked out area to measure the frequency of glendonite crystals.

For each 2m  2m sample area, the location of each glendonite will be noted by a green marker
and photographed and the size of the major axis and minor axis will be measured.

Selection of Sites
The sites were selected on the basis that they have already been identified in published
literature, such as (Selleck et.al., 2007), shown below.

It is interesting to note that my main site at Dolphin Point is not mentioned on any literature in
regards to glendonites. Warden Head which is 5km north is mentioned, but not Dolphin Point
which is filled with glendonites at the layer of the exposed rock platform, shown on the
previous page.
So as well as using published sites, I used sites that I knew from experience, which contained
glendonites.

Risk Assessment
As this fieldwork involved working on rock platforms and at the base of exposed cliff-faces,
there were a number of possible risks, which were able to be minimised by following the safety
procedures mentioned in the table.

Risk
Being hit by a wave while on
rock platform
Using geology pick and getting
fragments of rock in your eye
Slip and injure yourself on rocks

Risk Level
High

Come into contact with
poisonous sea creatures
Dropping fossils and injuring
yourself
Being hit by falling rocks

Low

Medium
Low

Low
Medium

Safety Procedures
Only go on rock platform during low tide
and watch waves at all times.
Wear safety goggles to protect eyes
Wear non-slip shoes and take care
climbing on rocks
Don’t put your hand into rock pools
Place fossils in plastic bags and then
into a backpack
Make sure rock wall is stable and be
aware of surroundings

Field Study

Saturday 4/7/15
Site 1 – Pebbly Beach
This map shows the location of Pebbly Beach.

The diagram below shows the formation of the upper part of Pebbly Beach and the lower
Snapper Point formation.

The first site I visited was Pebbly Beach. Unfortunately, I was unable to find any glendonites as
the rock layers in the cliff face was not the sort that a glendonite would form in (shown below).
It was predominantly sandstone, which is typical of the Permian sandstone that lays metres
above the glendonite-containing siltstone.

Pebbly Beach had exquisite sandstone formations, but unfortunately, no glendonites

Tuesday 7/7/15
Site 2 - Dolphin Point Fossil Cliff
My second site of reference to find glendonites was Dolphin Point, Ulladulla. Dolphin Point is a
small coastal town, 5km south of Ulladulla. While looking for the glendonites I found two main
areas that contained these glendonites. At this time it was high tide and I could only look for
glendonites on the cliff face and closer to shore. The general area is shown below.

I found the first cluster of glendonites on the rock platform at Site 2 . In this area there were
about 5-7 individual ‘pineapple’ glendonites (shown below). This area covered about 3-5
metres.

Glenonites at Site 2 Area 1
1
2
3
4
5
6
7

Diameter Major Axis (cm)
5.4 cm
6.0 cm
6.8 cm
6.4 cm
6.2 cm
5.6 cm
7.0 cm

Diameter Minor Axis (cm)
5.0 cm
5.8 cm
6.2 cm
6.2 cm
5.6 cm
5.2 cm
6.4 cm

Site 2 Area 1 Statistical Analysis
For this sample area that consisted of 7 glendonites, the mean of the major axis was 6.2 cm(σ =
0.6 cm) and the mean of the minor axis was 5.8 cm (σ = 0.5 cm). The mean cross sectional area
of the surface was 28.2cm2. All glendonites in this area were ‘pineapple’ glendonites.
Below are 4 of these glendonites.

This picture is a close up at Site 2 Glendonite 1.

Site 3 - Dolphin Point Southern Headland

I found another cluster of glendonites 300m further down the headland at Site 3 (location
shown below). This Site had three distinct areas containing glendonites all on the cliff face,
each area approx. 10 metres apart. They were on the same rock strata roughly 2.5 metres
above the rock platform.

It was in this area that I found a single ‘pineapple’ glendonite on the rock face at Site 3 Area 1
(shown below) about 2 metres above the rock platform.

Glendonites at Site 3 Area 1

Diameter Major Axis (cm)

Diameter Minor Axis (cm)

1

5.2 cm

4.6 cm

Site 3 Area 1 Statistical Analysis
For this sample area that consisted of 1 glendonite, the major axis was 5.2 cm and the minor
axis was 4.6 cm . The cross sectional area of the surface was 18.8 cm2. The glendonite in this
area was a ‘pineapple’ glendonite.

Below is the single Glendonite 1 in the rock face at Site 3 Area 1

I then found another ‘pineapple’ glendonite at Site 3 Area 2 (shown below) about 1.5 metres
above the rock platform.

Glendonites at Site 3 Area 2

Diameter Major Axis (cm)

Diameter Minor Axis (cm)

1

4.0 cm

4.0 cm

Site 3 Area 2 Statistical Analysis
For this sample area that consisted of 1 glendonite, the major axis was 4.0 cm and the minor
axis was 4.0 cm. The cross sectional area of the surface was 12.6 cm2. The glendonite in this
area was a pineapple glendonite.

Glendonite 1 at Site 3 Area 2 (shown and below).

Further down the headland I found more ‘pineapple’ glendonites at Site 3 Area 3 (shown
below) about 1.5 metres above the rock platform.

Glendonites at Site 3 Area 3

Diameter Major Axis (cm)

Diameter Minor Axis (cm)

1

8.2 cm

5.8 cm

2

4.8 cm

4.0 cm

Site 3 Area 3 Statistical Analysis
For this sample area that consisted of 2 glendonites, the mean of the major axis was 6.5 cm (σ =
2.4 cm) and the mean of the minor axis was 4.9 cm (σ = 1.3 cm). The mean cross sectional area
of the surface was 25 cm2. All glendonites in this area were ‘pineapple’ glendonites.

Below is a photo of Glendonite 1 at Site 3 Area 3.

Since these glendonites were sticking mostly out of the rock, I used a pick to remove both
Glendonites 1 and 2 from Site 3 Area 3 (shown below).

Glendonites 1 and 2, which I removed from the rock are shown below.

I then found another group of ‘pineapple’ glendonites at Site 3 Area 4 (shown below) about 1.7
metres above the rock platform.

Here I found a group of 3 individual ‘pineapple’ glendonites (shown below) in an area of 1
metre.

Glendonites at Site 3 Area 4

Diameter Major Axis (cm)

Diameter Minor Axis (cm)

1
2
3

7.8 cm
7.0 cm
7.2 cm

6.8 cm
5.6 cm
6.4 cm

Site 3 Area 4 Statistical Analysis
For this sample area that consisted of 3 glendonites, the mean of the major axis was 7.3 cm (σ =
0.4 cm) and the mean of the minor axis was 6.3 cm (σ = 0.6 cm). The mean cross sectional area
of the surface was 36.1 cm2. All glendonites in this area were ‘pineapple’ glendonites.
Below is a picture of Glendonite 1 at Site 3 Area 4.

Site 3 Overall Statistical Analysis
For this sample area that consisted of 7 glendonites, the mean of the major axis was 6.5 cm (σ =
1.5 cm) and the mean of the minor axis was 5.8 cm (σ = 1.1 cm). The mean cross sectional area
of the surface was 29.6 cm2. Once again the glendonites in this area were ‘pineapple’
glendonites.

Wednesday 08/07/15
Site 4 - Dolphin Point Fossil Cliff
On this day I was able to go down to Dolphin point at low tide where I was able to find more
clusters of glendonites on the rock platform at Site 4 (shown below). There were two different
areas on the rock platform, each with an area of about 2 metres and the two areas were 2-3
metres apart. These glendonites were in the same rock strata.

For in each area I labelled every glendonite with a green piece of paper.

Below is the general area for Site 4 Area 1. This area contained 3 individual glendonites.

Glendonites at Site 4 Area 1

Diameter Major Axis (cm)

Diameter Minor Axis (cm)

1
2
3

5.6 cm
13.2 cm
7.4 cm

5.4 cm
9.4 cm
4.8 cm

Site 4 Area 1 Statistical Analysis
For this sample area that consisted of 3 glendonites, the mean of the major axis was 8.7 cm (σ =
4 cm) and the mean of the minor axis was 6.5 cm (σ = 2.5cm). The mean cross sectional area of
the surface was 44.8 cm2. All glendonites in this area were ‘pineapple’ glendonites.
Below is a picture of Glendonite 1 at Site 4 Area 1. This is a ‘pineapple’ glendonite.

Below is a picture of Site 4 Area 2. This area contained 5 individual glendonites which were all
glendonite imprints.

Glendonites at Site 4 Area 2

Diameter Major Axis (cm)

Diameter Minor Axis (cm)

1
2
3
4
5

9.4 cm
8.6 cm
6.0 cm
7.6 cm
8.2 cm

5.8 cm
8.2 cm
4.8 cm
3.4 cm
3.8 cm

Site 4 Area 2 Statistical Analysis
For this sample area that consisted of 5 glendonites, the mean of the major axis was 7.96 cm (σ
= 1.3 cm) and the mean of the minor axis was 5.2 cm (σ = 1.9 cm). The mean cross sectional
area of the surface was 32.5 cm2. All glendonites in this area were ‘pineapple’ glendonites and
glendonite imprints.
Below is a photo of Glendonite 2 at Site 4 Area 2. This is a glendonite imprint.

I then found another cluster of glendonites at Site 4 Area 3 (shown below).

Glendonites at Site 4 Area 3

Diameter Major Axis (cm)

Diameter Minor Axis (cm)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

7.6 cm
9.0 cm
6.8 cm
12.4 cm
8.2 cm
4.0 cm
8.4 cm
4.6 cm
6.8 cm
5.2 cm
3.6 cm
4.8 cm
5.0 cm
4.4 cm
4.2 cm
5.8 cm
2.6 cm
4.4 cm
4.6 cm
3.4 cm

3.8 cm
8.6 cm
6.8 cm
11.2 cm
6.6 cm
3.2 cm
8.4 cm
4.2 cm
5.8 cm
3.0 cm
3.0 cm
4.8 cm
5.0 cm
4.2 cm
4.0 cm
4.8 cm
2.2 cm
3.2 cm
3.4 cm
3.2 cm

Site 4 Area 3 Statistical Analysis
For this sample area that consisted of 20 glendonites, the mean of the major axis was 5.79 cm
(σ = 2.4 cm) and the mean of the minor axis was 4.7 cm (σ = 2.3 cm). The mean cross sectional
area of the surface was 21.5 cm2. All glendonites in this area were ‘pineapple’ glendonites,
except for one bladed glendonite imprint, shown below.

Site 4 Overall Statistical Analysis
For this sample area that consisted of 28 glendonites, the mean of the major axis was 6.5 cm (σ
= 2.6 cm) and the mean of the minor axis was 5.2 cm (σ = 2.2 cm). The mean cross sectional
area of the surface was 26.4 cm2. Once again the glendonites in this area were predominantly
‘pineapple’ glendonites and glendonite imprints.

Site 5 - Dolphin Point Northern End

I then moved further northwards up the headland to look for glendonites at Site 5 Area 1
(shown below). Unfortunately I didn’t find any glendonites in this area on the rock face.

However I continued further up the headland to Site 5 Area 2 and found another group of
glendonites (shown below). These glendonites were in the rock face about 2.5 metres above
the rock platform.

Here I found three more glendonites at Site 5 Area 2 (shown below).

Glendonites at Site 5 Area 2

Diameter Major Axis (cm)

Diameter Minor Axis (cm)

1
2
3

8.0 cm
10.2 cm
9.6 cm

4.2 cm
5.4 cm
5.8 cm

Site 5 Area 2 Statistical Analysis
For this sample area that consisted of 3 glendonites, the mean of the major axis was 9.3 cm (σ =
1.1 cm) and the mean of the minor axis was 5.1 cm (σ = 0.8 cm). The mean cross sectional area
of the surface was 37.4 cm2. Once again the glendonites in this area were ‘pineapple’
glendonites.
This was the first area in which I found two distinct layers that contain glendonites. The upper
layer had larger glendonites than the other regions I have examined.
Below is a photo of Glendonite 2 at Site 5 Area 3. This is a ‘pineapple’ glendonite.

Thursday 09/07/2015
Site 6 - Bawley Point
The map below shows the location of Bawley Point.

On this day I travelled to Site 6 at Bawley Point to find more glendonites but unfortunately the
rock layer I found was Permian sandstone, one layer above what glendonites form in (shown
below).

Friday 10/07/2015
Site 7 - Warden Head Lighthouse

When I was looking for glendonites I also travelled to Site 7 at Warden Head Lighthouse (shown
below). There were two different areas in this site that both have an area of about 2 metres.
The glendonites in both these areas were in the same strata of the rock layer.

Below is the general area of Site 7 Area 1. In this area I found several glendonites (general area
shown below).

Glendonites at Site 7 Area 1

Diameter Major Axis (cm)

Diameter Minor Axis (cm)

1
2
3
4
5

5.8 cm
9.4 cm
3.6 cm
6.2 cm
7.4 cm

5.6 cm
7.2 cm
3.0 cm
6.2 cm
4.0 cm

Site 7 Area 1 Statistical Analysis
For this sample area that consisted of 5 glendonites, the mean of the major axis was 6.48 cm (σ
= 2.1 cm) and the mean of the minor axis was 5.2 cm (σ = 1.7 cm). The mean cross sectional
area of the surface was 26.5 cm2. The glendonites in this area were ‘pineapple’ glendonites.

Below is Glendonite 1 at Site 7 Area 1. This is a ‘pineapple’ glendonite.

It was near this area that I found another group of glendonites under the water at Site 7 Area 2.
These glendonites were in 4 different clusters (shown below).

Below is a photo of Cluster 4 at Site 7 Area 2.

Below is Glendonite 5 in Cluster 4 at Sight 7 Area 2. This is a ‘pineapple’ glendonite.

I was not able to measure these clusters as they were underwater.

Site 8 - Warden Head Lighthouse
I then moved back up the headland to Site 8 and found another area of glendonites (shown
below). The glendonites in this at this Site are in a different strata to the layer of rock that the
glendonites at Site 8 are in.

At Site 8 Area 1 I found about 8-9 glendonites (part of Area 1 is shown below).

Glendonites at Site 8 Area 1
1
2
3
4
5
6
7
8
9

Diameter Major Axis (cm)
9.2 cm
6.0 cm
6.8 cm
6.2 cm
6.4 cm
5.8 cm
5.6 cm
5.4 cm
9.8 cm

Diameter Minor Axis (cm)
6.6 cm
5.2 cm
5.2 cm
6.2 cm
4.4 cm
3.6 cm
4.8 cm
4.0 cm
5.6 cm

Site 8 Area 1 Statistical Analysis
For this sample area that consisted of 9 glendonites, the mean of the major axis was 6.8 cm (σ
= 1.6 cm) and the mean of the minor axis was 5.1 cm (σ = 1 cm). The mean cross sectional area
of the surface was 27.1 cm2. All glendonites in this area were ‘pineapple’ glendonites.

Below is a photo of Glendonite 2 at Site 8 Area 1. This is a ‘pineapple’ glendonite.

Friday 10/07/2015
Ulladulla Leisure Centre
While I was still in Ulladulla, I was able to visit a bowling alley where they had on display
different forms of glendonites. They were displaying not only the glendonites I was looking for
but also had on display many other different forms of glendonites such as ‘pineapple’, single
bladed and twinning glendonites (shown below).

This display also showed the approximate age of these glendonites (shown below).

Saturday 15/08/15
Col Fisher Park, Singleton

One of the last places I visited to find glendonites was Site 9 at Col Fisher Park in Singleton,
along the Hunter River (area shown below).

The ground of this area was littered with ‘pineapple’ glendonites. This area regularly floods,
which means that every time there is a flood, more glendonites are uncovered and displaced.
These glendonites were found along a 50m stretch of land (shown below).

To find these glendonites, I was assisted by Brian England, the President of the Amateur
Geological Society of the Hunter Valley who showed me where to find glendonites and
dropstones and also helped take a glendonite from the rock face (shown below).

I was able to locate dropstones in the face of the cliff and measure them (shown below).

I found glendonites in the rock face in two different areas which were separated by a layer of
limestone. This limestone layer is significant for this forms in more temperate conditions, just
above where the glendonites were found in the mudstone. This shows that the temperatures
went from very cold to temperate in a relatively short period of geological time.

One of the glendonites I found below the limestone layer was a single bladed glendonite
(shown below). Unlike the South Coast where the glendonites were in shale, this type of rock
layer was a mudstone with no presence of any other fossils, indicating that the temperatures in
these rock layers formed in were very cold.

I was able to measure most of the glendonites below the layer of limestone.
Brian England also helped remove a glendonite from the rock face above the limestone layer
using a pick (shown below).

There were many loose pieces of glendonites both below and above the limestone layer which
we were able to collect. These were all loose fragments that had been displaced because of
floods in the area. These glendonites were single-bladed, ‘pineapple’ glendonites and twinning
glendonites (shown below).

Glendonites at Site 9 Area
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Diameter Major Axis (cm)
7.9 cm
13.5 cm
9.0 cm
14.2 cm
9.5 cm
12.1 cm
15.5 cm
11.5 cm
9.7 cm
10.3 cm
8.8 cm
9.7 cm
10.6 cm
15.1 cm
8.1 cm
11.5 cm
14.5 cm
12.6 cm
13.1 cm

Diameter Minor Axis (cm)
5.8 cm
5.6 cm
6.7 cm
11.4 cm
9.3 cm
6.3 cm
4.4 cm
4.3 cm
2.6 cm
6.4 cm
6.4 cm
7.0 cm
10.5 cm
8.6 cm
8.0 cm
6.6 cm
9.9 cm
8.8 cm
9.1 cm

Site 9 Area 1 Statistical Analysis
For this sample area that consisted of 19 glendonites, the mean of the major axis was 11.4 cm
(σ = 2.4 cm) and the mean of the minor axis was 7.2 cm (σ = 2.3 cm). The mean cross sectional
area of the surface was 65.1 cm2. All glendonites in this area were ‘pineapple’, twinning and
single-bladed glendonites.

Brian England then took us to his home showed us his collection glendonites that he had
collected at Sutton Flat, near Glendon.

Brian then preceded to show us more glendonite samples that he had collected from different
areas in NSW (shown below).

Below are more glendonites that Brian has collected over the years.

Below Brian is holding the largest glendonite specimen that he has which was found at Sutton
Flat (in the Glendon locality). This is a single bladed glendonite.

Revealing Chilly Mysteries of the Sydney Basin’s Geological Past
In this final synopsis, I will be attempting to draw everything together by looking at trends and
relationships in my fieldwork, to attempt to build a picture of the cooler periods in Sydney
Basin’s geological past. This amazingly, will all be achieved by studying the distribution of the
humble “glendonite”.
In these next few pages, I will take you on a step by step tour of how my theories developed as
more evidence was discovered. It was amazing how pieces of the puzzle came together so at
the end of each site visit, I had an extra dimension to consider when trying to come up with the
big picture of how these glendonites came to be where they now are.

(i) My Initial Theory (Before doing specific background research)
At the outset of this project, before doing any specific background research on glendonite
formation and distribution, I thought the east coast of Gondwanaland had experienced one
prolonged ice age, during the Permian period.

http://www.gdayindia.com.au/wp-content/uploads/2011/11/gondwana.gif
With the present East Coast of Australia, being tilted in such a way that it was level with the
Southern extremity of Antarctica, it was reasonable to assume that the Sydney Basin must have
experienced prolonged periods of glacial activity. Evidence to support this came from the
prevalence of glendonites and glendonite molds on the local rock platform that I have
traversed every year of my life. They seemed to be everywhere, so having the theory of an
extended ice age was my initial thought. This theory was driven by the proposed geographical
location of the East Coast of the Australian continent.

(ii) Continental Drift was quicker than originally thought – Theory 2
After taking measurements of the first four sites, it was quickly apparent that the size and
structure of the glendonites were very similar.
The overall average cross-sectional areas of each “pineapple” glendonite was:
Site 1: Pebbly Beach

no glendonites

Site 2: Dolphin Point Fossil Cliff

7 glendonites (mean area 28.2cm2)

Site 3: Dolphin Point Southern Headland

7 glendonites (mean area 29.6cm2)

Site 4: Dolphin Point Rock Platform

28 glendonites (mean area 26.4cm2)

The rock strata which contained the glendonites was a shaly siltstone with a permian
sedimentary layer a few metres above.

Sedimentary layer, common
to each site

Glendonite containing strata

Based on all these similarities, I can predict that the glendonites from the first four sites come
from the same strata. As I could not find any other glendonites in any other area, it seems that
glendonite formation is more time-confined than I first thought. Therefore, the East Coast of
Australia must not have remained in those high southern latitudes for long. It must have
commenced its northward journey, not long after it reached its southern-most point. This
theory would account for this single layer of glendonites.

(iii) Another factor besides geographical location must be at work – Theory 3
With site 5, my whole perception of glendonite formation was turned on its head. At the
Northern end of Dolphin Point, I discovered a second layer of glendonites that were 2.5 metres
above the rock platform layer. In this layer were three definite “pineapple” glendonites which
were slighter larger than the bottom layer (mean area 37.4cm2). The rock strata they were in
was more shale-like in composition. With this definite second layer, indicating a second cold
period in the Permian era, it dispels the theory of continental movement being the reason for

these cold periods. It is highly unlikely that this region was close to the South Pole at a point of
time, moved away and then came back again for a brief period and then moved away again.
There must be another factor at work causing these extremely cold periods, tens of millions of
years apart. At this point of time, in the middle of holidays, with no internet access I could not
explain this phenomena.

(iii) Theory 3 is further supported with colder periods being shorter than originally thought
My last site on the South Coast at Warden Head really reinforced my latest theory. Warden
Head, near Ulladulla, has experienced strong seismic forces in its geological past, which has
tilted the rock layers on an angle making it a great location to closely study different strata
without having to climb a cliff face to do it.

Glendonites were only discovered in one tiny band of rock strata. They could not be found
above it or below it in that area. 5 glendonites, above water, were found in this band, (mean
area 26.5cm2). There were more glendonites, however, the tilting of the rock layer took them
under water at this point, which was coming close to high tide. Further away from the
headland another batch of glendonites were found on a rock face that seemed to come from
the same layer, due to the tilting. In this section of the rock face there were 9 glendonites
(mean area 27.1cm2).
The thing that really stood out at Warden Head was that the glendonites were only found in a
very tiny strata band which indicates that the cold period was quite short geologically, which
also dispels the continental drift into the southern high latitudes. On arrival back at my home
address, I conducted some background research and they claim that is it the upwelling of cold
deep currents near the East coast of Australia that were cold enough to sustain ice rafts that
allows the ideal temperatures for ikaite crystal growth to occur. It also explains why dropstones
which are deposited from these ice rafts are found in the same area as glendonites.
This localised phenomena would also explain why you could get several layers of glendonites
that are separated by millions of years.

(iv) Fieldwork in the Hunter Valley further supports the upwelling of cold currents theory
The fieldwork at Col Fisher Park in Singleton, once again supported this localised theory of cold
upwelling currents keeping temperatures below the 4C glendonite-forming temperatures. Col
Fisher Park had two defined layers of glendonite-bearing rocks that were in a wide band of
mudstone. They were separated by a well defined layer of limestone – an indicator of warmer
temperatures.

These glendonite layers are known to be from the Allandale formation, well below the Wandranandian
siltsone layers that were present in the South Coast.
Therefore this fieldwork yielded four distinct layers of glendonites from the rock strata of the Sydney
Basin, all dated back to the Permian period 299 – 250 million years ago. Each of these rock layers
portray an extremely cold period of geological history. The earlier two periods were longer in duration
than the later two periods which were quite short in geological time.

Thank you for coming on this tour, back in Sydney’s history, with the humble “glendonite” being your
tourguide.
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