Introduction
Earlier this year, our Year 10 class did a topic in science called Life Goes On which involves
life on earth and the continental drift. I found this topic very interesting. Then recently, my
cousin told me about a special type of rock formation called a glendonite. This ikiate
formation forms in muddy soil in temperatures under 5°C. Using this information, I thought
that I could a science experiment on these rocks, documenting them so we could learn more
about Australia’s geological past, especially in the Sydney Basin region, and maybe using
these rocks to discover cold periods in Australia’s past, which would support continental
drift which states that Australia was once joined to Antarctica in a landmass known as
Gondwanaland. By using these glendonites we can record periods of cold weather in the
formation of Australia. I discovered that in order to find these glendonites, I would have to
look in rock layers that formed in the Permian Period.

Aim
Using the presence and distribution of glendonites to determine the climate in the Permian
period and to investigate the cold periods of time in the Sydney Basin using these
glendonites.

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
(shown below is a glendonite concretion). Glendonites form when ikaite, which forms in
near-freezing 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. However, 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.

Glendonites are often associated with cold-water depositional systems. Ikaites are fragile to
temperature and rapidly loss mass when exposed to warm temperatures. This phenomenon
is controlled by temperature and alkalinity. Although formally known as glendonites, their
other names include barley corns, chrysanthemum stones, fundylite, gennoishi, hedgehogs,
jarrowite, opal pineapples, pseudogaylussite, thinolite, and White Sea hornlets. 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.

Drop stones
Drop stones are isolated fragments of rock that are found within sedimentary rocks and are
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 and pluck rocks
from the surface and then absorb the rock. Pieces of the glacier then separate and float
many miles into the ocean, where they melt and release the rocks. These rocks then sink to
the ocean floor and became part of oceanic sediments. Other origins of dropstones are
volcanoes, turbidity currents and biological rafts.

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 Pleistocene era 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 was an Ice age which was then followed by the heating up of the
Earth’s service, 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. Modern
upwelling of cold abyssal waters, which lowers surface water temperatures, provides
conditions for ikiates to form, therefore providing the development of glendonites along the
east coast of Australia.

The youngest specimen showing cold climate in Australia occurs in the Permian of eastern
Australia are ice-rafted dropstones and glendonites. This suggests that Ice age conditions
did not end in the early Permian period but continued through to the late Permian period in
Gondwana. While it was thought that these dropstones originated from icebergs that had
come from Antarctica, it was later discovered that these clasts were more likely to be locally
derived.

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. This theory is shown in areas like the Kara Sea where glendonites have
started to form in the -1.5°C water in organic-rich mud. This data shows us that glendonites
that have formed in the Permian period have formed in similar conditions as those found in
the Kara Sea.

Some theories state that glendonites didn’t form because of a prolonged ice age but instead
were formed by upwelling, a process that could have led to the development of conditions
favourable to ikaite formation, such as cold ocean bottom temperatures and nutrient-rich
soil.

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 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.

The map below shows five destinations out of the seven that contain glendonites or
glendonite remnants. On my quest to locate these glendonites I travelled to Pebbly Beach,
Dolphin Point, Bawley Point, Warden Head and Col Fisher Park.

Variables

Risk Assessment
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.

As part of my project I needed to travel to many different beaches in order to find as many
glendonites in a variety of places. 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).

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.

I then preceded to measure each glendonite in this area with a tape measure (shown
below). This picture is a close up at Site 2 Glendonite 1.

Site 3 - Dolphin Point Southern Headland

I also found another cluster of glendonites 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 another ‘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.

I then also preceded to measure the Glendonite 1 in the rock face at Site 3 Area 1 (shown
below).

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.

I then measured 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.
I was also able to measure all of these 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.

Below is a photo of Glendonite 1 at Site 4 Area 3. This is a ‘pineapple’ glendonite.

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
‘pineapple’ glendonites and glendonite imprints.

Site 5 - Dolphin Point Fossil Cliff

I then moved further up the headland to find 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 1.3 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.

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 helped 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. 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 very muddy with no presence of any other fossils, indicating that the
temperatures 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. This is a single bladed glendonite.

