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Continental Hot Spot Volcanoes of Eastern Australia   
34-6 million years ago 

About 34 million years ago basalt magmas broke through a weaker 
part of the continental crust and erupted in a hot spot volcano near 
Mackay in North Queensland.  As the Australian tectonic plate slowly 
moved northward over the hot spot a line of volcanoes was produced 
from North Queensland to Mt Macedon just North of Melbourne (6 
MYA). As the hot spot passed below the Brisbane Region other 
volcanoes formed including the Glasshouse Mountains north of 
Brisbane (26 MYA) and Mt Warning just south of the Gold Coast (23 
MYA). The mountains which we see today are remnants of the 
central volcanic plugs which are much harder than the surrounding 
rock. The tallest peak in the Glasshouse Mountains is Mt 
Tibrogargan 364m while Mt Warning’s peak is 1156m.  

 
The Tweed Volcano 23 million years ago  
By 23 million years ago the hot 
spot had moved south and was 
located below present day Mt 
Warning in northern NSW. At this 
time the Tweed Volcano erupted 
lavas to form a very large shield 
shaped mountain which was 2km 
high and over 100 km wide at the 
base. This shield shaped 
mountain is formed mainly from 
the extrusive igneous rock basalt. 
Over time heavy rain gradually 
eroded the basalt sides of the 
volcano. The central intrusive 
plug of the volcano is mainly 
rhyolite which has is much harder than basalt. This central plug was not eroded and today forms Mt Warning. 
Many of the mountain ranges south of the Gold Coast are formed from the remnants of this massive volcano.  
 

 

 
  
 
 
 
 
 
 
 
 
 
 
 
 

Mt Warning 

Mt Tibrogargan  

(Images Willmott, 2010) 



Continental Hot Spot Volcanoes of Eastern Australia  - Questions  
 
Use the text and diagrams above to answer the following questions:  

1. Explain how the volcanic hotspot led to the creation of mountains down the East coast of Australia.  

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

2. Compare the properties of Basalt and Ryolite and explain how this has led to the formation of the central 

plug of Mt Warning  

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

 

3. Explain how weathering of the Tweed Volcano led to the formation of Mount Warning and surrounding 

mountains. Outline why there has been more erosion on the Eastern slopes over time.  

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

 

4. Outline where the material which formed the original shield has been transported to. 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

 

5. Use your knowledge of hotspot volcano formation to infer why the present day height of Mt Tibrogargan is 

much less than the height of Mt Warning.  

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

 

6. Describe the changes in vegetation from when the original volcano was formed until today.  

_______________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

Images sourced from:  
Willmott, Warwick (2010) “Rocks and Landscapes of the Gold Coast Hinterland (Expanded Third Edition)” Geological Society of 
Australia, Queensland Division 



Tectonics and Volcanics of the Brisbane Region 
 
Brisbane Tectonics  
Brisbane Region: 370-315 million years ago 
At this time the coast was much further west than its current position. Large volumes of sediment 
were washed down onto the continental shelf and the deep ocean floor. Over time sedimentary 
rocks were formed including Mudstone and Shale. Magma below the crust broke through in some 
places to form underwater 
volcanoes and the resulting 
lava cooled quickly in the  
underwater environment and 
produced deposits of the 
igneous rock Basalt. 
 
Microscopic animals called 
radiolarian also congregated 
around volcanic vents. Over 
time the mineral skeletons of 
radiolarian (made mainly of 
silica) formed into a 
sedimentary rock called 
Chert which is rich in silica.  
 
Brisbane Region: 315-250 million years ago 
 

Compression at the plate boundary 
315 MYA crumpled and folded these 
sediments to form metamorphic 
rocks. The heat and pressure caused 
the Mudstone and Shale to change 
into Argillite (metamorphic) and 
these folded and crumpled meta-
sediments can be seen in many road 
cuttings around Brisbane today. The 
heat and pressure also caused  
Basalt to change into Greenstone 
(metamorphic). Further compression 
and uplifting occurred around 250 
MYA when large areas of these 
metamorphic rocks were pushed up to 
form a mountain range attached to the 

continent. These have eventually worn down to form the hills around Brisbane. The sedimentary 
Chert deposits from the radiolarian were subject to heat and pressure to form the metamorphic rock 
Quartzite which was later pushed up to form the some hills in Brisbane, including Mt Gravatt which is 
composed almost entirely of a thick band of Quartzite.  
 
 
 
 
 

(Images Willmott, 2012) 



Brisbane Volcanoes 
Brisbane Region: 235 –210 million years ago  
Around 235 MYA there were several highly explosive volcanoes in the Brisbane area which produced 
huge clouds of gas and fragments of sticky lava. These volcanos were probably located North of 
Chermside or around Woodford. These ash cloud were heavier than air and “flowed” down the 
valleys which existed at the time.  The ash flows were extremely hot (1000° C), very thick (up to 80m 
deep), and traveling very fast (over 200 km/hr). Ash flows travelled up to 100km and when it stopped 
flowing it compacted into a very hard rock called Tuff (or ignimbrite – Latin for fiery shower). Large 
volumes of Brisbane Tuff would have formed over a few days.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Dinosaurs lived around Brisbane at this time and it can be assumed that some of them would have 
been killed in this awesome event. The pattern of these valleys can be seen from the current 
distribution of the Brisbane Tuff (shown in blue).  
 
Around Enoggera the underground magma chamber did not break through to the surface and cooled 
slowly to form the igneous rock Granite. Around the edge of the granite area of Argillite (crumpled 
meta-sediments of mudstone and shale) were heated to form the metamorphic rock Hornfels which 
is quarried at Mt Cootha for use as road base.  

 

 

 

 
 
 
 
 
 
 

(Images Willmott, 2012) 



Tectonics and Volcanics of the Brisbane Region- Questions 
 

1. In the formation of metamorphic rocks we call the original rock the parent rock and the resulting 
rock the daughter rock.  
a) Using the information in the article above, state the names of the daughter rocks and infer if 

they are examples of regional or contact metamorphism.  
 Parent Rock Daughter Rock Regional or Contact Metamorphism 

Mudstone / shale    
Basalt    
Chert   
Granite    

b) Discuss the processes which led to the formation of these metamorphic rocks and justify your 
answers regarding type of metamorphism 

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________ 

________________________________________________________________________________ 

2. Use your knowledge of the geological history of Brisbane to explain why it is so hilly. 

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________ 

3. Using your knowledge of the rock cycle explain how the silicon based skeletons of radiolarian 
around ocean vents came to form the Quartzite which can be found in Brisbane today.    

________________________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________

________________________________________________________________________________ 

4. Compare the processes which led to the formation of Basalt and Granite described above (ensure 
you discuss crystal size) 

________________________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 

5. Explain how the igneous rock Tuff was formed and what the existing pattern of Tuff can tell us 
about the ancient topography of Brisbane.  

________________________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 

________________________________________________________________________________ 
Images sourced from:  
Willmott, Warwick (2012) “Rocks and Landscapes of Brisbane and Ipswich (Second Edition)” Geological Society of Australia, 
Queensland Division 



AUSTRALIA IN THE PALEOGENE PERIOD (65 MYA) 

(Blakey, n.d.)



GEOLOGIC TIMESCALE: 

PALEOGENE PERIOD 
(66 – 23 MYA)
NEOGENE PERIOD 
(23 - 2.6 MYA)

(FORMERLY TERTIARY)

(Johnson, n.d.)(Geosciences Australia, 2015)



HOTSPOT VOLCANO CHAINS 

• Some volcanoes form over ‘hotspots’ in the Earth’s crust which are not located at tectonic plate 
boundaries. 

• These volcanoes are thought to have formed from mantle hot-spots from deep in the Earth, 
producing mantle plumes that send magma towards the Earth’s surface. 

• There is not scientific consensus on why these hotspots exist and research is continuing. 

• A chain of volcanoes form as the tectonic plate moves over the hot-spot, which increase in age 
away from current volcanic activity. Sometimes called age-progressive volcano chains. 

(Roach and Bear-Crozier, 2017, p. 23)



CONTINENTAL HOTSPOT 
VOLCANO CHAINS 

• Volcanoes erupted along eastern Australia and 
Tasmania.

• Australia’s climate was warm and humid. 

• Temperate rainforest was widespread. 

• The Australia plate has moved north and 
collided with Indonesia and New Guinea.

• Most of giant Australian megafauna became 
extinct during this time 

• Continental Hotspot Volcano Chains - occur 
below continental crust and form a volcano.  
Do not occur in a straight line but follow a 
much more twisted path. 

(Roach and Bear-Crozier, 2017, p. 24)



CONTINENTAL HOTSPOT 
VOLCANO CHAINS 

The Australian Plate is moving over a hot-spot 
with broken chains of ancient volcanoes found 
down the east coast from the oldest in north 
Queensland to the youngest in New South 
Wales.
As the Australian tectonic plate slowly moved 
northward over the hot spot a line of 
volcanoes was produced from North 
Queensland (34 MYA)  to Mt Macedon just 
North of Melbourne (6 MYA).

(Willmott, 2010, p. 9)



CONTINENTAL HOTSPOT VOLCANO 
CHAINS 

• The hot-spot is now thought to be 
between Victoria and the west coast of 
Tasmania but it is not currently causing 
volcanic activity. 

• It is thought that hotspot chains on land 
are not as straight as seamount chains as 
continental crust is much thicker and the 
magma does not always break straight 
through the crust but follows a more 
tortuous path.  

(Roach and Bear-Crozier, 2017, p. 36)



MORE RECENT VOLCANOES  26 - 23 MYA

As the hot spot passed below the Brisbane Region other 
volcanoes formed including: 
The Glasshouse Mountains (364m) north of Brisbane (26 

MYA)
Mt Warning (1156m) just south of the Gold Coast (23 MYA)
The mountains which we see today are remnants of the central 
volcanic plug which is much harder then the surrounding rock. 

Mt Warning (Byron Bay Beaches) 

The Glasshouse Mountains (Queensland Government, 2019)



TWEED VOLCANO 23 MYA

 One of these was the 
massive Tweed Volcano 
centred on Mt Warning 
in northern NSW 
which erupted around 
23 MYA

Gold Coast 

Byron Bay 

Mt Warning 

(Willmott, 2010, p. 40)



(Willmott, 2010, p. 16)

(Willmott, 2010, p. 15)

TWEED VOLCANO 23 MYA



The Tweed Volcano 
erupted basalt lavas 
to form a very 
large shield shaped 
mountain which 
was 2km high and 
over 100 km wide 
at the base.

(Willmott, 2010, p. 8)

TWEED VOLCANO 23 MYA



Shield 
shaped 
mountain of 
the Tweed 
volcano 
formed 
mainly from 
Basalt.

(Willmott, 2010, p. 14)

TWEED VOLCANO 23 MYA



Over time heavy 
rain gradually 
eroded the basalt 
sides of the 
volcano. 
The central 

intrusive plug of 
the volcano is 
mainly rhyolite 
which is much 
harder than basalt.

(Willmott, 2010, p. 14)

TWEED VOLCANO 23 MYA



TWEED VOLCANO TODAY 

Many of the 
mountain 
ranges south 
of the Gold 
Coast are 
formed from 
the remnants 
of this massive 
volcano. 

(Willmott, 2010, p. 14)



VICTORIAN VOLCANOS 6 MYA

• Many volcanoes in western Victoria and 
Eastern South Australia formed during 
the most recent period of volcanic 
activity between about five million and a 
few thousand years ago.

• Well-preserved volcanic features such as 
craters, crater lakes and lava flows can be 
seen in western Victoria today.

• The youngest volcanic feature in 
Australia, Mount Gambier is known to 
have last erupted around 4500 years ago. 
Australia’s indigenous people were likely 
witnesses to this volcanism as Aboriginal 
stone tools have been found buried 
beneath volcanic tuff (rock type) 
deposits. (Roach and Bear-Crozier, 2017, p. 
24)

Mt Elephant in Derrinallum (Bourke, 2017)

Mt Gambier (Webber, 2016)

Mount Schanck (Anson, 2015)
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AUSTRALIA IN THE DEVONIAN PERIOD
400 MILLION YEARS AGO (MYA) 

(Blakey, n.d.)



GEOLOGICAL 
TIMESCALE

GEOLOGIC PERIODS
• Cretaceous Creak 

• Jurassic Joints

• Triassic Their 

• Permian Perhaps

• Carboniferous Carefully 

• Devonian Down

• Silurian Sit

• Ordovician Often

• Cambrian Camels
(Johnson, n.d.)

Read this way 

(Battison, 2012)



GEOLOGICAL TIMESCALE: 

DEVONIAN PERIOD
(400 MYA)

(Johnson, n.d.)



BRISBANE REGION 
IN THE DEVONIAN 
PERIOD (400 MYA):

SUBDUCTION ZONE

The eastern edge of the Australian continent was to the west of its present 
location. 
The oceanic crustal plate is subducted (forced under) the continental plate 
Volcanic mountain chain parallel to the continental edge.
Temperate climate with woody trees. Land animals - simple amphibians emerging 

from the oceans. 
Brisbane region was in deep ocean water (over 1000m) 

(Willmott, 2012, p. 1)



Tectonic plate boundary 

(Willmott, 2012, p. 1)

BRISBANE REGION IN THE DEVONIAN PERIOD (400 MYA)



BRISBANE REGION TODAY

Map data ©2018 Google



Coastline 
Today Coastline 300-

400 million 
years ago 

Map data ©2018 Google

(Willmott, 2012, p. 1)



SUBDUCTION

(Cartoscope, n.d.)



SUBDUCTION

(Applied Geography, 2009)



AUSTRALIA IN THE CARBONIFEROUS PERIOD (340 MYA) 

(Blakey, n.d.)



GEOLOGIC TIMESCALE: 

CARBONIFEROUS PERIOD
(FROM 370 TO 315 MYA)

(Johnson, n.d.)(Johnson, n.d.)



Large volumes of sediment 
were washed down onto the 
continental shelf and the deep 
ocean floor

Over time sedimentary rocks 
were formed including 
Mudstone, Shale and Chert
Some areas of Basalt lavas

Brisbane region

(Willmott, 2012, p. 2)

BRISBANE REGION IN THE CARBONIFEROUS (340 MYA):

SEDIMENTS DEPOSITED IN DEEP OCEAN (FROM 370 TO 315 MYA)



RADIOLARIAN      CHERT

Large volumes of 
microscopic animals called 
radiolarian congregated 
around volcanic vents

 Over time the mineral 
skeletons of radiolarian 
(made mainly of silica) 
formed into a sedimentary 
rock called Chert which 
is rich in silica

(Davidson, 2004)

(King, n.d.)



AUSTRALIA IN THE PERMIAN PERIOD (280 MYA) 

(Blakey, n.d.)



GEOLOGIC TIMESCALE: 

PERMIAN PERIOD 
(315 – 250 MYA)

(Johnson, n.d.)(Johnson, n.d.)



CRUMPLING AND UPLIFT OF SEDIMENTS PERMIAN PERIOD 
(315 – 250 MYA)

Compression at the plate boundary 
315 MYA crumpled and folded these 
sediments to form metamorphic rocks  

Further compression and uplifting 
occurred around 250 MYA when large 
areas of the rocks were pushed up to 
form a mountain range attached to the 
continent. 

This is one of the reasons for 
Brisbane’s very hilly terrain

A common rock type in Brisbane is 
Argillite which is comprised of 
crumpled layers of partially 
metamorphosed mudstone and shale

(Willmott, 2012, p. 3)



BRISBANE TOPOGRAPHY – HILLY TERRAIN

Map data ©2018 Google



GEOLOGY OF MT GRAVATT 

(Willmott, 2012 , p. 53)

(Willmott, 2012, p. 40)



GEOLOGY OF MT GRAVATT 

Mt Gravatt is composed 
almost entirely of a thick 
band of quartzite 
(previously chert)

Hills in this area including 
Wellers Hill and Toohey
Mountain are also 
composed of quartzite  

(Willmott, 2012, p. 53)(King, n.d.)



RADIOLARIAN      CHERT  QUARTZITE 

(King, n.d.) (King, n.d.)

(Davidson, 2004)



GEOLOGY OF MT GRAVATT 

This formation on the road to Mt 
Gravatt Lookout shows layers of 
quartzite which have been 
crumpled and folded when they 
were formed by heat and pressure 

The tightness of the folds shows 
the intensity of the forces which 
raised the whole rock unit from 
the ocean depths to form Mt 
Gravatt 

(Willmott, 2012 , p. 54)



GEOLOGY OF MT GRAVATT 

Quartzite outcrops on the Mt Gravatt 
State High School oval 

(Photos by author, 2018)
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AUSTRALIA IN THE TRIASSIC PERIOD (240 MYA) 

(Blakey, n.d.)



GEOLOGIC TIMESCALE: 

TRIASSIC PERIOD 
(235-215 MYA)

(Johnson, n.d.)(Johnson, n.d.)



BRISBANE 
VOLCANOES  

TRIASSIC 
PERIOD 

(235-215 MYA)

At this time there were several highly explosive volcanoes around Brisbane which 
produced huge clouds of gas and fragments of sticky lava. These ash cloud were 
heavier than air and “flowed” down the valleys which existed at the time. 
The ash flows were extremely hot (1000° C), very thick (up to 80m deep), and 

traveling very fast (over 200 km/hr). 
The first mammals and dinosaurs lived around Brisbane during the Triassic, and it can 

be assumed that some of them would have been killed in this awesome event. 

(Willmott, 2012 , p. 2)



BRISBANE VOLCANOES
235 TO 215 MYA

Ash flows travelled up 
to 100km and when it 
stopped flowing it 
compacted into a very 
hard rock called Tuff 
(or ignimbrite – Latin 
for fiery shower). 
Large volumes of 

Brisbane Tuff would 
have formed over a few 
days. 

(Willmott, 2012 , p. 2)



BRISBANE VOLCANOES  
235 TO 215 MYA 

These volcanos were probably located 
North of Chermside or around 
Woodford, and the ash clouds quickly 
travelled down the valleys which existed 
at the time. 

The pattern of these valleys can be seen 
from the current distribution of the 
Brisbane Tuff (shown in blue).

(Willmott, 2012 , p. 2)



BRISBANE VOLCANOES  
235 TO 215 MYA 

Brisbane Tuff 
can be seen at 
the Kangaroo 
Point cliffs.

(Willmott, 2012 , p. 15)



TUFF AS A BUILDING STONE 

(Qld Govt, 2008)

(Raymond, 2016)
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Tasmantid Seamount Chain

Find the Tasmantid Seamount Hotspot  
The map below shows the ages of seamounts in the Tasmantid and Lord Howe seamount chains 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
Task 

a) Measure the distance to each seamount from the Moreton Brisbane seamount and multiply each number by 
200 to obtain the distance in km  

b) Plot the age versus distance in km on the graph above  
c) Extend the graph (extrapolate) to find the distance from the first seamount when the age is 0 millions of 

years  
d) Divide this number by 200 to obtain a distance in cm and use this data to estimate the current location of the 

Tasmantid hotspot. Plot this on the map  
e) Obtain the slope of the graph and then determine the inverse (or reciprocal) of his number to give you a 

speed in km/millions of years.  Convert this value to mm / year to calculate the speed of the Indo-Australian 
plate. 

 

 
Seamount  

Age in 
Millions 
of years 

Distance from the Moreton 
Brisbane seamount 

In cm on 
map  

In km  
(____cm x 200) 

Moreton 
Brisbane  

22.5 0 cm  

Britannia  18.1   
Hunter  17.5   
Taupo 11.2   
Gascoyne  7   



 
Questions 

1. Explain why it is difficult to determine the location of the hotspot by direct measurement. 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

2. Explain the process used to obtain rock samples from these seamounts and to determine their age.  

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

3. There are many hotspots on the map which do not have a date. Infer why we have limited data on the age of 
these seamounts.  

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

4. Evaluate how close each data point was to the line of best fit and explain any variation?  

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

5. State your calculated value for the speed of the Indo-Australian plate and compare this to the accepted value of 
70 mm/year. 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

 
6. Infer why has there not been any volcanoes produced by the Tasmantid hotspot in the last 7 million years?  

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

7. This process could be repeated to determine the current location of the Lord Howe seamount. Use the data on 
the map to evaluate how reliable such a calculation would be to the calculation you just performed for the 
Tasmantid  seamount chain.    

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 

________________________________________________________________________________________ 



Find the Tasmantid Seamount Hotspot - ANSWERS 
The map below shows the ages of seamounts in the Tasmantid and Lord Howe seamount chains 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Measure the distance to each seamount 
from the Moreton Brisbane seamount and multiply each number by 200 to obtain the 
distance in km  

b) Plot the age versus distance in km on the graph above  
c) Extend the graph (extrapolate) to find the distance from the first seamount when the age is 

0 millions of years. Distance = 2000 km  or Distance = 2000 / 200 = 10 cm  
d) Divide this number by 200 to obtain a distance in cm and use this data to estimate the 

current location of the Tasmantid hotspot. Plot this on the map. Approximate locations 
shown as yellow circle  

e) Obtain the slope of the graph and then determine the inverse (or reciprocal) of his number 
to give you a speed in km/millions of years.  Convert this value to mm / year to calculate the 
speed of the Indo-Australian plate. 
Slope = 0.0109 (my / km) Reciprocal = 1/0.0109 = 91.7 km / my  
= 91.7 𝑘𝑘𝑘𝑘
1 𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

× 1000 000 𝑘𝑘𝑘𝑘
1 𝑘𝑘𝑘𝑘

× 1 𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
1 000000 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

= 91.7 𝑚𝑚𝑚𝑚/𝑦𝑦𝑦𝑦 

Seamount  Age in 
Millions 
of years 

Distance from the Moreton 
Brisbane seamount 

In cm on 
map  

In km  
(____cm x 200) 

Moreton 
Brisbane  

22.5 0 0 
Britannia  18.1 1 200 
Hunter  17.5 2.5 500 
Taupo 11.2 4 800 
Gascoyne  7 7 1400 

y = -0.0109x + 21.561
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Questions  

1. Explain why it is difficult to determine the location of the hotspot by direct measurement. 

Hotspots are located below the mantle which is 5 – 10 km below the ocean bed and we do 
not yet have the technology to directly sample these depths.  

2. Explain the process used to obtain rock samples from these seamounts and to determine 
their age.  
• Organise scientific expedition on research vessel such as RV Investigator including 

obtaining boat time, organising scientific staff etc. 
• Undertake seafloor mapping to identify best location to obtain fresh (unaltered) rocks  
• Dredge rocks from seafloor  
• Cut rocks and the sort, classify, describe, photograph and bag suitable rocks for 

radiocarbon dating back on shore  
3. There are many hotspots on the map which do not have a date. Infer why we have limited 

data on the age of these seamounts.  

Owing to the extreme cost of setting up scientific expeditions to obtain dredge samples from 
the bottom of the ocean.  

4. Evaluate how close each data point was to the line of best fit and explain any variation?  

The variation was of the order of 1-2 millions of years which may be due to small variations 
in the speed of the Indo-Australian tectonic plate.  

5. State your calculated value for the speed of the Indo-Australian plate and compare this to 
the accepted value of 70 mm/year. 
The calculated value was 91.7 mm/year and this is quite close to the accepted value given 
the variations between the data points and the line of best fit described in the previous 
question. 

6. Infer why has there not been any volcanoes produced by the Tasmantid hotspot in the last 7 
million years?  
The hotspot may be below a thicker section of oceanic crust and so has not been able to 
break through or the hotspot may have cooled due to some process we do not yet 
understand.  
 

7. This process could be repeated to determine the current location of the Lord Howe 
seamount hotspot. Use the data on the map to evaluate how reliable such a calculation 
would be to the calculation you just performed for the Tasmantid  seamount chain.    
This calculation uses 5 data points, however there are only 2 available data points for the 
Lord Howe seamount so this method would be much less reliable than the one just 
performed.  



Oceanic Hotspots and RV Investigator 

Use the information contained in “3 Oceanic Hotspots and RV Investigator.ppt” to answer the following questions  

1. Compare the processes which have led to the formation of island and submarine hotspot volcano chains.  

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________ 

2. Explain how the Hawaiian Islands have formed.  

___________________________________________________________________________________________

___________________________________________________________________________________________ 

3. Explain the processes which have led to the formation of the Tasmantid and Lord Howe Seamount Chains. 

___________________________________________________________________________________________

___________________________________________________________________________________________ 

4. Describe the characteristics of the RV Investigator (refer to CSIRO 2019, Marine National Facility. Available at: 
https://mnf.csiro.au/ (Accessed 4 February 2020)) 

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________ 

5. Explain the voyage goals and hypothesis of the 2018 RV Investigator Voyage. 

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________ 

6. Explain the role of onboard mapping on the voyage and outline why mapping systems use sound waves 
instead of radio waves. 

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________ 

7. What is the role of the sub-bottom profiler. 

___________________________________________________________________________________________

___________________________________________________________________________________________
___________________________________________________________________________________________ 

8. Outline the process from when the rocks are deposited on the deck through to Argon dating.  

___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________ 

9. Explain the formation processes of the common oceanic rocks: Basalt, Conglomerate and Breccia.   

___________________________________________________________________________________________

___________________________________________________________________________________________

https://mnf.csiro.au/


___________________________________________________________________________________________
___________________________________________________________________________________________ 



AUSTRALIA IN THE PALEOGENE PERIOD (65 MYA) 

(Blakey, n.d.)



AUSTRALIA (PRESENT DAY)

(Blakey, n.d.)



ISLAND HOTSPOT VOLCANO CHAINS 

• The Hawaiian Islands are the most famous 

example of a hotspot island volcanic chain 

• Each island is formed as it sat over the 

hotspot and as the plate moved the island 

went with it and a new volcano was 

formed above the hotspot.  

• Large shield volcanoes develop over these 

hot-spot locations. Mauna Loa on Hawaii 

rises to over 4000 metres above sea level 

and the flanks of the volcano continue 

beneath the sea for five more kilometres.

(Geology In, 2018)



SUBMARINE  HOTSPOT VOLCANO CHAINS - AUSTRALIA  

• To the east of the Australian 

continent there are two chains 

of seamounts running north-

south in the Tasman Sea. They 

are the Lord Howe Seamount 

Chain and the Tasmantid

Seamount Chain. 

• They are eroded volcanoes that 

formed within the last 25 million 

years as the Australian plate 

moved northwards over one or 

more mantle plumes. 

(Roach and Bear-Crozier, 2017, p. 36)



THE PROPOSED BALLENY
SEAMOUNT CHAIN 

• There has been a large amount of 

scientific research completed on the 

Lord Howe and the Tasmantid Seamount 

Chains. The age of many of these 

volcanoes has been determined and they 

have been mapped extensively. 

• Scientists believe there an another 

seamount chain further south of these

(Roach and Bear-Crozier, 2017, p. 36)



THE PROPOSED BALLENY
SEAMOUNT CHAIN 

• The proposed Balleny Seamount Chain extends 

from waters to the East of Tasmania and includes 

the Balleny Islands formed in the last few million 

years.   

• By studying seamounts at the northern end of this 

chain scientists hope to piece together how the 

tectonic plates have been moving over the last 80 

million years. 

• It will also help them to determine the role of the 

Balleny hotspot in the breakup and fragmentation 

of the Gondwana supercontinent into present day 

Australia, Antarctica, India and South America. 

Balleny Islands  

Study Area  

Map data ©2018 Google 



STUDYING OCEANIC HOTSPOT VOLCANOES 
WITH THE RV INVESTIGATOR - A CASE STUDY 

• RV (Research Vessel) Investigator: 

named after Matthew Flinders 

HMS Investigator (1801) 

• A 94 m research vessel which 

allows the Australian research 

community to conduct 

research across a wide range 

of disciplines.  

(Photo by author 2018)



RV INVESTIGATOR

• The RV Investigator has the 

capability to operate 

continuously for 60 days with a 

range of 10,800 nautical miles, 

from the tropics to the 

Antarctic ice-edge. 

• Marine Crew: approximately 20 

• Scientific contingent: up to 40 

personnel comprising scientific 

staff and CSIRO support 

personnel

• Virtual tour found at: 

https://mnf.csiro.au/

(CSIRO, 2012)

https://mnf.csiro.au/


GOALS OF THE VOYAGE 

• For the past few million years, the Balleny

plume has resided beneath the Antarctic 

tectonic plate, forming the Balleny seamount 

chain located offshore Cape Adare, Antarctica. 

• Mantle plumes can exist for tens of millions of 

years, and the Balleny plume has been 

implicated in causing/aiding the continental 

breakup between Tasmania and Cape Adare 30-

50 million years ago. 

• An alternative hypothesis proposes that a 

dramatic plate tectonic reorganisation was the 

driving mechanism. 
(Image Whittaker and Carey, 2019)



THE BALLENY MANTLE PLUME: KEY ROLE IN 
TASMANIA-ANTARCTIC BREAKUP?

“We will test the hypothesis that the Balleny Plume played a significant 

role in the plate tectonic breakup between Tasmania and Cape Adare, 

Antarctica, and also investigate the plume’s influence on the bathymetric 

evolution of the Tasman Gateway and related onset of the Antarctic 

Circumpolar Current.” (Whittaker and Carey, 2019)

The voyage consisted of one main project with the following 

objectives:

1. Swath map the seamounts of the Tasmanian Seamount Chain

2. Dredge key seamounts in the Tasmanian Seamount Chain



VOYAGE TRACK 

(Roach and Bear-Crozier, 2017, p. 36)



PROPOSED VERSUS ACTUAL TRACK 

(Image Whittaker and Carey, 2019)
(Image Whittaker and Carey, 2018)



LEAVING HOBART 27TH DECEMBER 2018 



LEAVING HOBART



MAPPING AND SURVEYING 

• The onboard mapping 
systems uses the travel 
time of sound waves to 
develop a detailed map of 
the bathymetry.

• Sonar technology is used 
as sound waves have 
been found to travel 
through water much 
better than radio waves 
or other types of 
radiation. 

(Whittaker and Carey, 2019)

(Geoscience Australia, 2014)



MAPPING AND 
SURVEYING 

Multibeam Swath

• Mapping systems - multibeam echo sounder which simultaneously 
sends 512 sound signals (or beams) all at slightly different angles.  
Waters on this voyage are often 5 km deep and in these areas the 
multibeam is mapping a strip or swath of seabed 16 km wide.

(Whittaker and Carey, 2019)



SEABED TOPOGRAPHY – BATHYMETRY 

(Source: Smith and Sandwell, 1997)



WHY DO MAPPING? 

To tell us where we are: 

• Provide real time data to all 
on board regarding a wide 
range of geographical, 
oceanographic and 
environmental dat

To tell us where to dredge 
safely: 

• Pass over the seamounts and 
collect high resolution 
mapping of the seabed shape 
(bathymetry) to find the best 
place to dredge 

The operations 
room 

(Map image Whittaker 

and Carey, 2019)



DETERMINING WHERE TO DREDGE

(Images Whittaker and Carey, 2019)



DETERMINING WHERE 
TO DREDGE

• Scientists and crew use mapping data to 

determine the size and shape of the 

seamounts so they can then identify the best 

potential locations to dredge for rocks. 

(Images Whittaker and Carey, 2019)



SUB-BOTTOM PROFILER

• The sub bottom 
profile sends down a 
single beam of very 
low frequency 12 
KHz sound waves 
which can penetrate 
the seabed to a depth 
of 100 m

• This provides details 
of the different 
sediment layers which 
lie below the seabed. 

(Images Whittaker and Carey, 2019)



DETAILED SEAMOUNT 
MAPPING

• Geologists will also use 

the mapping data back 

on shore to identify 

features and thereby 

help them to 

understand how the 

seamounts formed

(Images Whittaker and Carey, 2019)



DREDGING

Bringing up the rocks is a high risk operation and requires communication between the ops 

room, the deck and the bridge 



REAL TIME DATA – WINCH TENSION 
(10 T MAXIMUM) 

(Images Whittaker and Carey, 2019)



WIRE BASKET 



BASKET APPEARS 



REPOSITIONING THE BASKET



ROCKS DEPOSITED ON DECK 



SCIENTISTS EXAMINE THE ROCKS



BREAKING ROCKS



LOADED INTO PALLET CONTAINER



DREDGING ALL HOURS



DREDGING THE 
SOUTHERN OCEAN

• Difficult to get a fine 
weather window to allow 
dredging (12 m swell) 



BIOLOGY

The voyage was only licenced to collect rocks so 
any “biology” could be examined and 
photographed but needed to be returned to the 
ocean. 



BIOLOGY

Shells, coral and micro-fossils 
called foraminifera  were 
found within rocks and 
sediments. 

These can also be used to 
date when the seamount 
sank beneath the surface

(Images Whittaker and 

Carey, 2019)



FOSSILISED WHALE EAR BONE 

• The New Years Day rock dredge yielded a 
5.5 cm wide object amongst the rocks.

• One of the geologists thought it looked 
like a whale ear bone. These small bones 
are much denser than the other bones in a 
whale so are more likely to be preserved 
and fossilised. 

• Staff at the Victorian Museum eventually 
identified it as the tympanic bulla bone 
from a Cuvier's Beaked Whale (Ziphius
cavirostris). 

• It lived between 2500 and 5000 years ago
• https://www.nationalgeographic.com.au/australia/lucky-dip-in-ancient-

volcano-yields-whale-of-a-find.aspx (Images Whittaker and Carey, 2019)

https://www.nationalgeographic.com.au/australia/lucky-dip-in-ancient-volcano-yields-whale-of-a-find.aspx


CUTTING THE 
ROCKS

• These volcanoes 
erupted around 30 to 
50 million years ago so 
the rocks have been 
significantly altered. 

• Rocks were cut with 
the rock saw to reveal 
the original or “fresh” 
rock in the centre. 



DESCRIBING THE ROCKS 

• After cutting the rocks were moved to the 

wet lab where geologists examined the 

rocks using:

• hydrochloric acid to test for remnant 

coral or shells

• magnets to test for metallic content

• microscopes to identify minute mineral 

crystals such as feldspar

• The rocks were then catalogued, 

photographed and stored ready to be 

further analysed and dated back on shore. 



ROCK TYPES 

• Fresh basalt is the most common rock from 

undersea volcanoes as the lava cools quickly 

once it enters the water. Basalt is used to date 

the age of the seamount using the Argon Argon

dating technique.

• This rock is vessicular basalt with infills of 

zeolite from alteration (the process of chemical 

change over time). This type of alteration can 

hint at hydrothermal vent activity in the 

seamount.

(Images Whittaker and Carey, 2019)



ROCK TYPES 

• Most rocks had thick manganese crusts  
which builds up over millions of years. 
The width and layers of the crumbly, 
black manganese crust is useful for 
dating where the layers can provide 
information about ocean conditions at 
the time of formation. 

• Rocks containing white calcium 
carbonate points to a time the 
seamount was above or close to sea 
level even though it may now be many 
kilometres below the surface today.

(Images Whittaker and Carey, 2019)



ROCK TYPES 

• Breccia – angular clasts. Fragments 

from eruptions which settled and 

formed sedimentary rocks. These can 

form from effusive (flowing) lava or 

explosive lava. 

• Conglomerate – rounded clasts. 

Fragments were originally angular but 

over time they formed rounded 

fragments in a high energy marine  

environment, the plateau of a 

seamount located in the surf zone and 

which later experienced subsidence. 

(Images Whittaker and Carey, 2019)



RESULTS?

• Still waiting…..

• Getting the results back from the lab is not a quick as on CSI

• The rocks are dated using 40Ar/39Ar ratios but the results will 

not be ready until mid-2020.

(Groucho Reviews, 2009)
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 Research Voyage Technology and Hotspot Volcanos 

 Student 
 

 Teacher  

Year Level / Subject 
 

Year 9 Science  Assessment 
Instrument 

 

Unit Technology and Hotspot Volcano 
Research 

FINAL DUE  

 

Conditions 
Mode Assignment – Research Investigation Length 700 - 1000 words 

 
Other 
Conditions 

• Adhere to the school Assessment Policy 
• Individual research 

 

Checkpoint (dates) Authentication Strategies 
Claim selected:     
Draft submitted:    
Final submitted:   

 

 

Dimensions Level of Achievement 
Science Understanding  
Science Inquiry Skills  
OVERALL 
 

 

 

Feedback 
_____________________________________________________________________________________________  
_____________________________________________________________________________________________ 
_____________________________________________________________________________________________ 
_____________________________________________________________________________________________ 
 

 

Achievement Standards 
By the end of Year 9, students  
- Explain global features and events in terms of geological processes and timescales.  
- Describe social and technological factors that have influenced scientific developments and predict how future 

applications of science and technology may affect people’s lives. 
- Design questions that can be investigated using a range of inquiry skills.  
- Evaluate others’ methods and explanations from a scientific perspective 
- Use appropriate language and representations when communicating their findings and ideas to specific 

audiences. 
Australian Curriculum Content Descriptors and Elaborations  
ACSHE157- Scientific understanding, including models and theories, is contestable and is refined over time 
through a process of review by the scientific community 
ACSHE158 - Advances in scientific understanding often rely on developments in technology and technological 
advances are often linked to scientific discoveries 
ELBS1122 – Investigating technologies involved in the mapping of continental movement 
Cognitive Verbs 
Analyse, argue, communicate, discuss, explain, identify, investigate, justify, predict, select  



 

 

 

 

 

 

 

Context 
You have been studying plate tectonics, hot-spot volcanoes and have examined a case study of a 2018 RV 
Investigator voyage as an example of how modern technologies contribute to advances in scientific 
understanding.  

Task 
Investigate one of the following claims: 

• Scientific advances such as the identification of a new seamount chain could not occur without a range of 
modern technologies. 

• Scientific research voyages which utilise modern technology can lead to gradual changes in our current 
models of hot spot volcanoes. 

• Earthquakes and Volcanoes do not pose a risk for Australia as we sit in the middle of a large tectonic plate, 
so we should not waste money on scientific research voyage technology in geoscience.  

• Australia should focus all its geoscience research and technology into locating the mantle hot spot currently 
below Bass Strait as this could erupt at any time.  

You may identify an alternative claim, related to how technology is used to research hot spot volcanoes, in 
consultation with your teacher. 

To complete this task, you need to: 
• select a claim to be evaluated  

• identify and explain the relevant scientific concepts associated with the claim – explanations should use 
appropriate technical language and include images, maps, diagrams and graphs 
 

• investigate your topic and select scientific evidence to support (or refute) the claim 

• explain how scientists use current technologies to investigate the topic you are considering 
 

• analyse the data (include statistics, graphs, charts etc.) 

• develop a scientific argument to support or refute the claim (including justified conclusions) 

• discuss the quality of the evidence 

• communicate findings in an appropriate scientific genre, including a correctly formatted Reference list. 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Claim: _________________________________________________________ 
 

Claim Introduction: 
- Introduce claim.   

Evidence & 
Reasoning  

 
 
 
 

Paragraph 1:  
Explanation of topic - Identify the relevant scientific concepts associated with the 
claim 

- Structure of the Earth and plate tectonics 
- The creation of chains of hotspot volcanoes 

 
Paragraph 2: 

- Explain what technologies are used to investigate this topic  
- e.g. research voyages, mapping and surveying systems, radiometric dating 

etc.   
 
Paragraph 3: 

- Explain how these technologies are related to the claim you are investigating.  
- Evaluate the quality of the data produced by these technologies  
- Outline the process by which the scientific community reviews this data and 

agrees on new models or theories 
 

Paragraph 4: 
- Conclusion and re-state claim and whether it has been proven or refuted. 
 
Reference list: 
- Alphabetical order and APA 

 Weekly checkpoints 
Week :  
Week :  
Week :   

 



                            
                                                                                                                  YEAR 9 SCIENCE 

 

 

Comments:________________________________________________________________________________________________________________________________ 

SU SIS 
  

 A B C D E 

Science Understanding     

Ea
rt

h 
an

d 
sp

ac
e 

sc
ie

nc
es

 

justified explanation of global 
features and events in terms 
of geological processes and 
timescales  

informed explanation of 
global features and events in 
terms of geological processes 
and timescales  

explanation of global features 
and events in terms of 
geological processes and 
timescales  

description of global features 
and events with reference to 
geological processes and 
timescales  

statements about 
global features 
and events  

justified explanation of how  
science and technology may 
affect peoples’ lives  

informed explanation of how  
science and technology may 
affect peoples’ lives  

explanation of how science 
and technology may affect 
people’s lives  

statements about applications 
of science and technology 

statements about 
science and 
technology  

Science inquiry skills     

Pr
oc

es
si

ng
 

an
d 

an
al

ys
in

g 
da

ta
 a

nd
 

i
f

ti
 

 

analysis of trends in data to 
identify and explain 
relationships and draw 
justified conclusions  

analysis of trends in data to 
identify and describe 
relationships to draw 
conclusions consistent with 
evidence  

analysis of trends in data to 
identify relationships   
 
 

statements about trends and 
inconsistencies in data  

statements about 
data  

Ev
al

ua
tin

g application of scientific 
knowledge and investigation 
findings to critically evaluate 
claims made by others 

application of scientific 
knowledge and investigation 
findings to make informed 
evaluations of claims made 
by others 

application of scientific 
knowledge and investigation 
findings to evaluate claims 
made by others 

description of claims made 
by others 
 

statements about 
claims 

C
om

m
un

ic
at

in
g 

concise and coherent use of 
appropriate language and 
accurate representations 
when communicating findings 
and ideas to specific 
audiences  
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