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CATCH MY DRIFT 
      

ABSTRACT 
A 4 part lesson about a voyage on a very special 
research vessel, plate tectonics in the context of 
the Australian – Antarctic break up and intrepid 
Australian geoscientists as detectives piecing 
together the past in order to learn more about 
our future. 
Emily Fewster, Science Teacher and 
Voyage Participant 
Stage 5 Science, NSW Syllabus 
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Part 1:  A career in Earth Science could help unlock the secrets of how our 
planet works. 
 
Meet Associate Professor Jo Whittaker.   
Jo was the Chief Scientist on Research Vessel (RV) Investigator’s December 2018/January 
2019 voyage investigating the role of mantle plumes in the break-up of Australian and 
Antarctica. However, this was Jo’s third research voyage. She has previously undertaken 
research into plate tectonics aboard both RV Investigator and its predecessor, RV Southern 
Surveyor. 
 
Watch this video to get a flavour for the type of research Jo does and why she does it. 
 

 
Video: https://www.youtube.com/watch?v=uovckdNZCbU 

Questions:  
 

1. What is Associate Professor Whittaker most interested in looking at?  
a. plate tectonics 
b. mantle plumes 
c. terrestrial volcanos 
d. rift valleys 
 

2. How does Jo describe what a mantle plume is? 
________________________________________________________________________
________________________________________________________________________ 
________________________________________________________________________ 

 
3. What important piece of geological evidence did Jo and her team find on the ocean 

floor off shore of Perth, Western Australia? 
________________________________________________________________________
________________________________________________________________________ 
________________________________________________________________________ 

 
4. Name two reasons why ocean basins are important to study. 
________________________________________________________________________
________________________________________________________________________ 

https://www.youtube.com/watch?v=uovckdNZCbU
https://www.youtube.com/watch?v=uovckdNZCbU
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Introducing RV Investigator, Australia’s own state of the art marine research vessel. 
RV Investigator has been built specifically to meet the needs of Australian marine scientists 
to undertake geoscience, atmospheric, biological and oceanographic research to 
dramatically improve the national marine knowledge. 
 

 
Photo: Drone picture of RV Investigator. Supplied: Marine National Facility 

 
Get to know your country’s own research ship a little better by reading through this web 
page https://www.csiro.au/en/Research/Facilities/MNF/RV-Investigator-2 
and answering the following questions. 
 
Questions: 
 

5. In which oceans does RV Investigator carry out research? 
________________________________________________________________________ 
 
6. Can RV Investigator operate in the waters off Antarctica? Yes / No 
 
7. Australia’s oceans are estimated to contribute some $__ billion annually to the 

Australian economy. 
 

8. List one of the research capabilities of RV Investigator. 
________________________________________________________________________
________________________________________________________________________ 

 
Optional Extension activity/ homework: 
 
Would you be interested in a career in geology? My Future allows you to build a career 
profile, discover occupations, browse courses, explore case studies and career insights, plan a 
career pathway and discover the world of work. 

• Create a free account at https://myfuture.edu.au/home 
• look up pathways and prospects of Geologists, Geophysicists and Hydrogeologists 

https://www.csiro.au/en/Research/Facilities/MNF/RV-Investigator-2
https://myfuture.edu.au/home


 4 

Part 1 Answers: 
 
Did you answer something like this? 
 
Meet Associate Professor Jo Whittaker.   

1. mantle plumes 
2. cylinders of hot material that come up from the deep interior to the surface and can 

erupt rapidly. 
3. Jo and her team found two massive underwater plateaus that were bits of 

continental rock (not oceanic!) and in fact remnants from the continent of India left 
as it moved from Australia, northwards to its current position in Eurasia. 

4. Studying ocean basins can help us: 
• understand how our dynamic Earth functions and the mechanisms involved 
• understand how our ocean currents move and change over millions of years 
• predict what may occur in future environments on Earth (by understanding what 

occurred in the past) 
 
Introducing RV Investigator 

5. Indian, Pacific and Southern Oceans 
6. Yes, RV Investigator can operate at the ice-edge in Antarctic waters 
7. $42 billion dollars 
8. Examples of some of its state-of-the-art features and capabilities include: 

• Mapping the sea floor at any depth. Australia has the third largest ocean 
territory in the world, but only 25 per cent of Australia’s Exclusive Economic Zone 
(EEZ) has been mapped with multibeam. Much of our deep ocean remains 
unexplored and unknown. 

• Studying what marine life lives between 1500 to 3000 metres below the surface 
to learn more about where fish live, eat and breed in order to better manage our 
fisheries.  

• Collecting data in a 150 kilometre radius around the ship to improve our weather 
forecasts. It is one of only a handful of vessels globally that has a weather radar 
on board.  

• Capturing water samples as deep as 7000 metres to help understand where 
ocean currents travel and to monitor changes in deep ocean temperatures.  
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Part 2: Did the Balleny Mantle Plume help break up Australia and Antarctica 
and play a role in the glaciation of Antarctica?  
 
Science is all about making observations, developing questions and then creating and 
testing hypotheses to help answer those questions…..and this often leads to even more 
questions. Models, theories and laws are refined over time by the scientific community 
applying this process, the scientific method. 
 
In December 2018 Associate Professor Jo Whittaker was back onboard RV Investigator 
asking more questions and refining ideas about plate tectonics, this time with a focus on the 
seafloor and seamounts to the East and South East of Tasmania. 
 

 
Jo Whittaker, centre, joins Sophie Schmidt and PhD student Tom Schaap in the lab aboard RV 

Investigator to identify and describe rocks dredged up off the sides of ancient seamounts.  
Photo by: Emily Fewster with permission from Jo, Sophie and Tom. 

 
 
To give you some insight into the research process, read through the following extract from 
Jo’s voyage report.  
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Voyage Summary Extract: Associate Professor Jo Whittaker 

Title: The Balleny mantle plume: key role in Tasmania-Antarctic breakup? 

Purpose 
The role that mantle plumes, hot upwellings from the Earth’s interior, play in driving 
continental breakup and plate tectonic motions remains a key question in the Earth 
Sciences.  
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. However, an alternative 
hypothesis proposes that a dramatic plate tectonic reorganisation was the driving 
mechanism.  
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.  
The key to answering these questions lies in the rocks of the Tasmanian Seamount 
chain stretching across the Tasman Sea, to the east and south of Tasmania.  
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 and use rock 

samples from the seamounts to date their formation. 

 
 Image 1: Location of the seamount sites being investigated in the Tasman Sea. Source: MNF/CSIRO 
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Questions: 
 

1. Locate and highlight: 
• the hypothesis the research is testing, and, 
• the data being collected to help test it? 

2. Look up the word bathymetry and write down the definition. 
________________________________________________________________________
________________________________________________________________________ 
________________________________________________________________________ 

 
3. RV Investigator has been upgraded with improved multibeam sonar technology that 

can map the sea floor by bouncing sound off it and recording when the echoes come 
back to the ship. Watch this video and answer the question below. 

 

 
Animation 1. Seamounts mapped by the RV Investigator’s multibeam sonar. Source: 

https://www.youtube.com/watch?v=VqzeWw35CXo 
 

How wide a swath can RV Investigator survey and to what depth?__________________ 
 
 
The glaciation of Antarctica: learning more about global systems in the past can help 
scientists to build more accurate climate models to predict the future. 
 
At around 100 million years ago in the Cretaceous period Antarctica shared much of its flora 
and fauna with Tasmania in a tropical paradise setting.  
 
Watch the following video animation of the break-up of super continent Gondwana into 
various tectonic plates, including Australia and Antarctica. The colours show the predicted 
depth of the seafloor at various times into the past. Pause the video to have a look at what 
happens around 34 million years ago between Australia and Antarctica. 

https://www.youtube.com/watch?v=VqzeWw35CXo
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Animation courtesy of Associate Professor Jo Whittaker 

Source: https://youtu.be/WyAOlxniEJo 
 
 
 

 
 

Image 2. Caption. Source.Slide images courtesy of Associate Professor Jo Whittaker 
 
 

https://youtu.be/WyAOlxniEJo
https://youtu.be/WyAOlxniEJo
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In a CSIROscope blogpost interview Jo Whittaker outlined that: 
 

 “Antarctica underwent a dramatic change 34 million years ago going from 
Tasmanian rainforests to a glaciated state.” 
“Around the same time, it’s thought that the Tasman Gateway, separating Antarctica 
from Tasmania, opened up.” 
“My research is all about determining whether the mantle plume played a role in 
opening the Gateway.” 

 
Crucially, carbon dioxide levels (a potent greenhouse gas) had been decreasing around 34 
million years ago too and lowering average temperatures. However, scientists are 
undecided if all of the glaciation of Antarctica can be attributed to the lower greenhouse gas 
levels versus the influence of a new gateway through which the sea floor widened enough 
to form an opening for colder waters to start circulating around Antarctica. We call this 
the Antarctic Circumpolar Current (ACC), which thermally isolates Antarctica and helps 
keeps it cold. 
 
It’s possible that the Balleny mantle plume (hot spot) uplifted the seafloor and led to the 
opening of the Tasman Gateway – and the related onset of the ACC. Determining how and 
when the seamounts formed in this region will help us better understand the evolution of 
the ACC and will help fine tune the inputs into climate models that we use to predict the 
future climate of our planet. 
 
Questions:  
 

4. Recalling what you saw in the video, describe what happened to Antarctica between 
100 and 34 million years ago.  

________________________________________________________________________
________________________________________________________________________ 
________________________________________________________________________ 

 
5. Name the process or mechanism involved in driving Gondwana land apart into the 

various “drifting” continents. 
__________________________ 

 
6. Use the words below to complete the following sentences. 
 

past      models       scientific method      plate tectonics      future 
 

Around the world scientists like Jo Whittaker undertake research using the ______ 
______ to refine our understanding of how _______ _______ has shaped our Earth 
and interacts with global systems. This understanding of our planet’s ______ allows 
scientists to improve _______ to better predict the ________. 

 
 
 
 
  

https://blog.csiro.au/did-a-hotspot-break-up-your-relationship/
https://blog.csiro.au/explainer-how-the-antarctic-circumpolar-current-helps-keep-antarctica-frozen/


 10 

 Part 2 Answers: 
 
Did you answer something like this? 
 

1. Hypothesis: the Balleny Plume played a significant role in the plate tectonic breakup 
between Tasmania and Cape Adare, Antarctica 
Data being collected:  

• Swath map the seamounts of the Tasmanian Seamount Chain 
• Dredge key seamounts in the Tasmanian Seamount Chain and use rock 

samples from the seamounts to date their formation. 
2. Bathymetry is the study and mapping of the sea floor. It involves obtaining 

measurements of the depth of the ocean and is the equivalent to mapping 
topography on land. 

 
3. RV Investigator can map to full sea floor depth (that’s some 6000m) and in swaths 

30km wide. 
 

4. 100 million years ago Australia and Antarctica were no longer joined to Gondwana. 
At 34 million years ago Australia had broken free of Antarctica, opening a sea 
gateway around its perimeter.  

 
5. Plate tectonics 

 
6. Around the world scientists like Jo Whittaker undertake research using the scientific 

method to refine our understanding of how plate tectonics has shaped our Earth and 
interacts with global systems. This understanding of our planet’s past allows 
scientists to improve models to better predict the future. 
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Part 3: Hotspots can help us track past plate movements. 

While a mantle plume (hotspot) more or less stays put over time, tectonic plates can 
continue to drift over it, resulting in seamounts sprouting up in chains across the seafloor. A 
mantle plume can also cause the Earth’s surface to be uplifted for thousands of kilometres 
around it followed by a big subsidence as it later moves away from the hotspot. 

The volcanic island chain of Hawaii was created (and continues to be added to) by one of 
the most well known mantle plumes (hotspots) on the planet as the Pacific plate drifts over 
it. In the diagram below you can see the youngest volcanic island is Hawaii at 0.7 million 
years old while the oldest is Kaui at 3.8 to 5.6 million years old. That means some 3 million 
years of continental drift away from the hotspot has occurred between the formation of 
Kaui and Hawaii. 

 

Image 3.The volcanic island chain of Hawaii continues to be created by a hotspot in the 
Earth’s mantle. Source: Smithsonian.com 
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Australia’s volcanic past – hotposts on the mainland. 

Did you know the Australian continent has mapped out a path of its previous movement? 
This path is in the form of a line of extinct volcanoes that run along Australia’s east coast 
and off into the southern Tasman Sea. 

 

Image 4. The age of Australia’s ancient hotspot volcanoes. Source: Reid 2003 

These volcanoes were once very active indeed and were formed by the Australian plate 
passing over a particular hot region of the upper mantle, known as a hotspot. The hotspot is 
thought to be relatively stationary as it burns a hole through the overlying Australian 
continent forming a volcano. 

Questions: 

1. Which volcano is the oldest?___________________ 
2. What is the age of the youngest volcano?____________ 
3. Where is the current position of the hot spot? 

a. off the northern coast of Queensland 
b. under Adelaide, South Australia 
c. off the coast near the border of New South Wales and Victoria 
d. off the southern Victoria coast and the western Tasmanian coast 
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4. Complete the sentences by selecting the most correct words (in blue).  

Because the ages of the volcanos progressively increase northwards / southwards / 
eastwards / westwards this suggests that the plate must also be moving in this 
direction as it passes over the hot spot. Currently the volcano locations are trending 
to the south west indicating the continent is moving to the north east / north west / 
south west / south east. 

5. Is there any evidence that the direction of plate movement of the Australian plate 
has changed in the last 35 million years? 

________________________________________________________________________
________________________________________________________________________ 
________________________________________________________________________ 

 

 

Part 3 Answers: 

Did you answer something like this? 
 

1. The oldest volcano is Hillsborough at 33.2 million years old. 
2. The youngest volcano is 12.0 million years old (in Western Victoria). 
3. The current position of the hot spot off the southern Victoria coast and the western 

Tasmanian coast 
4. Because the ages of the volcanos progressively increases northwards this suggests 

that the plate must also be moving in this direction as it passes over the hot spot. 
Currently the volcano locations are trending to the south west indicating the 
continent is moving to the north east. 

5. The line of best fit of the volcanoes indicates a shift in the movement direction from 
north west to north east during the past 35 million years. 
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Part 4: Meet the Rock Stars – treasures from the deep 
Lets’s get back to RV Investigator and Jo Whittaker’s research. On the voyage, Jo’s aim is to 
use the rocks collected from each dredge to help piece together a story about the age and 
evolution of each individual seamount and identify which seamount belongs in which 
“family” chain of seamounts. Pictured below are of some of the types of rocks that were 
targeted in the dredging activities and why. 
 
 
 
 
Fresh volcanic basalt with 
its dark-grey colour is 
prized in each dredge as it 
can be used to date the 
age of the seamount 
using the Argon-Argon 
dating technique. 
 
 

 
Photo credit: Emily Fewster 

 
 
 
 
Breccia tells us about 
sedimentary processes 
that have occurred and 
contains fragments from 
past eruptions. This 
provides context for the 
type of volcano the 
seamount was, that is, 
either effusive with 
flowing lava or explosive 
where lava and rock 
fragments were blown up 
into the water and 
possibly air. 

 
Photo credit: Emily Fewster 
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This rock is vesicular 
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. 
 

 
 

 
 
 
The width and layers of 
the crumbly, black 
manganese crust on 
some of the rocks is 
useful for a new dating 
technique where the 
layers can provide 
information about what 
ocean conditions were 
like at the time of 
formation. 
 

 
 

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

 
All photos credit to Emily Fewster 
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Carbonate, the building 
material of coral, can be 
tested for quickly by 
dropping weak acid on a 
sample. Fizzing of carbon 
dioxide bubbles indicate 
the sample contains 
carbonate. 
Carbonate is ideal for a 
process called strontium 
dating which can tell us 
about subsidence history 
of the seamount. 

 
 

 
 
Macro-fossils such as 
shells and coral along 
with micro-fossils (called 
foraminifera and shown 
here magnified 40 times) 
can be found within rocks 
and sediments that we 
dredge.  
 
Fossil types can also be 
used to provide relative 
dating of when the 
seamount sank beneath 
the surface. 

 
 

 
 

 All photos credit to Emily Fewster 
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The Rock Cycle and Identifying Rocks 
 
Do you recall learning about the rock cycle? Here is a refresher to remind you about the 3 
main types of rocks: igneous, metamorphic and sedimentary. 
 

  
Image 5: The Rock Cycle. Source: http://cashewapp.co/the-rock-cycle-diagram-fill-in-blank/rock-
cycle-diagram-fill-in-the-blank-blanks/ 
 
Label the blank rectangles in the diagram with the correct description number. 
 

1. Rock melts and makes magma 
2. Magma cools below the surface and forms intrusive igneous rock  
3. Volcanic eruption brings magma to the surface becoming lava. Lava cools and forms 

extrusive igneous rock. 
4. Rocks get buried and heat and pressure change them to metamorphic rock 
5. Rocks crumble and move due to weathering and erosion 
6. Small bits of rock deposit in layers and make sedimentary rock 

 
 
 
Here is a summary of the major differences between the three types of rocks. 

• Igneous: Hard, brittle, homogenous (look the same in all directions). 
• Metamorphic: Hard, brittle, sometimes has bands of different minerals, minerals 

orientated, bands often folded. Adjacent to unaltered country rocks. 
• Sedimentary: Soft, brittle or ductile, ripples, particles graded by size, fossils common. 

Deposited in layers. 
 
 
 
 
 
 

http://cashewapp.co/the-rock-cycle-diagram-fill-in-blank/rock-cycle-diagram-fill-in-the-blank-blanks/
http://cashewapp.co/the-rock-cycle-diagram-fill-in-blank/rock-cycle-diagram-fill-in-the-blank-blanks/
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Identifying Rocks 
 
In this practical you will use a key to identify some rocks. A key is a systematic flow diagram 
that allows you to make decisions that will lead to the identification of an object. Keys that 
present two choices at each stage are called dichotomous keys.  
 
Keys are an arbitrary separation of objects. If you were to write a key for a group of rocks 
you would come up with a different key than the next person. When dealing with natural 
objects you would come up against the natural variations that occur. Colour is an unreliable 
feature to use for the classification of rocks. Limestone is a rock that varies from white to 
black with every shade of grey in between. It is also commonly green or red. Granite can 
have an overall pink colour or it can be grey. There are many keys to the classification of 
rocks and a very simple one has been provided here. 
 
If you do not have a personal rock collection then use these two photographs provided to 
test out the key and identify the rocks. 
 
What to do: 
 
1 Read through the rock key. 
2 Look at the photographs of rocks and use their descriptions to key out each rock. If you 
have a set of rock samples then try to key out the rocks that you have. 
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Rock key 

 
 
 
Source: Internet Resources to Accompany the Sourcebook for Teaching Science. 2007. 
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Identifying unknowns 
 
There are two unknown rocks for you to identify. The properties of each rock are given. The 
first one is keyed for you. 
 

 
Photo credit: James St John 

 
Properties of unknown rock R 

• Does not fizz with acid. 
• Crystals can be seen without a lens. 
• Particle size smaller than 2 mm. 
• Grains look like sand, easily scratched off. 
 

When using a key it is a good idea to write down the steps that you take. In exams marks are 
awarded for how far you got through the key as well as the correct answer. For example: 
Steps in the key to identify unknown rock R. 
1B go to 2 
2A go to 3 
3A go to 4 
4A sandstone 
The rock is sandstone. 
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Now have a go at keying unknown rock Q yourself. 
 

 
Photo credit: James St John 

 
Properties of unknown rock Q 

• Rock does not fizz with acid. 
• Crystals can be seen without a lens. 
• Made up of particles smaller than 2 mm. 
• Grains not like sand. 
• Made up of different colour crystals. 
• Small crystals 

 
Rock Q is ____________________ 
 
This type of rock is a sedimentary / metamorphic / intrusive igneous / extrusive igneous 
rock. 
 
 
 
 
 
Optional extension activity 
 
Go into your local environment and collect at least two different rocks. Use the rock key to 
identify the rocks.  
 
Name and then describe how you identified the two rocks from the local area. 



 22 

 
 
Part 4 Answers: 
 

 
Image 6: The Rock Cycle – modified with answers. Source: http://cashewapp.co/the-rock-cycle-
diagram-fill-in-blank/rock-cycle-diagram-fill-in-the-blank-blanks/ 
 
 
Rock Q is granite. 
 
This type of rock is an intrusive igneous rock formed when magma cools below the Earth’s 
surface. 
 
 
  

http://cashewapp.co/the-rock-cycle-diagram-fill-in-blank/rock-cycle-diagram-fill-in-the-blank-blanks/
http://cashewapp.co/the-rock-cycle-diagram-fill-in-blank/rock-cycle-diagram-fill-in-the-blank-blanks/
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