
STRUCTURE TECTONICS, EARTH MATERIALS 
 
The Structure/Tectonics group at RSES is led by Professor Gordon Lister.  It 
comprises one Research Fellow (Dr Marnie Forster, APD awarded 2004) and two 
Post-Doctoral researchers (Dr Justin Freeman, PhD awarded 2004, and Mr Simon 
Richards, PhD submitted, 2004).  Dr Joe Kurtz joined the group during 2004 as a 
Scientific Programmer.  During 2004 there were five PhD students in the group 
(Marco Beltrando, Meghan Miller, and David Wood continuing their studies; Katie 
Bishop and Anthony Reed joining the group mid-year).  Virginia Toy completed 
her MPhil during 2004, and submitted her thesis for examination.  Four Honours 
students were supervised in conjunction with the department of Earth and 
Marine Sciences (Katie Bishop, John Clulow, Courtney Gregory and Anthony 
Reed), and these have now completed.  Daniel Viete was a Research Intern.  
Lidena Carr joined the group as Research Assistant. 
 
The group is closely associated with the 40Ar/39Ar geochronological facility 
directed by Dr Jim Dunlap, and much of our research is linked to that facility.  
There are also strong (continuing) interactions with Earth Physics (involving 3D 
interpretation of tomographic images, and in terms of the study of slab 
dynamics, with Professor Brian Kennett, and Dr Wouter Schellart).  The group 
also closely interacts with Earth Chemistry, in respect to the use of SHRIMP for 
analysis of monazite inclusions and metamorphic rims on zircons, allowing us to 
time processes inferred from field studies. 
 
Our major external interactions are with GEMOC at Macquarie University (with 
Professor Suzanne O’Reilly and Dr Bill Griffin), the Australian Crustal Research 
Centre at Monash University (with Dr Peter Betts, and Dr David Giles, with whom 
an ARC Linkage Grant is being conducted, with BHPBilliton), AngloGoldAshanti 
Australia supporting a project in central Queensland, and the DeBeers group, 
supporting research into the tectonic controls on kimberlite emplacement. 
 
In 2004 the Structure/Tectonics group established a Data Visualization Facility 
(running gOcad and ERmapper) and a Fabric and Microstructure Optical 
Microscopy Laboratory (with a range of different microscopes and high-resolution 
digital photographic equipment).  The group also operates a Toyota Landcruiser 
(for outback fieldwork), satellite phones and GPS equipment. 
 
The techniques adopted by the group for its research include: fieldwork (in 
orogenic belts both within Australia, and overseas), fabric and microstructural 
analysis (“reading rocks” to ascertain their history of deformation and 
metamorphism), geochronology (to time deformation and metamorphic events), 
geophysical data analysis (to plumb the depths for large-scale crustal- and 
lithospheric-structure), 3D data visualization (to allow structures to be viewed in 
context, in perspective, and their geometry to be analysed) and numerical 



simulation (to move towards a geodynamic understanding of large-scale tectonic 
processes).   
 
There are five interwoven threads amongst the research carried out by the 
Structure/Tectonics group: 
• The Nature of Orogenesis – studies in the Alpine-Himalayan chain 
• Planetary-scale Reconstruction – focussed on evolving slab geometries 
• Slab Dynamics – using software developed by the ACcESS MNRF 
• Geochronology – timing deformation and metamorphic events  
• Tectonics and Deep Earth Resources – focussed on gold and diamonds 
 
The key aspect that binds these diverse research themes together is the desire 
to develop a fundamental understanding of the processes of orogenesis, on the 
planetary-scale and to determine how these affect the development of energy 
and mineral resources. 
 
The nature of orogenesis  Research focussed on the evolution of the Alpine-
Himalayan orogenic belt.  Two ARC Discovery projects have been funded that 
enable this aspect: “Revisiting the Alpine paradigm: the role of inversion cycles in 
the evolution of the European Alps” (Lister, Dunlap, Forster) and “Tectonic 
reconstruction of the evolution of the Alpine-Himalayan orogenic chain” (Lister, 
Harrison).  Fieldwork in the classic natural laboratory offered by the European 
Alps is facilitated by the ready access and vast amount of previous detailed 
research.  Tectonic reconstruction, focussed on the planetary-scale aspect, offers 
a more regional perspective and provides the overview that allows ready 
explanation of seemingly complex local variations.   
 
The major result reported during 2004 came from the study of the ultra-high-
pressure locality at Lago di Cignana, Val Tournenche, Italy (led by Australian 
Postdoctoral Fellow Marnie Forster, see Forster et al. 2004). This research has 
shown that tectonic slices (Figure 1) can be shuffled (even on a crustal-scale) in 
either of two ways: Mode I involving repeated use of the same movement zones; 
Mode II involving a vergence change, so that previously extended crust can be  
thrown into crustal-scale cascades of recumbent folds. Individual shuffles may 
involve relative movements in excess of 200km.  Rocks from ~100km depth are 
exposed in the “tectonic shuffle zone” studied. 
 



 
 
The tectonic shuffle zone that has been recognized at Lago di Cignana potentially 
has a very large areal extent (possibly on the scale of the entire European Alps).  
Research continues apace tracking this shuffle zone to determine its lateral 
extent (involving PhD student Beltrando).   
 
The key observation that can be made in any one locality is that there will be a 
plethora of superimposed faults and ductile shear zones, with a fundamental 
shuffling of ‘exotic’ tectonic slices between (Figure 2).   
 

 
 
Essentially this geometry results because the trajectory of older thrusts is not 
precisely followed by younger extensional structures, so that remnant higher 
pressure slices can be stranded.  This mechanism provides an explanation for the 
occurrence of thin-slices of high-pressure rocks between lower-pressure footwall 
and hanging wall, as observed (Figure 3). 
 

 
 

 

 

 

Figure 2.  The geometry 
that leads to a tectonic 
“shuffle” zone, stranding 
thin UHP lenses. 

Figure 1. Mode I tectonic mode switches 
repeatedly juxtapose the same stack of 
‘nappes’ producing a thinly-sliced tectono-
metamorphic stratigraphy.  The next cycle 
of shortening (prior to an accretion event) 
involves a vergence change, so the 
extended crust is thrown into orogen-scale 
cascades of recumbent folds.  Extension 
reinitiates (once accretion has taken place) 
and newly formed extensional shear zones 
dissect the recumbent fold stack. 



It appears that “tectonic shuffle zones” may be of considerable importance to the 
orogenic process, and tectonic mode switches associated with this phenomenon 
may produce pervasive signals though the rock mass, which will be reflected at 
the microstructural scale.  FΔSZ sequences may result. 
 
Therefore, during 2004, PhD student Bishop commenced a PhD on the island of 
Sifnos, with the intent of elucidating the timing and significance of FΔSZ 
sequences that have been recognized there, where F denotes a period of 
recumbent folding, Δ denotes a����������������� mineral 
growth (usually in the form of large overgrowing crystals termed 
porphyroblasts), and SZ denotes an episode of shear zone formation (in this case 
usually extensional in character). 
 
Planetary-scale reconstruction  The focus initially was to revise major plate 
motions during the past 150 million years.  There have been a number of 
incremental advances, and when summed, this data points to some significant 
aspects.  For example MPhil candidate Toy (completed during 2005) was able to 
demonstrate that “slowing” of the advance of India prior to the onset of collision 
with Asia commenced much earlier than previously considered (at ~65 Ma) 
(Figure 4).   
 

 

 
Research intern Mr Daniel Viete compiled an extensive database of isochron and 
rotation pole data, providing a resource for future tectonic reconstruction 
projects. 
 
The next step is the determination of 3D lithospheric slab geometries, including 
the identification of possible tears, folds etc. The inferred motions in these zones 
are of immediate interest, particularly if we are able to reconcile these with the 
relative movements of the larger plates. Figure 5 shows an accentuated 
topography (data from NOAA http://ibis.grdl.noaa.gov/) and earthquake 
hypocentres from the EHB catalogue (after Engdahl, E.R., Van der Hilst, R.D. and 
Buland, R.P. 1998.  Bull. Seismol. Soc. Amer. 88, 722-743).  Flow of the material 
in the over-riding plate may have caused the arc shaped geometries, with 
movement almost orthogonal to the relative movement of the Indo-Australian 
plate.   

Figure 4 (from Toy, MPhil 2005) 
shows the advance of India with 
respect to Asia using the three 
points shown.  From ~70-65 Ma 
the motion of India begins to 
slow, with a dramatic decrease 
from ~45-35 Ma.  



 

 

The task of building planetary reconstructions in 3D is complicated – in particular 
if we aim to include the effects of tearing, folding and stretching lithospheric 
slabs as they subduct.  To this end software development has been undertaken 
in collaboration with the ACcESS MNRF (the Australian Computational Earth 
Systems Simulator) based at the University of Queensland.  Professor Lister was 
appointed a “Director-at-Large” within the MNRF, and during 2004 ANU was 
invited to join in the construction of this facility.  The “Tectonics and 
Geodynamics” project will be the vehicle for the ANU contribution which will 
include continued development of the Pplates software.   
 
Pplates manipulates clouds of ‘mass points’ which can be extracted from 
reconstructed virtual worlds developed for a particular time.  Figure 6 shows the 
‘automatic’ generation of mass points in the Southern Ocean in the past 135 Ma 
as Australia drifted northwards from Antarctica.  Each mass point represents a 
volume of oceanic crust, and it travels with its accumulated history recording 
increasing submergence, for example, as the lithosphere cools.  This will enable 
automatic generation of hypsometric data for example, allowing prediction of the 
variation in water depth due to the change in the age of the ocean floor. 
 

 

Figure 5.  This image was 
made using the gOcad 
software.  It shows the 
initial break that triggered 
the devastating 2004 
Sumatran earthquake, at 
the cusp between the 
North Sumatran arc to the 
north, and the Indonesian 
arc to the south.  Further 
north are the North 
Andaman Sea arc, and the 
Burma arc.   The Burma 
arc meets the eastern 
syntaxis of the Himalaya. 



 
 
Figure 6  An image prdocued using the Pplates software, developed under the 
auspices of the ACcESS MNRF. ‘Automatic’ generation of the sea floor of the 
Southern Ocean as Australia drifts northward from Antarctica.   The age of the 
ocean floor determines its magnetic polarisation (shown here as red or blue.  
 
Slab dynamics  This part of the research program is aimed at developing an 
understanding of the mechanics of slab roll-back, and how slabs tear in the 
process, or as a pre-cursor to “roll-back” events.  Post-doctoral Research Fellow 
Dr Justin Freeman is investigating this aspect in 3D, using software developed by 
the ACcESS MNRF (http://www.access.edu.au/), in collaboration with Dr Wouter 
Schellart, from the Earth Physics Geophysical Fluid Dynamics laboratory and Dr 
David Stegman from Monash Cluster Computing at Monash University.  
 
The kinematics of subduction and its influence on mantle convection and plate-
scale deformation have been the focus of numerous geodynamic studies, but 
most of these have considered only two-dimensional aspects of subduction 
dynamics by incorporating the assumption that subduction zones are infinite in 
trench-parallel extent.  Natural subduction zones are intrinsically three-
dimensional, however, due in part to their limited lateral extent. Lateral length 
scales of natural subduction zones vary from only a few hundred kilometres (e.g. 
the Calabrian, Hellenic and Scotia slabs) to several thousand kilometres (e.g. the 
Aleutian, Indonesian, Northwest Pacific and South American slabs).  
 

Figure 7 shows numerical simulations of a 3D subducting lithospheric slab 
carried out by Post-Doctoral Research Fellow Dr Justin Freeman.  



 

  

  

 

 

 

This study is being conducted by systematically varying parameters, so that a 
‘phenomenon space’ can be constructed. This allows us to develop some 
understanding of the types of effects different variables are likely to allow, For 
example, roll-back of the hinges of subducting slabs begins to take place once 
visco-plastic rheologies are introduced (Figure 8).  These rheologies allow stress 
to be transmitted horizontally through the slab 
 

 
 
PhD candidate Meghan Miller (in collaboration with Professor Brian Kennett) 
investigated heterogeneity within the subducting Pacific slab beneath the Izu-
Bonin-Mariana arc, building a 3D model using complementing regional bulk 
sound, shear wavespeed, and P-wave tomographic images.  The distribution of 

Figure 8 shows a 
numerical simulation of a 
subducting lithospheric 
slab with a visco-plastic 
rheology.  This single 
factor appears to cause 
roll-back of the hinge of 
the subducting slab. 
 



seismic anomalies has been used to elucidate a distinct change between the slab 
beneath the Izu-Bonin and the Mariana arc (Figure 9).  
 

Figure 9.  Interpreted morphology and geometry of the subducting Pacific slab 
beneath the Izu-Bonin arc from P-wave tomography data.  The ‘hole’ illustrates 
the region where the change in seismic property or "tear" occurs in the P-wave 
model.  The earthquakes acquired from the NEIC catalogue for events from 
1967-1995 illustrate a cluster positioned within the anomalous region.  The 
position of the Ogasawara Plateau is depicted in purple.  

 

Changes in physical properties within the slab tear at the southern end of the 
Izu-Bonin arc, identified as a “gap or thinning” in the tomographic images, could 
be the result of the distortion of the Pacific plate as its shape transforms 
between near horizontal to near vertical, a decrease in the rigidity and strength 
of the lithosphere, the subduction of the Ogasawara Plateau, change in 
subduction velocity, or a combination of all these factors.  A strong, slow 
anomaly in the mantle wedge between 25-33°N, in contrast to the tear, appears 
to be a low viscosity region. 
 
Deep Earth Resources  This part of the research program is aimed at 
developing an understanding of the tectonic controls on the formation and 
location of mineral and energy deposits, exploring the hypotheses that address 
the ultimate causes of resource accumulation, with attention to the details that 
determine source fertility, and the traps that temporarily hold the accumulated 
wealth.   
 



 
 
Figure 10  Spatial (as well as temporal) trends in the distribution of kimberlite 
pipes relate to the orientation of transfer faults during continental extension 
during the early stages of Gondwana breakup.  These may reflect the geometry 
of movement zones in the deep lithosphere that are analogous to transfer faults 
and detachment zones, on the continental scale. 
 
Diamonds  In 2004 Mr Simon Richards focussed some effort into linking plate 
tectonics and kimberlite magmatism, showing spatio-temporal controls in the 
context of global tectonic reconstructions using the emerging P-plates software 
developed by Dr Joe Kurtz.   
 
A key feature of kimberlites and associated rock types is the preferred 
orientation of the hypabyssal dyke orientations, implying a tectonic control on 
their emplacement. However, even though large-scale structures such as faults 
may locally control kimberlite emplacement, the regional tectonic controls are 
less well understood (Figure 10). 
 
Another characteristic feature of kimberlite magmatism is the well-documented 
occurrence of distinct eruption events that are generally specific to a particular 



region or field. Compilation of over 500 kimberlite ages has revealed a 
correspondence between major periods of kimberlite eruption and periods of 
continental extension. A paucity in kimberlite eruption events existed during the 
life of the Gondwanan continent between ~250 and 340 Ma, during a period of 
relative plate stability. In contrast, continental fragmentation and breakup at 
~250 Ma coincides with the onset of the more recent periods of kimberlite 
eruption.  Rifting at ~120 Ma associated with the formation of the South Atlantic 
Ocean corresponds with some of the most voluminous and economic kimberlites 
in South Africa. 
 

 

Figure 11  Gold mineralization at the boundary between mylonites and 
sediments in the Miclere gold field (photo by PhD candidate David Wood). 
 

 
Gold  In 2004 Mr David Wood continued with his PhD topic “Tectonic evolution 
and gold mineralization of the Anakie Inlier, central East Queensland” supported 
by AngloGold Australia.  The ultimate aim of this project is to change the way we 
assess the evolution of the eastern margin of this part of Gondwana during the 
Palaeozoic, and to understand large-scale controls on metallogenic fertility.  The 
project will show that architectural studies are necessary to understand the 
history of a terrane, and that interpolating between terranes is essential for 
interpretation of tectonic setting. The preliminary results are that changes in 
geodynamic setting correspond with episodes of gold mineralization, and that in 
any fertile terrane, the regional setting and rock type are secondary in 
importance to controls exerted by tectonic setting. 


