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 The dynamics of granite-greenstone belts 
1. Background 

Today, plate tectonics dominates the tectonic de-

formation of the Earth’s surface, in which pro-

cesses like seafloor spreading, subduction, conti-

nental collision are responsible for phenomena 

such as mountain building, arc volcanism, and the 

division into oceanic and continental lithosphere. 

But it is very unlikely that plate tectonics always 

existed (van Hunen and Moyen, 2012), and one of 

the major open geodynamical questions is ‘Which 

kind of tectonics dominated the Earth before the 

onset of plate tectonics?’ (Sizova et al., 2015).  

 

  
Figure 1) Geological map of the East Pilbara granite-

greenstone terrane illustrating a tectonic regime prior 

to the onset of plate tectonics. After Sandiford et al. 

(2004). 

 

While plate tectonics is widely recognized in the 

rock record, some of the oldest terranes on Earth 

lack any obvious signs of plate tectonics, and, in-

stead, have been interpreted to exhibit different 

tectonic styles that may have been dominated the 

Earth before plate tectonics initiated.  

For example, geological structures in East Pilbara 

(western Australia) lack the typical plate tectonic 

rock record features, such as linear sutures or other 

fossil subduction zone features. Instead, it shows 

oval-shaped felsic gneiss terranes surrounded by 

more mafic ‘greenstone belts’ (Figure 1).  

 

These so-called ‘dome-and-keel’ structures have 

been proposed to form from a sequence of events 

(Zegers and van Keken, 2001; van Kranendonk et 

al., 2002; Sandiford et al., 2004): 1) the mid-crus-

tal burial of granitic TTG suites by thick (>10 km) 

basaltic sequences, which, once solidified, forms a 

gravitationally unstable sequence; 2) warming up 

of the sequence by thermal re-equilibration and ra-

diogenic heating; and; 3) followed by crustal con-

vection and gravitational overturns or instabilities. 

Such tectonic regime, sometimes referred to as 

‘vertical tectonics' to contrast it to the more ‘hori-

zontal tectonics' of plate tectonics, probably re-

quires a relatively weak lithosphere in which con-

vection is possible. 
Figure 2) Example of lithospheric deformation model-

ling using ASPECT, illustrating features relevant for 

this project, including surface deformation, strain lo-

calisation, and brittle + viscous deformation. From 

Bangerth et al. (2018). 

 

Understanding the tectonic and environmental 

conditions of these early formations is crucial, as 

this phase of early crust formation has played a 

major role in the thermal and compositional evo-

lution of the Earth, and these terranes provide rec-

ords the most ancient life on Earth.  

 

This project aims to use numerical models to in-

vestigate the specific conditions under which those 

granite-greenstone belts were shaped and would 

have been the dominant tectonic style. How did 

such unstable layering form and collapse? Under 

Prof Jeroen van Hunen: jeroen.van-hunen@durham.ac.uk 
Dr. Phil Heron: philip.j.heron@durham.ac.uk 

Prof. Jean-François Moyen: jean.francois.moyen@univ-st-etienne.fr 

 

mailto:jeroen.van-hunen@durham.ac.uk
mailto:philip.j.heron@durham.ac.uk
mailto:jean.francois.moyen@univ-st-etienne.fr


DEPARTMENT OF EARTH SCIENCES- DURHAM UNIVERSITY 

 

MSc-by-Research in Computational Geoscience PROPOSAL — 2019 http://www.dur.ac.uk/earth.sciences/postgraduate/ 

 

which circumstances can large-scale diapirism oc-

cur? Is tectonic extension or compression needed? 

At which pressure-temperature conditions were 

they likely to have taken place? Modelling this 

once widespread, but yet poorly understood phe-

nomenon of the Earth’s ancient past will not only 

provide a more quantitative assessment of this pro-

cess, but also provides valuable insight in the ef-

fective properties (strength, thermal regime, mo-

bility) of the oldest continents on Earth at the time 

of their formation. 

2. Methodology 

Geodynamical modelling in this project will be 

done with the state-of-the-art community-sup-

ported code ASPECT. This code has been de-

signed for regional and global geodynamical prob-

lems (Figure 2; Bangerth et al., 2018; Heister et 

al., 2017), uses cutting-edge numerical techniques 

for optimal performance, is very well documented, 

and is extensible to tailor for individual needs. By 

combining these geodynamical models with ob-

servational data sets from the rock record, we aim 

to understand and constrain the dynamics of the 

formation of these tectonic events of the Earth’s 

distant past. 

 

3. Training 

The student will become part of a vibrant research 

culture in the department of Earth Sciences, in 

which ~80 postgraduate students work on a wide 

range of Earth Science research projects. In partic-

ular, the student will closely collaborate with the 

academic staff, postdoctoral researchers and fel-

lows, and postgraduate students in the geodynam-

ics, tectonics, and geophysics research groups. 

 

Further training will be provided in geodynamical 

modelling (programming, code development, 

model setup, and usage) as well as usage and data 

management of high-performance computing sys-

tems. The project is an opportunity for the student 

to become proficient in computer programming 

and modelling, with support from an enthusiastic 

modelling community.  

 

ASPECT is open source with an importance 

placed on member participation in development 

(which is done in the open here), allowing for 

worldwide collaboration and education (e.g., 

through hackathons and public meetings).  

 

Some experience or affinity with numerical mod-

elling, tectonics and magmatism will be helpful for 

the project. 
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