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The topography of Earth’s surface reflects both changes in crustal thickness through 
deformation at tectonic plate boundaries and the flow of the underlying mantle.  The former 
signal, called “isostatic topography” is of small wavelength and large amplitude, whereas the 
latter signal, called “dynamic topography” is characterised by its long wavelength and small 
amplitude.  As a result, dynamic topography is difficult to identify in the geological record.  
We have developed models that allow us to simultaneously estimate isostatic and dynamic 
topography, for which we can directly compare model and observed topography. 
 
Our workflow consists of a) global plate reconstructions, generated using the software 
GPlates [1], that account for continental deformation deduced from published geological 
and geophysical data and plate reconstructions; b) forward global mantle flow models, 
computed using a 3D-spherical finite-element solution of flow with compositionally distinct 
crust and continental lithosphere embedded within the thermal lithosphere with imposed 
plate motions and plate boundary geometries. 

 
In the first part of the workflow, geological and geophysical data are synthesized to produce 
plate reconstructions with topologically resolved rigid blocks [2] and deforming zones 
(Figure 1A), and global grids of the age of the oceanic and continental lithospheres (Figure 
1C).  These reconstructions are produced in million year intervals for the last 200 Myr, 
which allows us to model the break-up of the supercontinent Pangea.  The velocity field 
(Figure 1B), plate boundaries and lithosphere ages predicted by the plate reconstructions 
are formatted for assimilation in 3D-spherical finite-element models of mantle flow using 
the code CitcomS [e.g. 3].   
 

 
Figure 1: Examples of data assimilated in global mantle flow models. A. Plate 
reconstruction with deforming continental margins. B. Velocity field in rigid 
and deforming areas – Africa is fixed.  C. Age of the ocean floor and simplified 
continental ages. 
 
In these simulations, the buoyancy of the continents  is modelled using numerical tracers, 
which we limit in number to optimise the use of computer memory using a ratio method.  
Subduction zones are assimilated into the models to simulate single-sided subduction. Each 
mantle flow simulation, consisting of ~ 12.5 x 106 mesh points, requires ~ 45,000 Service 
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Units (96 processors for ~ 20 days) on the Sun Constellation 11936-processor cluster VAYU 
of the National Computational Infrastructure. The assimilated data amount to ~ 20,000 
files and ~ 100 GB of storage; the generated output amounts to ~ 300 GB of storage.  We 
will present several applications of these models, including the evolution of the topography 
of South America and Africa (Figure 2) over the last 150 million years, and the insights the 
models provide relative to the evolution of subduction in the West Pacific.    
 

 Figure 2: Predicted evolution of the topography of South America and Africa 
during the opening of the South Atlantic. 
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