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Overview 
The overall aim of this project is to perform 

geodynamical modelling of Nazca-South American 

plate convergence, and link synthetic outputs (plate 

velocities, deformation patterns, distribution and 

composition of magmatism, Figure 1) to available data 

for the evolution of the Andean range, thereby 

understanding the plate scale controls on its 

formation. 
 

Despite decades of research, subduction zones remain 

one of the most enigmatic regions of the Earth, even 

though their often significant societal relevance due to 

seismic or volcanic hazards in densely populated areas 

near coastlines, and their importance as source of ore 

deposits.  

 

The Andes illustrate how our understanding of 

subduction is still incomplete, and many first-order 

questions remain: 

 What controls Andean distribution (with its 

roughly symmetric north-south elevation variation 

across the Central Andes), and elevation history 

(Figure 2)? 

 When and how did the Andes form? 

 How is magmatism linked to deformations? 

 

A range of different parameters have been proposed 

to influence the evolution of the South-American 

subduction morphology and related formation of the 

Andes, including: age of subducting plate, coupling 

across the subduction zone interface, thickness of the 

overriding plate, the subduction of aseismic ridges and 

buoyant features on the Nazca plate, and  large-scale 

mantle flow. In the project, we will explore the 

relative importance of those features.  

 

 
 

Figure 1) Illustration of numerical modeling of a subduction process at Durham University. Left: temperature distribution 

illustrating the geometry of the subducting plate. Right: colours illustrating the petrological features of the model, including 

melting (red), melting depletion (grey), freely migrating fluids (blue), and metasomatic reactions (purple). From Freeburn et al. 

(2017). 

 

https://www.dur.ac.uk/earth.sciences/staff/academic/?id=4586
https://www.gla.ac.uk/schools/ges/staff/iainneill/
https://www.dur.ac.uk/earth.sciences/staff/academic/?id=2213


 

  

 

Figure 2) Surface uplift of the Central and Southern Andes from Jurassic to present. From Scott et al. (2018). 

 
Methodology 
 

Over the last decade, numerical modelling of the 

subduction process has made significant progress from 

simple, fluid dynamical models into models that 

incorporate complex rheologies that capture the 

essential convergent zone deformation processes, 

(de)hydration processes to track volatile circulation, 

and melting and arc magmatism. Although no single 

model incorporates all components, the technical 

capability and required model resolution can be 

achieved. Geodynamical modelling in this project will 

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

supported code ASPECT 

(https://aspect.geodynamics.org).  

 

Examples of the code in action can be found here. 

ASPECT has been designed for regional and global 

geodynamical problems (Figure 3; Glerum et al., 2017; 

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 

observational data sets (e.g. palaeo-subduction 

velocities and directions from Cenozoic plate 

reconstructions, lithospheric thickness and magmatic 

activity through time, structural geological features), 

we aim to further our understanding of those key 

features of the orogenic processes in the Andes. 

 

 
 

Figure 3) Numerical simulation of a subduction zone using 

ASPECT. Colours illustrate the strainrate from low(red) to 

high (blue). The grid illustrates the local mesh refinement 

that was used to achieve locally very well resolved 

solutions. Figure from Glerum et al. (2017). 

 

 

The project builds on supervisor experience of 

subduction zones in general (e.g. Agrusta et al., 2018; 

van Hunen and Allen, 2011) and South-American 

subduction dynamics (e.g. van Hunen et al., 2002) and 

tectonic and magmatic evolution the Andes (Scott et 

al., 2018) in particular. 

 
Timeline 
 

Year 1) Gaining familiarity with the project through 

literature review, introduction and training in 

numerical modelling and the software package 

ASPECT, IAPETUS DTP training, and attendance of a 

first conference; 9-month progress report.  

Years 2) Further development of numerical models 

and parameter sensitivity analyses; compilation and 

qualitative comparison of model results to 

observables; 21-month progress report; preparation 

for publication of first key results in a peer-reviewed 

journal. 

Years 3) Finalizing numerical modelling results by full 

integration of geodynamical models with observables, 

such as lithospheric thickness and magmatic activity 

through time, palaeo-subduction velocities and 

directions from Cenozoic plate reconstructions, , and 

structural geological features; 33-month progress 

report; first publication and preparation for 

publications of further research.  

Final 6 months) Finalizing further publications of 

research outcomes; thesis completion and submission. 

 
Training & Skills 
The student will become part of a vibrant research 

culture in the department of Earth Sciences, in which 

~80 PhD students work on a wide range of Earth 

Science research projects. In particular, the student 

will closely collaborate with the academic staff, 

postdoctoral researchers and fellows, and 

postgraduate students in the geodynamics research 

group. 

 

Figure17. Model 1 – strain ratefield over time together with SPand OPisocontours. Also shown is theadaptivemesh following theSPinto

the mantle.

of the slab at the 660km boundary and the differences in timing of the aforementioned events are probably due to the weak,

linearly viscous layer of theSPthat is left out here (and the lesser extent of thedomain in they-direction). This leaves theplate
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The student will become part of the IAPETUS DTP, 

which offers a multidisciplinary package of training 

focused around meeting the specific needs and 

requirements of each of our students who benefit from 

the combined strengths and expertise that is available 

across our partner organisations. 

 

Further training will be provided in geodynamical 

modelling (programming, code development, model 

setup, and usage) as well as data management of high-

performance computing systems. The project is an 

opportunity for the student to become proficient in 

computer programming and large dataset analysis, 

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 at 

https://github.com/geodynamics/aspect), allowing for 

worldwide collaboration and education (e.g., through 

Hackathons and public meetings).  

 

The student is expected to attend national and 

international conferences to disseminate research 

results and to spend time away from Durham to 

integrate project partners at the partner institutes.  
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Further Information 
 

For any information on the project, the geodynamics 

group, the department of Earth Sciences or, more 

generally, matters related to doing a PhD in Durham, 

please feel free to contact Jeroen van Hunen 

(Jeroen.van-hunen@durham.ac.uk).  
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