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North-South Divide: why do plumes form mainly in the southern hemisphere? 

1. Background 

Expansive areas of igneous material on the 

Earth’s surface (e.g., large igneous provinces 

(LIPs)) are thought to be manifestations of past 

thermal plume head arrivals. The plumes origi-

nated deep in the mantle and erupted over short 

geological timescales. The deep mantle origin 

of the large igneous provinces can be inferred 

from the generation of dyke swarms, surface 

uplift, and the geochemical signature of the 

erupted material [Courtillot et al., 1999]. 

Fig 1a shows the paleo-positions of 24 large 

igneous provinces with deposition ages dating 

back to 300 Ma (i.e., from the formation of Pan-

gea to the present day) as projected downward 

onto the core-mantle boundary (CMB) 

[Torsvik et al., 2008]. A key observation of Fig 

1a is that since the formation of Pangea, the 

majority of LIPs have formed in the south-

ern hemisphere.   

One hypothesis on the generation of LIPs is 

that large-scale subducted material can develop 

thermal instabilities at the CMB, interacting 

with mantle structure [Torsvik et al., 2010; Tan 

et al., 2011]. Subduction history over the past 

300 Myr is markedly different in the northern 

hemisphere than in the south (coloured lines, 

Fig 1a). Comparing the Americas, subduc-

tion zones have moved a great distance in the 

north as compared to the south. Could this 

difference play a role in LIPs forming mainly in 

the southern hemisphere?   

This MSc project will use numerical models 

(e.g., Fig 1b) to test hypothesis on the im-

portance of subduction history and mantle struc-

ture in the generation of large igneous prov-

inces.  

 

Key questions to study:  

 Where do plumes (LIPs) preferentially de-

velop during supercontinent break-up?   

 How does subduction zone migration impact 

the positioning of plumes?   

2. Aims and methods 

Through numerical models (e.g., Fig 1b), we 

will apply different proposed subduction histo-

ries and analyse how plumes form after a super-

continent begins to break-up. These suites of 

models will simulate the northern and southern 

hemisphere mantle evolution, studying subduc-

tion zone migration and changing mantle struc-

ture [e.g., Heron et al., 2015]. Global plate tec-

tonic geodynamical modelling will be done us-

ing the state-of-the-art community-supported 

code ASPECT (examples can be found here).  
 

3. Scientific benefits 

The project will add to the discussion on the role 

of subduction in the origin of LIPs. Further-

more, the project will advance global geody-

namic modelling, exploring the parameter space 

surrounding large-scale mantle convection sim-

ulations.  

4. Training 

 

Figure 1: a) Ancient subduction zones from the 

past 300 Million years (coloured lines) alongside 

ancient large igneous province locations (circles); 

b) ASPECT in action [Heister et al., 2017].  
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The student will become part of a vibrant re-

search culture in the department of Earth Sci-

ences, in which ~80 postgraduate students work 

on a wide range of Earth Science research pro-

jects. In particular, the student will closely col-

laborate with the academic staff, postdoctoral 

researchers and fellows, and postgraduate stu-

dents in the geodynamics, tectonics, and geo-

physics research groups. 

 

Further training will be provided in geodynam-

ical modelling (programming, code develop-

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

and data management of high-performance 

computing systems. The project is an oppor-

tunity for the student to become proficient in 

computer programming and modelling, with 

support from an enthusiastic modelling commu-

nity.  

 

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). 
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