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CLEMSON, South Carolina — More than 1,800 miles thick and sandwiched between the Earth’s
surface and its super-hot core, the mantle is made up of hot, iron-rich rock that slowly moves upward
to cool. Known as convection, this process of heat transfer causes a cascade of geological events that
lead to earthquakes, volcanic eruptions, or the formation of mountains.

Researchers want to better understand the convection process and other geodynamic activities, but
it's impossible to drill into the mantle to see what’s happening because the pressure and temperature
are too high. Instead, scientists infer information using seismic imaging and speculate about what'’s
happening well below the Earth’s surface by relying on computational models that simulate the slow
movement of rocks and tectonic plates on time scales from thousands to millions of years.

: College of Science researcher Timo Heister is part of a
E b . multi-institutional team of Earth scientists and
' mathematicians that recently received a $2.5 million
5 National Science Foundation grant to develop a new
framework for integrated geodynamic models that will
provide realistic simulations from our planet’s mantle
boundary to its surface.
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The framework will be based on an open-source software tool that Heister and other team members
created over the past eight years. The Advanced Solver for Problems in Earth’s Convection (ASPECT)
simulates processes in the Earth’s mantle, and it is widely used by Earth science researchers
worldwide.

ASPECT’s simulations have the potential to provide enormous insight into a wide range of topics,
including time and space variations in the motion and deformation of tectonic plates, the flow of
magma and the cycling of water through the Earth’s interior, the structure of deep Earth, and surface
evolution.

According to Heister, he’ll use seismic activity, tectonic plate movement, core temperature, and other
data generated by seismologists and Earth and planetary scientists as input into ASPECT. He'll run
the ASPECT simulations on high-performance computing tools like Clemson University’'s Palmetto
Cluster and other supercomputers.

“We use ASPECT to compute a reference state that helps us understand the current conditions in the
mantle as best as we can,” he said. “Scientists can then use this framework to do their own
simulations.”

On the one hand, scientists can use the reference state to perform regional high-resolution
simulations. On the other hand, scientists can perform their own global simulations to determine how
rock below the Earth’s surface responds to stress, particularly at tectonic plate boundaries.

In fact, one of Heister’s collaborators on this project, University of
California-Davis project scientist Rene Gassmoeller, has used
ASPECT to run a simulation of major mantle hotspots — volcanic
formations that are created by hot plumes rising from the core-
mantle boundary. Examples include Hawalii, Iceland and
Yellowstone.

Heister and the team will also produce images and video of the
current state simulations that they’ll make available to the
community of Earth science researchers, as well as to high school
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This material is based upon work supported by the National Science Heister

Foundation under Grant No. EAR-1925575. Any opinions, findings
and conclusions or recommendations expressed in this material are those of the authors and do not
necessarily reflect the views of NSF.

More information on the ASPECT simulation software can be found at
https://aspect.geodynamics.org/.
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