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GEO 325M Numerical Modeling for Geoscientists

Cryovolcanism in
Occator crater, Ceres

Oxidant transport
by brine on Europa

T-dependent ice shell
convection on Europa

Groundwater on Mars
response to impacts

Hesse & Castillo-Rogez (2018)

Raymond et al. (2020)
Hesse et al. (2021)

Carnahan et al. (2021)

Wolfenbarger et al. (2021)
manuscript in the works ...

Research project provides motivation and and guidance for course.
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 https://doi.org/10.1029/2018GL080327
https://www.nature.com/articles/s41550-020-1168-2
https://doi.org/10.1016/j.epsl.2021.116886
https://doi.org/10.1016/j.dib.2021.107079


Simplest working discretization

Staggered grid
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Simplest working discretization

Potential in cell centers
Fluxes on cell faces
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Simplest working discretization
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Simplest working discretization

Programming concept: sparse matrices (spdiags.m)
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Going 2D/3D with Tensor products
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Going 2D/3D with Tensor products
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Going 2D/3D with Tensor products
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Going 2D/3D with Tensor products

Programming concept: Tensor/Kronecker products (kron.m)
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Modular building blocks

Teaching Computation with MATLAB Marc A. Hesse October 17, 2021 5 / 9



Modular building blocks

Teaching Computation with MATLAB Marc A. Hesse October 17, 2021 5 / 9



Modular building blocks
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Modular building blocks

Allows us to solve a different problem every year!
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Code example: Viscous Corner Flow
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Homework example: Mid-ocean ridge
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Undergraduate research

Amy De Luna (2018) Preston Durham (2019) Jaxon Liebeck (2021)

Cryovolcanism Fluids in salt Martian hydrology

Hope is to eventually have a undergrad authored paper using class tools.

Teaching Computation with MATLAB Marc A. Hesse October 17, 2021 8 / 9



Thank you for your attention.

Class website: https://mhesse.github.io/numerical_modeling/

Matlab Discrete Operator Toolbox:
https://github.com/mhesse/MatlabDiscreteOperatorToolbox
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