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This is an undergrad major and grad student seminar on the dynamics of terrestrial planets with a focus on the 
Earth as a system, including the geodynamo, mantle convection, the climate system, and the biosphere. The focus 
is on the interactions between the system components and how they can be parameterized to understand the 
dynamic controls on how terrestrial type planets evolve. We will explore a range of simplified but quantitative 
models, focusing on understanding the fundamental dynamics  The course provides a foundation to discuss ways 
of resolving outstanding questions, and how to extrapolate from our to other solar systems. We will close with a 
discussion of attempts to model exoplanets.  
 
Logistics 
Instructor:  

● Thorsten Becker twb@ig.utexas.edu​, JGB 4.220AA (online) 
● Office hours: Online, TBD 

Lecture time:  
● Mon and Wed, 9:30 - 11am  

Format:  
● The class consists of only a few lectures, and is subsequently driven by reading and hands-on exercises. 
● Each week, two papers are assigned reading for the next week, when two students will lead the 

discussions on each paper. For this, short powerpoint presentations (4-5 slides, highlighting the major 
findings through figures) will be helpful, and some more background reading might be needed 

● There are five homework problems which require running Matlab or Python code, experimenting with the 
models, and handing in your code electronically, along with a short (max 2000 word) report.  

● There is a final project, ideally on new research ideas, or a review of a topic of interest, to be discussed 
with the instructor. The final project is a maximum length of 10 pages, preferably 5.  

● Content counts more than formal presentation, particularly for student presentations.  
Grading: 

● homework problems (mix of theory and numerical exercises, 35%) 
● in-class discussion of reading (30%) 
● final project (35%) - due last day of exam week 

 
Prerequisites:  

● Basic geophysics and intro geology, intro geodynamics class such as ​Tectonic Geodynamics​. 
Textbook:  

● Reading assignments. 
 

Class schedule 
 

Week Class topic Reading assignments Exercise/homework 

1 - Aug 24  Logistics  Install Matlab or 
Python 

2 - Aug 31 Modeling Earth 
Systems 

Solving ODEs O’Neill and Lenardic (2007), 
Valencia et al. (2007a) 

Geodynamo - 
Rikitake 

3 - Sep 7 Thermal evolution models for the Christensen (1985),   

mailto:twb@ig.utexas.edu


 
 
References (required reading in bold) 
 

● Thermal evolution of the mantle 
○ Höink, T., Lenardic, A., & Jellinek, A. M. (2013). Earth’s thermal evolution with multiple 

convection modes: A Monte-Carlo approach. Physics of the Earth and Planetary Interiors, 221, 
22-26. 

○ Christensen, U. R. (1985). Thermal evolution models for the Earth. Journal of Geophysical 
Research: Solid Earth, 90(B4), 2995-3007. 

○ Korenaga, J. (2006). Archean geodynamics and the thermal evolution of Earth. Geophysical 
Monograph-American Geophysical Union, 164, 7. 

○ Korenaga, J. (2018). Crustal evolution and mantle dynamics through Earth history. Philosophical 
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 
376(2132), 20170408. 

Earth’s mantle Korenaga (2018). 

4 - Sep 14 Volatile transport and budgets - water 
and carbon 

McGovern and Schubert (1989), 
Sleep and Zahnle (2001) 

Thermal evolution of 
the Mantle 

5 - Sep 21 Core evolution, magnetic field and 
atmospheric shielding 

Tarduno et al. (2014),  
Driscoll and Bercovici (2014) 

 

6 - Sep 28  Weathering processes Kump et al. (2000),  
West et al. (2005) 

 

7 - Oct 5 Cryosphere and hydrosphere - 
Snowball earth and modern 
glaciations and sea level 

Hoffman et al. (1997/2017);  
Mitrovica et al. (2020) 

Fossil Fuels and the 
Carbon Cycle 

8 - Oct 12 True polar wander Evans (2003), Steinberger & 
Torsvik (2008) 

 

9 - Oct 19 Solid Earth - atmosphere interactions: 
Faint Young Sun and Great oxidation 
event 

Feulner (2012) 
Lee et al. (2016) 

 

10 - Oct 26 The biosystem - Gaia and Forests, 
biosystem stabilization of climate 

Wood et al. (2008),  
Runyan et al. (2012) 

Volcanic Eruptions 
and Climate Change 

11 - Nov 2 Mass extinctions Sobolev et al., (2011),  
Rothman (2017) 

 

12 - Nov 9 Thermal evolution of other kinds of 
terrestrial planets 

Jellinek and Jackson (2015) 
Lenardic and Crowley (2012) 

 

13 - Nov 16 Heat loss on other planets and icy 
moons 

Kane et al. (2019) 
Greenberg et al. (2002) 

Thermal evolution of 
Europa 

 Exoplanets Barnes et al. (2020)   



○ Lenardic, A., & Crowley, J. W. (2012). On the notion of well-defined tectonic regimes for 
terrestrial planets in this solar system and others. The Astrophysical Journal, 755(2), 132. 

● Plate tectonics on super earths 
○ O'Neill, C., & Lenardic, A. (2007). Geological consequences of super-sized Earths. Geophysical 

Research Letters, 34(19). 
○ Valencia, D., Sasselov, D. D., & O'Connell, R. J. (2007b). Radius and structure models of the first 

super-Earth planet. The Astrophysical Journal, 656(1), 545. 
○ Valencia, D., O’connell, R. J., & Sasselov, D. D. (2007a). Inevitability of plate tectonics on 

super-Earths. The Astrophysical Journal Letters, 670(1), L45. 
○ Van Heck, H. J., & Tackley, P. J. (2011). Plate tectonics on super-Earths: equally or more likely 

than on Earth. Earth and Planetary Science Letters, 310(3-4), 252-261. 
● Magnetic field 

○ Rikitake, T. (1958, January). Oscillations of a system of disk dynamos. In Proc. Cambridge Philos. 
Soc (Vol. 54, No. 1, pp. 89-105). 

○ Driscoll, P., & Bercovici, D. (2014). On the thermal and magnetic histories of Earth and Venus: 
Influences of melting, radioactivity, and conductivity. Physics of the Earth and Planetary Interiors, 
236, 36-51. 

○ Tarduno, J. A., Blackman, E. G., & Mamajek, E. E. (2014). Detecting the oldest geodynamo and 
attendant shielding from the solar wind: Implications for habitability. Physics of the Earth and 
Planetary Interiors, 233, 68-87. 

● Volatiles 
○ McGovern, P. J., & Schubert, G. (1989). Thermal evolution of the Earth: effects of volatile 

exchange between atmosphere and interior. Earth and planetary science letters, 96(1-2), 27-37. 
○ Sleep, N. H., & Zahnle, K. (2001). Carbon dioxide cycling and implications for climate on ancient 

Earth. Journal of Geophysical Research: Planets, 106(E1), 1373-1399. 
○ Sandu, C., Lenardic, A., & McGovern, P. (2011). The effects of deep water cycling on planetary 

thermal evolution. Journal of Geophysical Research: Solid Earth, 116(B12). 
○ Crowley, J. W., Gérault, M., & O'Connell, R. J. (2011). On the relative influence of heat and 

water transport on planetary dynamics. Earth and Planetary Science Letters, 310(3-4), 380-388. 
● Weathering 

○ Kump, L. R., Brantley, S. L., & Arthur, M. A. (2000). Chemical weathering, atmospheric CO2, 
and climate. Annual Review of Earth and Planetary Sciences, 28(1), 611-667. 

○ Maher, K., & Chamberlain, C. P. (2014). Hydrologic regulation of chemical weathering and the 
geologic carbon cycle. science, 343(6178), 1502-1504. 

○ West, A. J., Galy, A., & Bickle, M. (2005). Tectonic and climatic controls on silicate weathering. 
Earth and Planetary Science Letters, 235(1-2), 211-228. 

○ Simoes, M., Braun, J., & Bonnet, S. (2010). Continental-scale erosion and transport laws: A new 
approach to quantitatively investigate macroscale landscapes and associated sediment fluxes over 
the geological past. Geochemistry, Geophysics, Geosystems, 11(9). 

○ West, A. J. (2012). Thickness of the chemical weathering zone and implications for erosional and 
climatic drivers of weathering and for carbon-cycle feedbacks. Geology, 40(9), 811-814. 

○ Foley, B. J. (2015). The role of plate tectonic–climate coupling and exposed land area in the 
development of habitable climates on rocky planets. The Astrophysical Journal, 812(1), 36. 

● Tectonics and climate 
○ Roe, G. H., & Brandon, M. T. (2011). Critical form and feedbacks in mountain-belt dynamics: 

Role of rheology as a tectonic governor. Journal of Geophysical Research: Solid Earth, 116(B2). 
○ Molnar, P., Boos, W. R., & Battisti, D. S. (2010). Orographic controls on climate and 

paleoclimate of Asia: thermal and mechanical roles for the Tibetan Plateau. Annual Review of 
Earth and Planetary Sciences, 38. 

○ Tomkin, J. H., & Roe, G. H. (2007). Climate and tectonic controls on glaciated critical-taper 



orogens. Earth and Planetary Science Letters, 262(3-4), 385-397 
● Continents and climate 

○ Abbot, D. S., Cowan, N. B., & Ciesla, F. J. (2012). Indication of insensitivity of planetary 
weathering behavior and habitable zone to surface land fraction. The Astrophysical Journal, 
756(2), 178. 

○ Willenbring, J. K., & von Blanckenburg, F. (2010). Long-term stability of global erosion rates and 
weathering during late-Cenozoic cooling. Nature, 465(7295), 211-214. 

○ Jellinek, A. M., Lenardic, A., & Pierrehumbert, R. T. (2020). Ice, fire, or fizzle: The climate 
footprint of Earth's supercontinental cycles. Geochemistry, Geophysics, Geosystems, 21(2), 
e2019GC008464. 

● True polar wander 
○ Creveling, J. R., Mitrovica, J. X., Chan, N. H., Latychev, K., & Matsuyama, I. (2012). Mechanisms 

for oscillatory true polar wander. Nature, 491(7423), 244-248. 
○ Evans, D. A. (2003). True polar wander and supercontinents. Tectonophysics, 362(1-4), 303-320. 
○ Steinberger, B., & Torsvik, T. H. (2008). Absolute plate motions and true polar wander in the 

absence of hotspot tracks. Nature, 452(7187), 620-623. 
● The climate system 

○ Ferreira, D., Marshall, J., & Rose, B. (2011). Climate determinism revisited: Multiple equilibria in 
a complex climate model. Journal of Climate, 24(4), 992-1012. 

○ Haqq-Misra, J. D., Domagal-Goldman, S. D., Kasting, P. J., & Kasting, J. F. (2008). A revised, 
hazy methane greenhouse for the Archean Earth. Astrobiology, 8(6), 1127-1137. 

○ Wordsworth, R. D. (2016). The climate of early Mars. Annual Review of Earth and Planetary 
Sciences, 44, 381-408. 

○ Ozawa, H., Ohmura, A., Lorenz, R. D., & Pujol, T. (2003). The second law of thermodynamics 
and the global climate system: A review of the maximum entropy production principle. Reviews 
of Geophysics, 41(4). 

● Ice and sealevel 
○ Mitrovica, J. X., Austermann, J., Coulson, S., Creveling, J. R., Hoggard, M. J., Jarvis, G. T., & 

Richards, F. D. (2020). Dynamic Topography and Ice Age Paleoclimate. Annual Review of Earth 
and Planetary Sciences, 48, 585-621. 

○ Donnadieu, Y., Goddéris, Y., Ramstein, G., Nédélec, A., & Meert, J. (2004). A ‘snowball Earth’ 
climate triggered by continental break-up through changes in runoff. Nature, 428(6980), 
303-306. 

○  
● Convection and climate  

○ Foley, B. J., & Driscoll, P. E. (2016). Whole planet coupling between climate, mantle, and core: 
Implications for rocky planet evolution. Geochemistry, Geophysics, Geosystems, 17(5), 
1885-1914. 

○ Lenardic, A., Jellinek, A. M., Foley, B., O'Neill, C., & Moore, W. B. (2016). Climate-tectonic 
coupling: Variations in the mean, variations about the mean, and variations in mode. Journal of 
Geophysical Research: Planets, 121(10), 1831-1864. 

● Long-term Earth evolution 
○ Feulner, G. (2012). The faint young Sun problem. Reviews of Geophysics, 50(2). 
○ Jellinek, A. M., & Jackson, M. G. (2015). Connections between the bulk composition, 

geodynamics and habitability of Earth. Nature Geoscience, 8(8), 587-593. 
■ Burkhardt, C., Borg, L. E., Brennecka, G. A., Shollenberger, Q. R., Dauphas, N., & 

Kleine, T. (2016). A nucleosynthetic origin for the Earth’s anomalous 142 Nd 
composition. Nature, 537(7620), 394-398. 

■ Bouvier, A., & Boyet, M. (2016). Primitive Solar System materials and Earth share a 
common initial 142 Nd abundance. Nature, 537(7620), 399-402. 



○ Feulner, G. (2017). Formation of most of our coal brought Earth close to global glaciation. 
Proceedings of the National Academy of Sciences, 114(43), 11333-11337. 

○ Foley, B. J. (2019). Habitability of Earth-like stagnant lid planets: Climate evolution and recovery 
from snowball states. The Astrophysical Journal, 875(1), 72. 

○ Maruyama, S., & Santosh, M. (2008). Models on snowball Earth and Cambrian explosion: a 
synopsis. Gondwana Research, 14(1-2), 22-32. 

○ Hoffman, P. F., Abbot, D. S., Ashkenazy, Y., Benn, D. I., Brocks, J. J., Cohen, P. A., ... & 
Fairchild, I. J. (2017). Snowball Earth climate dynamics and Cryogenian geology-geobiology. 
Science Advances, 3(11), e1600983. 

○ Hoffmann, P. F., Kaufman, A. J., Halverson, G. P., & Schrag, D. P. (1998). A Neoproterozoic 
snowball earth. Science, 281(5381), 1342-1346. 

○ Hoffmann, P. F., & Schrag, D. P. (2000). Snowball earth. Scientific American, 282(1), 68-75. 
● The Biosystem 

○ Runyan, C. W., D'Odorico, P., & Lawrence, D. (2012). Physical and biological feedbacks of 
deforestation. Reviews of Geophysics, 50(4). 

○ Wood, A. J., Ackland, G. J., Dyke, J. G., Williams, H. T., & Lenton, T. M. (2008). Daisyworld: a 
review. Reviews of Geophysics, 46(1). 

○ Höning, D. (2020). The impact of life on climate stabilization over different timescales. 
Geochemistry, Geophysics, Geosystems, 21, e2020GC009105. 
https://doi.org/10.1029/2020GC009105 

● Mass extinctions 
○ Rothman, D. H. (2017). Thresholds of catastrophe in the Earth system. Science Advances, 3(9), 

e1700906. 
○ Sobolev, S. V., Sobolev, A. V., Kuzmin, D. V., Krivolutskaya, N. A., Petrunin, A. G., Arndt, N. T., 

... & Vasiliev, Y. R. (2011). Linking mantle plumes, large igneous provinces and environmental 
catastrophes. Nature, 477(7364), 312-316. 

○ Bond, D. P., & Grasby, S. E. (2017). On the causes of mass extinctions. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 478, 3-29. 

○ Ridgwell, A. (2005). A Mid Mesozoic Revolution in the regulation of ocean chemistry. Marine 
Geology, 217(3-4), 339-357. 

● Icy moons 
○ Greenberg, R., Geissler, P., Hoppa, G., & Tufts, B. R. (2002). Tidal-tectonic processes and their 

implications for the character of Europa's icy crust. Reviews of geophysics, 40(2), 1-1. 
● Putting it all together 

○ Tosi, N., Godolt, M., Stracke, B., Ruedas, T., Grenfell, J. L., Höning, D., ... & Spohn, T. (2017). 
The habitability of a stagnant-lid Earth. Astronomy & Astrophysics, 605, A71 

○ Barnes, R., Luger, R., Deitrick, R., Driscoll, P., Quinn, T. R., Fleming, D. P., ... & Barth, P. (2020). 
VPLanet: The Virtual Planet Simulator. Publications of the Astronomical Society of the Pacific, 
132(1008), 024502. 

○ Kane, S. R., Arney, G., Crisp, D., Domagal-Goldman, S., Glaze, L. S.,Goldblatt, C., et al (2019). 
Venus as a laboratory for exoplanetary science. Journal of Geophysical Research: Planets, 124, 
2015–2028. ​https://doi​. org/10.1029/2019JE005939 

 
 
Disability notice: 
 
Students with disabilities may request appropriate academic accommodations from the Division of Diversity and 
Community Engagement, Services for Students with Disabilities, 512-471-6259, diversity.utexas.edu 
 
 

https://doi/


Recordings: 
 
Class recordings are reserved only for students in this class for educational purposes and are protected under 
FERPA. The recordings should not be shared outside the class in any form. Violation of this restriction by a 
student could lead to Student Misconduct proceedings. 


