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Abstract:  Earth’s tectonic processes regulate the 

formation of continental crust, control its unique deep 
water and carbon cycles, and are vital to its surface 
habitability. A major driver of steady-state plate tec- 
tonics on Earth is the sinking of the cold subducting 
plate into the underlying mantle. This sinking is the 
result of the combined effects of the thermal contrac-
tion of the lithosphere and of metamorphic transitions 
within the basaltic oceanic crust and lithospheric man-
tle. The latter of these effects is dependent on the bulk 
composition of the planet, e.g., the major, terrestrial 
planet-building elements Mg, Si, Fe, Ca, Al, and Na, 
which vary in abundance across the Galaxy. As refrac-
tory elements, the relative ratios of these abundances 
are a first order control on a terrestrial exoplanet’s bulk 
composition, and thus the mineralogy of its depleted 
mantle and melt-extracted crust. Here, we present 
thermodynamic phase-equilibria calculations of plane-
tary differentiation to calculate both melt composition 
and mantle mineralogy. We show that a planet’s re-
fractory and moderately-volatile elemental abundances 
control a terrestrial planet’s likelihood to produce man-
tle-derived, melt-extracted crusts that sink. Those 
planets forming with a higher concentration of Si and 
Na abundances are less likely to undergo sustained 
tectonics compared to the Earth. We find only 1/3 of 
the range of stellar compositions observed in the Gal-
axy is likely to host planets able to sustain density-
driven tectonics compared to the Sun/Earth. Systems 
outside of this compositional range are less likely to 
produce planets able to tectonically regulate their cli-
mate and may be inhospitable to life as we know it. 
Furthermore, this work provides a broad framework 
for future studies to explore the role of both physical 
and chemical disk processes on the final bulk composi-
tion and potential tectonic state of a terrestrial ex-
oplanet. Finally, these results show the benefit in in-
cluding heretofore underutilized measurements of a 
host star’s planet-building elemental abundances  in 
determining the potential geology of a terrestrial ex-
oplanet. Only by including these concepts in the dis-
cussion of whether an  exoplanet is “Earth-like” and 
habitable will we as a community expand beyond the 
current scope of planetary classification as one of  bulk 
density alone. 
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