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The Earth is more than a one Earth-mass, one 
Earth-radius, one Earth-density planet. It is the only 
known terrestrial planet to undergo plate tectonics, 
have continental crust and a strong geodynamo. 
Whether aiding in regulating surface climate or shield-
ing the planet from stellar winds, each of these unique 
aspects of the Earth are, in part, geophysical conse-
quences of its geochemical composition.  By mole, 
95% of the Earth’s composition is comprised of only 
four elements: Mg, Si, Fe, and O [1]. These elements 
are the major terrestrial-planet-building elements, the 
relative proportions of which govern a planet’s domi-
nant mantle mineralogy, determine the relative core 
size, and primarily control on a planet’s mass and radi-
us for those without large volatile envelopes [2, 3, 4]. 
The remaining minor elements (e.g. Ca, Al, and Na) 
control crustal composition and weathering, melting 
and degassing relations, and may even play a role in 
tectonics [5, 6].  

Mass-radius models, however, are extremely insen-
sitive to the abundances of the important minor ele-
ments. As we search for habitable worlds, mass-radius 
models will provide only a coarse picture of a terrestri-
al planet’s surface geology and dynamic state. This 
means we must move beyond a description of planets 
as “Earth-like” based on bulk density alone and instead 
quantify a planet’s likelihood to be of a composition 
which allows it to truly be like the Earth: dynamic over 
geologic timescales.  

In this review talk, I will provide a broad overview 
of how terrestrial planet composition affects a planet’s 
dynamic state, which in turn, aids in creating a habita-
ble surface. Topics will include core formation and the 
minimum criteria needed for a geodynamo, the crea-
tion and weathering of continents, the rate and chemis-
try of degassing,  interior storage and transport of vola-
tiles, mantle convection and heat budget, and composi-
tional constraints on the likelihood of plate tectonics. 
The details of many of these topics, even for the Earth, 
are still not well understood and heavily debated in the 
Earth and planetary science communities. Thus, rather 
than attempt to answer the complex question of wheth-
er specific currently known exoplanets are Earth-like, 
dynamic and habitable, this review talk will explore 
the broader potential compositional diversity of terres-
trial exoplanets as informed by the wide range of stel-
lar compositions observed in the Galaxy [7].   

Given the breadth of this compositional parameter 
space, we may only be able to determine compositions 
which are “Not Earth-like.” However, the detection of 

life is binary, and thus maximizing our limited re-
sources to study those planets more likely to be behav-
iorly similar to the Earth is of paramount importance 
moving forward as a community.  
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