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    Earth is unique among known terrestrial 
planets in the co-evolution of its geosphere 
and biosphere. Minerals are suspected to have 
played key roles in life’s origins and evolu-
tion [1], while life in turn was central to the 
diversification of minerals on Earth [2]. We 
explore the relationships between mineral di-
versity and distribution in the context of the 
evolving biosphere—a field we call “mineral 
ecology.”  
   Three factors contribute to the roles played 
by necessity and chance in determining min-
eral distribution and diversity at or near the 
surfaces of terrestrial planets: (1) crystal 
chemical characteristics; (2) planetary stoi-
chiometry; and (3) the probability of occur-
rence for rare minerals [3].  
   Crystal chemical analysis reveals that the 
most abundant elements generally have the 
largest numbers of mineral species, as mod-
eled by relationships for Earth’s upper conti-
nental crust (E) and the Moon (M), respec-
tively: 
 

Log(NE) = 0.22Log(CE) + 1.70  (R2 = 0.34)  
 

Log(NM) = 0.19Log(CM) + 0.23, 
 

where C is an element’s abundance in ppm 
and N is the number of approved International 
Mineralogical Association mineral species in 
which that chemical element is essential 
(rruff.info/ima). Several elements that mimic 
other more abundant elements are less likely 
to form their own species. Similar relation-
ship are found for Earth and the Moon. 
   Measurements of stellar stoichiometry re-
veal that stars can differ significantly from 
the Sun in relative abundances of rock-
forming elements [4], for example in the ratio 
 

of O, S, Fe, Mg, and Si, which implies that 
bulk compositions of some extrasolar Earth-
like planets likely differ significantly from 
those of Earth. Consequently, the distribution 
of the most common rock-forming minerals 
will differ, as well. 
   Of 4933 approved mineral species, 34% are 
known from only one or two localities, and 
more than half are known from 5 or fewer 
localities. Statistical analysis of these mineral 
frequencies [4] reveals that minerals conform 
to Large Number of Rare Event (LNRE) dis-
tributions. Our LNRE models suggest that 
thousands of plausible rare mineral species 
await discovery or could have occurred at 
some point in Earth’s history, only to be sub-
sequently lost by burial, erosion, or subduc-
tion.  
   We conclude that the distribution of com-
mon mineral species represents a diagnostic 
characteristic of “Earth-like” planets, whereas 
the distribution of rare species is unique to 
Earth and reflects the evolution of the bio-
sphere. Were Earth’s history to be replayed, 
and thousands of mineral species discovered 
and characterized anew, it is probable that at 
least 25% of those minerals—more than 1000 
species—would differ from species known 
today. 
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